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Abstract: Ferroelectric materials were widely applied for actuators and sensors. Barium zirconate titanate Ba(Zry,sTig 75)O; thin film
was grown on Pt/Ti/SiO,/Si(100) substrates by pulsed laser deposition. Structure and surface morphology of the thin film were
studied by X-ray diffractometry (XRD) and scan electronic microscopy (SEM). The composition and chemical state near the film
surface were obtained by X-ray photoelectron spectroscopy (XPS). On the sample surface, O 1s spectra can be assigned to those from
the lattice and surface adsorbed oxygen ions, while Cls only result from surface contamination. The result shows that only one
chemical state is found for each spectrum of Ba 3d, Zr 3d and Ti 2p photoelectron in the BZT thin film.
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1 Introduction

Ferroelectric thin films have been attracted much
interest of researchers because of their electronic,
optoelectronic and electromechanical applications such
as memory devices, field effect transistors, optical and
microelectromechanical devices. Many properties of
barium strontium titanate ((Ba;_,Sr,)TiO;) thin films
have been studied, such as high dielectric constant, low
leakage current[1, 2]. On the other hand, the barium
zirconate titanate (Ba(Zr,Ti;,)Os) thin films were
considered a promising material substitutes to BST,
Because Zr*"is chemically more stable than Ti*", Curie
temperature can be shifted below room temperature by
doping with Zr. Adjusting the Curie temperature can alter
characteristics of the BZT film. There are many methods
to prepare BZT thin films, such as radio frequency-
magnetron sputtering [3—4], the sol-gel method [5—6],
and pulsed laser disposition [7—8]. LIANG et al [9]
studied the dielectric properties and tunability of BZT

ceramics and TANG et al [10] found that the Zr ions
substitution of Ti ions had a strong effect on the
dielectric properties and the grain sizes. CHOI et al [3,
11] investigated the effect of deposition temperature and
cerium doping on the electrical and physical properties
of the BZT thin films prepared on the Pt/SiO,/Si
substrate with RF magnetron sputter deposition. WU et
al [12] and ZHAI et al [13] prepared the strongly
preferred orientation BZT thin films by using LaNiO; as
buffer layer on Pt/Ti/SiO,/Si substrate. DIXIT et al [14]
studied the phase transition of the BZT thin films.

However, there are reports on the
composition and the chemical state of the BZT thin films
at the surface and the interface between the thin film and
the substrate and they may have effect on the properties
of the BZT thin film. This study was devoted to the study
of the structure, the composition and the chemical state
of barium zirconate titanate Ba(Zr;,5Ti75)O;, thin films
by X-ray photoelectron spectroscopy (XPS). The thin
films were grown on Pt/Ti/SiO,/Si(100) substrates by
pulsed laser disposition.
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2 Experimental

Ba(Zr,Ti;—,)O; (with x=0.25, abbreviated as
BZT25/75) thin film was grown on the Pt(111)/Ti/
Si0,/Si(100) substrates by pulsed laser deposition. The
laser source used was a KrF Eximer laser, Lambda
Physik Complex with wavelength of 1=248 nm, energy
of 650 mJ and pulse duration of 25 ns. The BZT target
was prepared from powders synthesized by the sol-gel
process[15]. The appropriate proportions of high purity
barium acetate, irconium-n-propoxide and titanium
n-butoxide were used as precursors. Acetic acid and
2-methoxyethanol were selected as solvents. Barium
acetate was dissolved in acetic acid, and the two
alkoxides were dissolved in 2-methoxyethanol. By
controlling the hydrolysis condition of the complex
solution, a BZT gel was formed. The dry gel was
annealed at 1 100 “C for 5 h in atmosphere, then ground
and in this case the BZT powders were obtained. The
annealed powders were pressed into disks. The disks
were sintered at 1 400 'C for 5 h and cooled in a
furnace to obtain the BZT target. The films were
deposited at a laser repetition rate of 10 Hz and pulsed
laser energy of 350 mJ. The base pressure of the vacuum
chamber was 0.266 Pa. The deposition rate was 25—30
nm/min, and deposition time was 20 min. The oxygen
pressure was an important factor and was kept as 200.
Finally, the deposited sample was again heated up to 650
‘C in 53.2 Pa of oxygen for 10 min and cooled down
slowly to room temperature. In this case, the thin films
were crystallized in situ. The details of the deposition
conditions are given in Table 1.

Table 1 Optimal deposition conditions of BZT thin films

Item Value
Ba(Zr0.25Ti0.75)0; ceramic

Target composition

Substrate Pt(111)/Ti/Si0,/Si(100)

Target-substrate distance/mm 50

Base vacuum/Pa 0.266

Laser energy per pulse/mJ 350
Repetition rate/Hz 10
Deposition time/min 20
Working pressure/Pa 26.6
Substrate temperature/‘C 650
Annealing temperature/C 650
Deposition thickness/nm 500

The crystalline structure of the BZT25/75 thin films
on Pt/Ti/Si0,/Si substrate was analyzed by Philips
PW3710 X-ray diffractometer using Cu K, radiation with
a Ni filter. The surface and cross-sectional morphologies
were determined by scanning electron microscopy (SEM,
Leica Stereoscan 440). To identify the composition and

chemical state near the film surface, X-ray photoelectron
spectroscopy (XPS) analyses were carried out on the
ESCALAB 250 (VG Scientific) spectrometer by using
Mg K, (1 253.6 eV) radiation.

3 Results and discussion

Fig.1 shows the X-ray diffraction pattern of
BZT25/75 thin film grown on Pt/Ti/SiO,/Si substrate by
pulsed laser deposition. From the XRD pattern, the BZT
thin film has polycrystalline structure. There are (100),
(110), (111), (200), (210) and (211) six peaks in the XRD
pattern. The relative peak intensity of /(111)/2/(khl) is
found to be 0.45. It is evident that the film is perovskite
phase and has the (111) preferred orientation.

BZT 25/75 film

Pt(111)

20 30 40 50 60
20/(°)

Fig.1 XRD pattern of BZT25/75 film on Pt (111)/TV/
Si0,/Si(100) substrates

The surface and cross-section morphologies of the
film by SEM are shown in Fig.2. According to the
images, the microstructure is smooth and dense. The
cross-section image presents that the thickness of the
film is uniform and it is 500 nm.

Fig.3 shows the wide-scan XPS spectrum of the
BZT thin film in the binding energy range from 0 to
1 100 eV. All of the binding energies at various peaks
were calibrated by the binding energy of C 1s (284.60 eV)
as shown in Fig.4. From the spectrum it is clear that the
BZT film contains Ba, Zr, Ti, O and C elements near its
surface, and no other impurity element is detected in the
spectrum up to 1 100 eV except for carbon. The carbon
results from the surface contamination [16]. The
quantitative atomic composition near the film surface is
determined from the spectra of Ba 3d, Zr 3d, Ti 2p and
Ols by using sensitivity factors of 1, 2.1, 1.8 and 0.66,
respectively.

Quantitative XPS analysis result not only provides
the chemical composition near the sample surface, but
also gives the formation on the chemical bonding. From
the formation of the chemical bonding, the compounds



s864 JIANG Yan-ping, et al/Trans. Nonferrous Met. Soc. China 17(2007)

N o
)

EHT-26.00 kV D
200

(b)

9 nn
Photo No.=1268  Detector= S|

Fig.2 Surface and cross-section morphologies of film: (a) SEM
image of surface; (b) Cross-section morphology for BZT25/75
film on Pt/Ti/SiO,/Si film
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Fig.3 Wide-scan XPS spectrum of BZT25/75 film on
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Fig.4 Narrow-scan XPS spectrum of C 1s film
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Fig.5 Narrow-scan XPS spectra: (a) Ba 3d; (b) Zr 3d; (c) Ti 2p;

(d) O 1s peaks for BZT film
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existing near the surface can be determined. The
narrow-scan XPS spectra of Ba 3d, Zr 3d, Ti 2p and O 1s
peaks for the BZT film are shown in Fig.5. A doublet
structure exists in the XPS spectrum of the Ba 3d peak,
as shown in Fig.3(a). The Ba 3ds, and Ba 3d;, peaks
separate clearly at 779.8 and 795.2 eV, respectively. The
spin orbit splitting between them is 15.4 eV as expected
and its full width at half maximum is 4.38 eV.

A doublet structure is also the feature of XPS
spectrum of the Zr3 d for BZT film, and clear splitting
between Zr 3dsp, and Zr 3d;, peaks can be seen in
Fig.3(b). The binding energy of Zr 3ds, and Zr 3d;, are
177.9 and 180.1 eV, respectively, and the spin-orbit
spitting between them is 2.2 eV [16]. The feature of the
XPS spectrum of Zi 2p peak is also a doublet structure.
The binding energy of Ti 2f;, and Ti 2f, are 458.1 and
463.9 eV, respectively, and the spin-orbit spitting
between them is 5.8 eV. The full width at half maximum
of Ti 2f;, peak is about 4.55 eV.

All the XPS spectra of Ba 3d, Zr 3d, Ti 2p of the
BZT thin film consist of two peaks corresponding to
their angular momentum of electron. Only one spin-orbit
doublet is observed for the individual element, i.e.
Ba 3ds, and Ba 3ds), peaks at 779.8 eV and 795.2 eV,
Zr 3ds;, and Zr 3ds;, peaks at 177.9 eV and 180.1 eV,
Ti 2f;, and Ti 2f}, peaks at 458.1 eV and 463.9 eV. This
indicates that only one chemical state exists in the film
for each of Ba, Zr and Ti. According to the binding
energies, Ba, Zr and Ti ions are considered to be in
chemical states of Ba®", Zr*" and Ti*".

Like other elements, a doublet structure is observed
in the XPS spectrum of O 1s peak. Its component peak in
the spectrum is fitted to a Guassian type distribution with
lower binding energy (LBE) and higher binding energy
(HBE) peaks at 529.63 eV and 530.67 eV, respectively.
The LBE peak is due to the oxide and the HBE peak is
due to the hydroxide/absorbed oxygen. The former
component is identified as the lattice oxygen of BZT film
and the latter as surface adsorbed oxygen.

4 Conclusions

1) BZT25/75 thin film is successfully grown on
Pt(111)/Ti/Si0,/Si(100) substrates by pulsed laser
deposition. The BZT thin film is well crystallized from
the X-ray diffraction (XRD) pattern.

2) The microstructure of the BZT thin film is
uniform, dense and no cracks are found by scanning
electron microscopy (SEM). The composition and
chemical state near the film surface are investigated by
X-ray photoelectron spectroscopy (XPS).

3) On the sample surface, O 1s spectrum can be

assigned to oxygen ions from the lattice and surface
adsorbed oxygen ions, while the C 1s only results from
surface contamination.

4) Only one chemical state is found for each
spectrum of Ba 3d, Zr 3d and Ti 2p photoelectron in the
BZT thin film.
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