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Abstract

The BagsSrh.15Zr0.18Ting203 (BSZT) thin films were deposited via sol-gel process on LaiNi@ated silicon substrates. The grain size
decreased and the microstructure became dense when substitute Zr for Ti. Dielectric properties were investigated as a function of temperature,
frequency and direct current electric field. The temperature dependent dielectric measurements revealed that the thin films have diffuse phase
transition characteristics. The tunability of B 2Sr.10Tio.0003 thin films is about 57%, at an applied field of 415 kV/cm and measurement
frequency of 1 MHz. It was observed that the leakage current density,@EBi@152r0.18Tio g205 is higher than that of BZT thin films.
© 2004 Elsevier Ltd and Techna Group S.r.I. All rights reserved.
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1. Introduction that an increase in the Zr content induces a reduction in
the average grain size, decreases the dielectric constant, and
A large number of lead-free BaTi=based ceramics were maintains a leakage current low and stable.
studied in recent years. Depending on the composition, some In this paper, we reported on the &aSro 152r0.18Ti0.8203
of them exhibit a relaxor behavior whose characteristics thin films deposition on LaNi@as buffer layer Pt/Ti/SigJSi
were related to the type of ionic substitution and to the sub- substrates and analyze the relationship of microstructure
stitution rate. Some of these materials could prove valuable and dielectric behavior of thin films. Electric properties of
because they are environment-friendly. Barium zirconium thin films are studied as a function of frequency, tempera-
titanate BaZy ,Ti,Oz-based (BZT) ceramics is a solid so- ture and electric field.
lution compound that exhibits paraelectric or ferroelectric
properties depending on the specific composition and tem-
perature[1,2]. The dielectric constant of BZT can also be 2. Experimental processing
controlled electrically by applying a direct current (DC) elec-
tric field bias across it. Field dependent dielectric constant  The barium acetate [Ba(GEOO)], strontium acetate
of BZT may be exploited for radio frequency (RF) and mi-  Sy(CH;COOY, zirconium isopropoxide [Zr(O§H7)a],
crowave tunable filter applicatior8,4]. and titanium isopropoxide [Ti(OfH7)s] were used as
There have been some efforts to replace the BST films starting materials. Acetic acid was used as solvent.
with new films such as BgsSro152r0.18Tio.8203 (BSZT) Ba(CH;COO), was heated and dissolved in acetic acid.
etc. In case of BSZT, it is obtained by substituting ions Zirconium isopropoxide and titanium isopropoxide were
at the B site and A site of the BaTiwith Zr and Srin mixed in a ratio according to a predetermined num-
compounds of the perovskite structure ABQ is reported ber (BaTiQ, BaygsSl15TiO3, Ba(ZrigTig)O3, and
Bap.g5S10.15(Zr18Tig2)O3), and then dissolved into heated
* Corresponding author. Tek:86-21-65980544; glacial acetic acid. After cooling to room temperature, the
fax: +86-21-659851709. ethylene glycol CHOHCH,OH was added to control the
E-mail address: zhaijiwei@eastday.com (J. Zhai). viscosity and cracking of films; the solution was mixed
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and refluxed for 1 h. The concentration of the final solution Sr in BaTiO;. This constriction of perovskite lattice is re-
was adjusted to about 0.3 M. After aging the hydrolyzed lated to the fact that the ionic radius o$ris smaller than
solution for 24 h, thin-film deposition was carried out on that of B&*. Substitution of Ti by Zr leads to a expansion
the LaNiGs/Pt/Ti/SiOx/Si(100) substrates by spin coating of perovskite lattice in BaTi@thin films which is related to
at 3000rpm for 30s each layer. Each spin-coated BZT the fact the ionic radius of 2t is greater than that of *t.
layer was subsequently heat treated at Ddor 5min. The inset of therig. 1 also showed the shift oféRangles
The coating and heat treatment procedures were repeatedhat were related to the 3r for Ba* as well as zZ+ for
several times until reaching the desired thickness (aboutTi*t substitutions.
360 nm). The final anneal at high temperature of Z0dor Fig. 2 shows SEM images of the sol-gel deposited thin
30 min crystallize the amorphous films. films on LaNiGs/Pt/Ti/SiO,/Si(1 0 0). As shown ifig. 2, all
The crystalline phase of the thin films was identified films have subjected to a final anneal at 730 The addition
by X-ray diffraction (BRUCKER D8 powder diffrac- of Zr to the BaTiQ lattice decreased the grain size of the
tometer). The film thickness and the surface morphology crystallized films. The decreasing grain size with increasing
were determined by FESEM. For the electrical measure- zirconium may be attributable to lower grain-growth rates
ments, the top gold electrode of a 40 square was from the more slowly diffusion of the 2t ion, which has
deposited by DC-sputtering. The capacitance—voltage a bigger ionic radius than 4. Crystallization may be ini-
(C-V) and capacitance—temperatur@{) characteristics tiated earlier with lower zirconium contents, resulting in a
were measured using an Agilent 4284A LCR meter. The larger grain size for the same heat treatmi@&jt The ad-
current—voltage I&V) characteristics were measured by a dition of Sr and Zr to the BaTi®lattice, the grain size of
HP 4140B. The sample’s temperature was varied by usingthe crystallized films was larger than that of Zr for Ti sub-
a Delta chamber. stitutions, but smaller than that of BaTi@hin films. The
increasing grain size when substitute Sr for Ba may be at-
tributable to higher grain-growth rates from the more rapid

3. Results and discussion diffusion of the S#* (0.113nm) ion, which has a smaller
ionic radius than B&" (0.135nm).
The XRD patterns of (a) BaTi§) (b) Bay g5Srp.15TiO3, (€) Fig. 3 showed the dielectric constant and dielectric loss

Ba(Zr18Tig2)Os, and (d) Ba.gs5Sro.15(Zr18Tig2)Og3 thin films of thin films Bay gsSry.15Zr0.18Tio.g8203, as function of fre-
were shown irFig. 1 It is evident that these films were per- quencies. The dielectric constant shows dielectric dispersion
ovskite phase. It was seen that when the films are depositedypical of the thin films, and low losses are obtained at fre-
on LaNiQOs/Pt/Ti/Si0,/Si(1 00) substrate, (100) and (200) quencies up to 500 kHz. The dielectric constant showed a
peaks are corresponded with the intensity of (110) peak. slight tendency, to decrease with higher frequencies, the in-
It is evident that the films were perovskite phase and had creasing tendency of dielectric loss was obviously at higher
the (100) preferred orientation. A slight shift of the (200) frequency ranges, several possible causes exist for such dis-
plane is shown in the inset of tikég. 1 A shift of 26 angles persion, including the hypothesis of the influence of the
to the high angle side when Sr doped BaJifdms reveals contact resistance between the probe and the electrode, res-
the constriction of perovskite lattice by the addition of the onance due to high dielectric constant. Similar frequency
dispersion behavior was also reported for other ferroelectric
thin films [6,7].
Q The dielectric constant and loss of thin filmsdgggSrg 15
Q Zro18Tiog20s as a function of temperature and frequency

(®) I . , ) .
=) are shown irFig. 4. Dielectric constant and dielectric loss

5 as 45 46 g _ 5 were measured with an AC field of 0.4 kV/cm and the heat-
g2 2Theta (Degrees) g g ¢ ing rate was 3C/min. Thee—T characteristics were strongly
:ELE 8 E8Z frequency dependent, especially at the point of phase trans-
T rEJ L % formation.Fig. 4 shows the dielectric loss data for the films,

(@ T * indicating the expected relationship between dielectric con-
s e stant and dielectric loss. Itis evident that the phase transition

of thin films is between-20 and 30C and indicated the
diffused nature of the film. The broadening of transition to-
gether with the shift of the Curie temperature towards higher
temperature in thin films of normal ferroelectrics ceramics
20 30 40 S0 was due to the influence of the interfaces of the films and
2Theta (Degrees) the fine grained structure and unrelaxed growth sti&ja.

Fig. 5 shows the tuning of the capacitance as a function
of applied DC voltage for thin films at room temperature.
Dielectric constant and dielectric loss of the films was mea-

Fig. 1. XRD patterns of sol-gel deposited: (a) BadjiQb) Bass
Sro.15TiO3, (c) Ba(ZngTigz)Os, and (d) BagsSro.15(Zr18Tisz)Os thin
films.
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Fig. 2. SEM micrographs of sol-gel deposited: (a) Bagli®) Ba(ZngTig2)Os, and (c) BagsSro.15(Zr18Tig2)Os thin films.

sured at 1 MHz, with an AC field of 0.4 kV/cm superimposed
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The difference in the leakage current characteristics of

on a slowly varying DC bias field. The DC bias was stepped thin film is shown inFig. 6. It is indicated that the leakage
through 0.2V intervals and held 1s prior to capacitance current density of BggsSto.15Zr0.18Tio.g203 is higher than
measurement. The loss tangent measurements as a functiothat of BZT thin films. The leakage currents density of thin

of bias voltage gave curves of similar sharp to the tuning
curves in the range of low DC electric field. The dielectric
constant tunability of the films can be expresseds&3)(—
£(E))/e(0). The tunability of Ba.gsSto.15Zr0.18Tio.g203 thin
films is about 57%, at an applied field of 415kV/cm and
measurement frequency of 1 MHz. The values of dielectric
loss at 1 MHz ranged from-0.035 at zero bias t6-0.037

at 415kV/icm.
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Fig. 3. The dielectric constant and dielectric loss ofy B 15(Zr1s
Tig2)O3 thin films, as a function of frequency.
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Fig. 4. The dielectric constant and dielectric loss ofy B#r.15(Zr1s
Tig2)O3 thin films, as a function of temperature and frequency.
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200f films were single perovskite phase and had the (100) pre-
ferred orientation. The addition of Zr to the BaTGiGattice
decreased the grain size of the crystallized films and the mi-

160} crostructure became dense. The temperature dependent di-
w electric measurements revealed that the thin films have the
diffuse phase transition characteristics. The leakage currents
1201 density of thin films at 100 kV/cm was abouk20~* A/cm?

and the capacitor tunability of films was 57% at an applied
field of 415kV/cm and measurement frequency of 1 MHz.
200 200 0 200 400 It was observed that leakage currents increased asymmetri-
E (kV/cm) cally for the negative and positive bias voltage and the leak-
age current density of BasSry 15Zrp.18Tio 8203 is higher
0.045¢ than that of BZT thin films due to the fine grain structure
for the BZT thin films.
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Fig. 5. e—E characteristics of BgsSro 15(Zr18Tig2)O3 thin films at room
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Fig. 6. J-E characteristics of BgsSiy.15(Zr18Tig2)O3 thin films.

The Ba.gs5Sf.15Zr0.18Tio.g203 thin films were deposited
via sol-gel process on LaNgxoated silicon substrates. The
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