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Abstract. The Ba(Zr 35Tige5)O3 (BZT) thin films were deposited via sol-gel process on LaNiO3-coated silicon
substrates. XRD showed that the crystallinity of BZT film grown on LaNiOj3 coated silicon substrates is better than
that of BZT film grown on Pt. Both films showed perovskite phase and polycrystalline structure. The temperature
dependent dielectric measurements revealed that the thin films had the relaxor behavior and diffuse phase transition
characteristics. The capacitor tuning was about 44% for each BZT film grown on LaNiO3/Pt and Pt electrodes
at 1 MHz. Especially, the values of dielectric loss at 1 MHz ranged from ~0.02 to 0.009 in the bias range of 0
to 514 kV/cm, respectively. The leakage currents density of thin films grown on LaNiO3/Pt and Pt electrodes at
300 kV/cm was about 8.5 x 1077 and 1.1 x 10~ A/cm?, respectively. This work demonstrates a potential use of
BZT films for application in tunable microwave devices.
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1. Introduction

For a larger number of lead-free BaTiO3-based ceram-
ics depending on the composition, some of them exhibit
a relax behavior whose characteristics were related to
the type of ionic substitutes and to substitution rate
[1-4]. Zr is of interest because a different character of
dielectric response with respect to the ferroelectric-to-
paraelectric phase transition can be achieved by the
substitution of Zr for Ti in BaTiOs. The Zr** ion
(atomic radius of 86 pm) is chemically more stable
than the Ti** (atomic radius of 74.5 pm) and has a
larger ionic size to expand the perovskite lattice. There-
fore, barium zirconium titanate Ba(Zr, Ti;_, )O3 (BZT)
materials exhibits several interesting features in the di-
electric behavior of BaTiO3 materials. For the highest
values of x > 0.27 there was only one broad peak in
the dielectric constant at Ti,,x with frequency disper-
sion for T < Tax and an increase of Tp,x when fre-
quency increased, thus exhibiting typical relaxor-like
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behavior. Lead-free composition in these materials
could prove valuable for capacitors, actuators and dy-
namic random access memory application because they
are environment-friendly.

In this paper, we reported the results of the inves-
tigation of microstructure and dielectric behavior of
the BZT films grown on LaNiO; as a buffer layer on
Pt/Ti/Si0,/Si substrates. The electric properties of the
BZT films were studied as a function of frequency,
temperature and electric field.

2. Experimental Processing

The barium acetate [Ba(CH3COO),], zirconium iso-
propoxide [Zr(OCsH7)4], and titaniun isopropoxide
[Ti(OC3H7)4] were used as starting materials. Acetic
acid was used as a solvent. Ba(CH3COQ),was heated
and dissolved in acetic acid. After cooling to room
temperature, Zr(OC3;H7)4 and Ti(OC3H7)4 were added
in the solution. Ethylene glycol [CH,OHCH,OH] was
added to control the viscosity and cracking of films;
the solution was mixed and refluxed for 1 h. The
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concentration of the final solution was adjusted to
about 0.1 M. After aging the hydrolyzed solution
for 24 h, thin-film deposition was carried out on
the LaNiO53/Pt/Ti/Si0,/Si(100) and Pt/Ti/Si0,/Si(100)
substrates by spin coating at 3000 rpm for 30 s each
layer.

The thickness of LaNiO3 (LNO), Pt, Ti, and SiO,
were 150, 150, 50, and 150 nm, respectively. The LNO
layer was prepared by magnetron sputtering. Before
spin coating of the BZT, the LNO covered substrates
were annealed at 800°C for 30 min to promote grain
growth. Each spin-coated BZT layer was subsequently
heat treated at 500°C for 5 min. The coating and heat
treatment procedures were repeated several times until
reaching the desired thickness. The BZT films with the
thickness of 350 nm were grown in this study.

The crystalline phase of the thin films was iden-
tified by X-ray diffraction (SIEMENS D-500 pow-
der diffractometer). The film thickness and the sur-
face morphology were determined by FESEM. For
the electrical measurements, a top gold electrode of
400 x 400 pum? in square was deposited by DC-
sputtering. The current-voltage (I-V) characteristics
were measured by a HP 4140B. The capacitance-
voltage (C-V) and capacitance-frequency (C-F) char-
acteristics were measured using an Agilent4284A LCR
meter.

3. Results and Discussion

Figure 1 shows the XRD patterns for the BZT thin
films. It is evident that the BZT films are polycrys-
talline and perovskite phase when deposited on the two
kinds of substrates. At the same annealing temperature,
the films deposited on the LaNiO3/Pt/Ti/Si0,/Si(100)
substrate tend to show better crystallinity. It was
seen that when the films are deposited on the
LaNiO3/Pt/Ti/Si0,/Si(100) substrate, (100) and (200)
peaks were similar in intensity to the (110) peak. For the
films deposited on the Pt/Ti/SiO,/Si(100) substrates,
the (100) and (200) peaks are nearly absent. The growth
behavior and orientation of crystallites can be influ-
enced by several factors: lattice match or mismatch
with substrate, regular defects on the surface of the sub-
strate, surface and interfacial energies, etc. The (100)
orientation of the LaNiOj; layer and the good match of
the lattice constants between LaNiO3 and BZT could
be the reasonable interpretations for the enhanced (100)
and (200) BZT peaks.
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Fig. 1. XRD patterns of sol-gel deposited BaZr 35 Tig 6503 thin films
on (a) LaNiO3/Pt/Ti/Si0,/Si(100) and (b) Pt/Ti/Si0,/Si(100) sub-
strates.

Figure 2 shows SEM images of the sol-gel de-
posited BaZr( 35Tip 6503 thin films on (a) LaNiO3/Pt/
Ti/Si0,/Si(100), (b) Pt/Ti/Si0,/Si(100) substrates,
(c) cross sectional morphology of (a) and (d) cross sec-
tional morphology of (b). As shown in Fig. 2, BZT
thin films deposited on the Pt/Ti/Si0,/Si(100) sub-
strate have a grain size smaller than 30 nm. The
morphologies of the BZT thin film deposited on the
LNO/Pt/Ti/Si0,/Si(100) substrate shown in Fig. 2(a)
show grain size of 30-50 nm. Compared with the thin
films deposited on Pt/Ti/SiO,/Si substrate, the BZT thin
films could be crystallized at lower temperature as de-
posited on the LNO-buffer Pt/Ti/SiO,/Si substrates [5].
Therefore, crystallization may start at lower tempera-
ture, resulting in a larger grain size for the same heat
treatment conditions.

The dielectric constant and dielectric loss of BZT
thin films as a function of temperature is shown in
Fig. 3. One broad peak was obviously observed in the
dielectric constant at transition temperature (7., de-
noted by the peak temperature of the dielectric constant
maxima) with frequency dispersion for T = Ty, the
position of Ty slightly increased as the frequency in-
creased. The temperature dependent dielectric constant
is significantly different from that of the bulk material.
The dielectric constant versus temperature curves for
the films is much broader than that of the bulk ceram-
ics. The phase transition was diffused in nature, which
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Fig. 2. SEM micrographs of sol-gel deposited BaZry 35Tip 6503 thin films on (a) LaNiO3/Pt/Ti/SiO»/Si(100) and (b) Pt/Ti/SiO,/Si(100) sub-

strates, (c) cross sectional morphology of (a), and (d) cross sectional morphology of (b).
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Fig. 3. The dielectric constant and dielectric loss of BZT thin film deposition on (a) LaNiO3/Pt/Ti/SiO,/Si(100) and (b) Pt/Ti/SiO,/Si(100)
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occurred between —100°C and —20°C. The transition
temperature of BZT films grown on LaNiOs/Pt and
Pt electrodes is about —66°C and —45°C at 100 kHz,
respectively. The transition temperature of BZT films
grown on Pt electrode is obviously higher than the bulk
transition temperature (—63°C at 100 kHz [2]). Sim-
ilar phenomenon was reported in BST and BZT thin
film [6, 7]. The shifts of transition temperature in films
could be attributed to the strain accumulated within
the BZT films. Films strain can originate from sev-
eral sources including the deposition process, lattice
mismatch, and thermal expansion mismatch between
substrate and thin film. The broadening of transition
temperature in thin films was due to the fine grained
structure [8] and unrelaxed growth strain [6, 9]. As
shown in Fig. 3(b), the peaks of dielectric loss were
notobserved in BZT films grown on Pt/Ti/Si0,/Si(100)
substrate due to fine grain size.

Figure 4 shows the dielectric constant as a function
of applied DC bias field for BZT thin films at room
temperature and the frequency range of 1-1000 kHz.
The results were similar to that of BST material [10].
The dielectric constant of BZT thin films deposited
on LaNiO3/Pt and Pt electrodes showed DC bias de-
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pendent dielectric constant behaviors. At the applied
electric field of 514 kV/cm, tuning of BZT films grown
on LaNiO3/Pt and Pt electrodes were about 44%. The
dielectric loss of BZT films grown on LaNiOs/Pt and
Pt electrodes at 1 MHz ranged from ~0.02 to 0.009 in
the bias range of 0 to 514 kV/cm (18 V), respectively.
The loss tangent measurements as a function of bias
voltage showed similar behaviors with that of tuning
curves.

The difference in the leakage current characteristics
of BZT thin film shown in Fig. 5 indicates the change
of current density J versus applied DC electric field
E of the films measured at room temperature. It is seen
that the leakage current density of the BZT thin film
deposited on the LaNiO3/Pt/Ti/Si0,/Si(100) substrates
is about 1 order of magnitude lower than that for the
BZT thin film deposited on the Pt/Ti/SiO,/Si(100) sub-
strates. The current density increases linearly with the
applied DC electric field in the range of higher elec-
tric field up to 420 kV/cm. It is generally known that
the leakage often abruptly turns up in orders of mag-
nitude as the applied voltage exceeds a critical field
of several hundreds kV/cm, and there was a nonlin-
earity observed in the range of high electric field [11].
The leakage currents density of thin films grown on
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Fig. 4. ¢-E characteristics of BZT thin films deposition on (a) LaNiO3/Pt/Ti/SiO»/Si(100) and (b) Pt/Ti/SiO,/Si(100) substrates.
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Fig. 5. J-E characteristics of BZT thin films deposition on (a) LaNiO3/Pt/Ti/SiO»/Si(100) and (b) Pt/Ti/SiO,/Si(100) substrates.

LaNiO3/Pt and Pt electrodes at 300 kV/cm was
about 8.5 x 1077 and 1.1 x 10> A/cm?, respec-
tively. In the BZT thin films, the low and sta-
ble leakage current was maintained. This is possi-
ble because the substitution of Ti with Zr would
depress the conduction by electronic hoping be-
tween Ti*T and Ti’*, and it would also decrease
the leakage current of the BaTiO; thin film system.

The leakage current characteristics are also differ-
ent in the positive and negative voltage region. The
different of reverse currents might be caused by the
different top electrode (Au/BZT) and bottom electrode
(LNO/BZT or Pt/BZT) work functions in the two in-
terfaces. It implies that the leakage current is electrode
limited [12, 13]. Therefore, if these potential barri-
ers were identical at the interfaces of electrode and
films, then the J - E characteristics would be symmetric.

4. Conclusion

The BaZrj35Tip 6503 thin films were prepared on
LaNiOs/Pt and Ptelectrodes substrates by sol-gel meth-
ods. The films were single perovskite phase. From
the temperature dependent dielectric measurements,
one can conclude that the thin films have the re-
laxor behavior and diffuse phase transition character-
istics. The capacitor tuning was about 44% for each
BZT film grown on LaNiOs/Pt and Pt electrodes at
1 MHz. Especially, the values of dielectric loss at 1
MHz ranged from ~0.02 to 0.009 in the bias range
of 0 to 514 kV/cm, respectively. The low and sta-
ble leakage current was maintained in the range of
higher electric field. This work clearly reveals the

highly promising potential of BZT to replace BST
films for application in tunable microwave devices.
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