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Abstract The Barium zirconium titanate Ba(Zrg3Tig 7)O3
thin films were prepared on Pt/Ti/SiO,/Si substrates with
seed layers at the BZT/Pt interface by sol-gel process.
Microstructure and structure of thin films were examined.
Dielectric properties of thin films with various seed layers
thicknesses were investigated as a function of frequency
and direct current electric field. The tunability and dielectric
constant of BZT thin films increased with increasing seed
layer thickness from 0 to 20 nm, while it decreased with a
further increase in thickness above 20 nm, meanwhile, the
leakage current showed the similar tendency at applied
electric field of 250 kV/cm. The optimized seed layer
thickness for BZT thin films plays an important role in
maintaining the high tunability and low leakage current,
which are suitable for microwave device applications.
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Seed layers

1 Introduction

Barium titanate is the most common ferroelectric oxide in
the perovskite ABOj structure. Insulating BaTiO; is widely
used as a capacitor because of its high dielectric constant.
In order to increase the tunability of the dielectric constant
under a biasing field and to reduce the dielectric loss
tangent at low frequencies, Sr or Zr was used as an addition
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[1, 2]. The high dielectric constant value combined with
low dissipation factor makes (Ba;_,Sr,)TiO; (BST) one of
the promising candidates for dynamic random access
memory (DRAM) applications. Recently, Ba(Zr, Ti;—,)O3
has been chosen as an alternative to BST in the fabrication
of capacitors because Zr*" is chemically more stable than
Ti*"and has a larger ionic size to expand the perovskite
lattice. [3—-10]. Therefore, the conduction by electron
hopping between Ti*" and Ti*", if any, would be depressed
by the substitution of Ti with Zr.

Various factors, such as the lattice mismatch and differ-
ences in thermal expansion between the film and the
substrate, affect the microwave dielectric properties of thin
films. It was reported that seed layers deposited between
substrate and BST thin films could reduce the effects of
these factors and the dielectric properties of BST thin films
were improved. The effect of seed layers thickness on
dielectric properties of BST thin films has also been studied
[11]. But the effect of seed layers on BZT thin films was
not studied up to the present.

In this study, seed layers having the same composition as
the main layer [Ba(Zry;Tig7)O3] were deposited on Pt/Ti/
Si0,/Si substrates and annealed at 700 °C for 10 min each
time. Improvements in dielectric properties were examined
through the correlation between the microstructure and
dielectric properties of the main BZT layers deposited on
various thicknesses of seed layers.

2 Experimental
The calculated amount of barium acetate [Ba(CH3COO),],
zirconium (IV) isopropoxide [Zr(OCs;H,),] and titanium

(IV) isopropoxide [Ti(OC5H5),] were used as raw materials
to prepare BZT precursor sol. Acetic acid, ethylene glycol
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monoethyl ether and Acetylacetone were used as solvent
and polymerizing agents, respectively. Barium acetate was
heated and dissolved in acetic acid. After cooling to room
temperature, Zr(OC3H,), and Ti(OC3;H,), were added in
this solution. The ethylene glycol monoethyl ether and
Acetylacetone were added to control the viscosity and
cracking of films and the solution was mixed and refluxed
for 1 h. The concentration of the final solution was adjusted
to 0.3 M. Then the hydrolyzed solution was aged for 24 h.
Ba(Zr0.3Ti0.7)O5 seed layers, at various thicknesses, were
deposited on Pt/Ti/SiO,/Si substrates and then crystallized
at 700 °C. The main BZT thin films were deposited on the
seed layers by spin coating at 3,000 rpm for 20 s for each
layer. The wet films were dried and annealed at 600 °C for
10 min. Finally thin films were crystallized at 700 °C for
30 min. The total thickness of 400 nm including seed layers
was achieved by repeating the spin-coating-drying-annealing
process.

The crystalline phase of the thin films was identified by
X-ray diffraction (BRUKER D8 Advance diffractometer).
The surface morphology of the films was studied using
field-emission scanning electron microscopy (FEI Quanta
200 FEG). For the electrical measurements the top gold
electrode 500 pm square was deposited by DC-sputtering.
The current-voltage (I-V) characteristics were measured
using a Keithley 6517A. The capacitance-voltage (C-V)
and capacitance-frequency (C-f) were measured using an
Agilent 4284A LCR meter.

3 Results and discussion

The X-ray diffraction patterns of the Ba(Zry3Tiy7)O3 thin
films with various seed layers thicknesses annealed at 700 °C
are shown in Fig. 1. The X-ray patterns indicate that the
samples are perovskite and polycrystalline structure irrespec-
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Fig. 1 X-ray diffraction patterns of BZT thin films with various seed
layer thicknesses (@) 0 nm, (b) 10 nm, (¢) 20 nm, (d) 40 nm, (e¢) 90 nm
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Fig. 2 Surface morphologies of BZT thin films deposited on seed
layer of (a) 0 nm, (b) 10 nm, (¢) 20 nm and (d) 90 nm in thickness

tive of BZT seed layer thickness and can be characterized by
the appearance of (100), (110), (200), (210) and (211) peaks
in the XRD spectra. The polycrystalline nature in these thin
films is due to a lattice mismatch between BZT thin film and
the Pt/Ti/SiO,/Si substrates [12].

Figure 2 shows the surface morphological features of
BZT thin films as revealed by the FESEM observations.
The surface morphological features of the films appeared to
be quite sensitive to the seed layer thickness. Through an
analysis of these FESEM images, we have observed that
BZT thin film with 20 nm seed layer in thickness reached a
maximum in average grain size and became densest and
smoothest in these thin films. The variation of grain
morphologies was mainly controlled by the nucleation and
growth rate, while the growth characteristics of BZT thin
films deposited on seed layers below a 20-nm thickness
was mainly influenced by Pt bottom electrode and the effect
of seed layers gradually disappeared above 20-nm thickness
because the BZT bulk characteristics appeared and in-
creased above a critical thickness [11].

The dielectric properties of the BZT thin films in a
Metal/Insulator/Metal (MIM) configuration were measured
at room temperature as a function of the applied frequency
and voltage. Figure 3 shows the evolution of the dielectric
constant and loss tangent as a function frequency for the
BZT films with various seed layer thickness. It can be seen
that a slight decrease in dielectric constant with increasing
frequency in the range of 1 kHz to 1 MHz. And above
200 kHz a rapid increase in the loss tangent can be
observed. Ba(Zr( 3 Tiy 7)O3 thin films is paraelectric at room
temperature and do not possess any ferroelectric properties
[13]. Therefore, spontaneous polarization cannot be gener-
ated at room temperature. Since there are no domain walls
in these films, a ferroelectric dispersion cannot occur.
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Fig. 3 Room temperature dielectric constant and dielectric loss of
BZT thin films with different seed layer thickness as a function of the
measuring frequency

Therefore, a slight decrease in dielectric constant and
increase in loss tangent at higher frequencies can be also
observed. This behavior originates from the contact resis-
tance and finite sheet resistance of both the bottom and top
electrodes [14].

Dielectric constant and tunability as a function of seed
layer thickness are given in Fig. 4. It can be seen that the
value of the dielectric constant increased with increasing
seed layer thickness up to 20 nm, while it decreased with a
further increase in thickness above 20 nm at the measure-
ment frequency of 100 kHz. The dielectric tunability
showed the similar tendency at the frequency of 100 kHz
and applied electric field of 250 kV/cm. In general, the
tunability is roughly proportional to the dielectric constant.
A material with higher dielectric constant possesses larger
tunability [15]. The dielectric constant and tunability
showed a maximum of 414 and 36.8%, respectively, at a
seed layer thicknesses of 20 nm. This behavior is in good
agreement with previous results by FESEM measurements
that BZT thin film with 20-nm thickness seed layer reached
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Fig. 4 Room temperature dielectric constant and tunability of BZT
thin films as a function of seed layer thickness at the measurement
frequency of 100 kHz
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Fig. 5 The characteristics of the J-E curves for BZT thin films with
different seed layer thickness obtained at room temperature

a maximum in average grain size. Internal compressive
stress occurs to a lesser extent in thin films with larger grains
because of the lower concentration of grain boundaries and
the direct effect of compressive stress may be the shift of the
ionic positions in a unit cell and this causes the change in
polarization, while the compressive stress decreases the
dielectric constant of thin films [16, 17].

Figure 5 shows the leakage current-electric field character-
istics of BZT thin films at room temperature. It can be found
the current decreased to a minimum of 8.7x 10~ A/em? with
increasing in seed layer thickness to 20 nm at applied electric
field of 250 kV/em for BZT thin films. Then current
increased with a further increasing in seed layer thickness
above 20 nm. This behavior is due to that the microstructure
BZT thin film with 20 nm seed layer in thickness was
densest and smoothest in all thin films (showed in Fig. 2)
and BZT thin films deposited on seed layers below a 20-nm
thickness was mainly influenced by Pt bottom electrode and
the BZT bulk characteristics appeared and increased while
above 20-nm thickness. The leakage current characteristics
are distinctly different in positive and negative electric field
regions. It can be seen from Fig. 5 that the reverse currents at
negative bias regions are much different from forward
currents at positive bias regions. The different reverse
currents might be caused by generation of a different amount
of oxygen vacancy at top AuwBZT interface and at the
bottom Pt/BZT interface [18].

4 Conclusions

The BZT thin films were prepared by sol—gel technique. The
XRD patterns reveal that the samples are polycrystalline and
single phase. FESEM analyses show that BZT thin film with
20-nm thickness seed layer reached a maximum in average
grain size and became densest and smoothest in these thin
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films. The dielectric constant and tunability showed a
maximum of 414 and 36.8%, respectively, at a seed layer
thicknesses of 20 nm, and its leakage current also reached a
minimum of 8.7x10°® A/em? at applied electric field of
250 kV/cm. These results indicated that the optimized seed
layer thickness for BZT thin films plays an important role
in maintaining the high tunability and low leakage current,
which are suitable for microwave device applications.
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