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Heterolayered potassium tantalate niobate(KTN(70/30)/KTN(30/70)) thin films on Pt/Ti/SiO2/Si substrates prepared by the sol-
gel process and spin coating method. When sintered at 700 oC or higher, the X-ray diffraction intensities of the perovskite
phase were greatly increased, and it was observed as the main phase of the KTN heterolayered thin film. As the sintering
temperature increased from 650 oC to 800 oC, the average grain size increased from 146nm to 380 nm, and the average
thickness of the KTN films coated six times was about 394-441 nm. Dielectric constant and dielectric loss of the KTN film
sintered at 750 oC and room temperature showed good properties of about 2850 and 0.573, respectively, and all films exhibited
the typical dielectric relaxation characteristics. The phase transition temperature of KTN thin film was around 12-13 oC.
Remanent polarization and the coercive field of KTN film sintered at 750 oC showed excellent properties of 23.98 μC/cm2 and
35.41 kV/cm, respectively. Adiabatic temperature changes (ΔT) and electrocaloric strength of the KTN films sintered at 750 oC
at 60 oC were 2.67 oC and 0.012 KcmkV-1, respectively.
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Introduction

When an electric field is applied to a ferroelectric
material under adiabatic condition, the entropy and
temperature in the material changes with the change of
polarization, and this is known as the electrocaloric
effect (ECE) [1]. The ECE has high energy efficiency,
and has the advantage of being eco-friendly. It is
expected to be applied as a potential alternative cooling
device for small electronic devices and parts. Reversible
adiabatic temperature change (ΔT), due to the applied
field ΔE, is calculated from the following equation [2]:

(1)

where, C is the specific heat, ρ is the density, E1 is the start
electric field, E2 is the final electric field, and 
is the pyroelectric coefficient, respectively. Indirect
measurement of the ΔT are often based on Eq. (1).

Considerable EC effects (ΔT = 12 K) in PZT (95/5)
thin film was reported [3] and many studies on ECE
materials and devices have been conducted.

However, PZT-based ferroelectric materials exhibiting

excellent EC effects are difficult to use at room
temperature because their Curie temperature is higher
than 240 oC.

Ferroelectrirc KTN (KTa1-xNbx)O3) material with
perovskite crystal structure is well known as a
ferroelectric material with an excellent electro-optical
effect [4,5]. Additionally, Curie temperature depends
on the composition ratio of Ta and Nb, and varies from
0K for KTN(100/0) to 710 K for KTN(0/100) [6].
Therefore, KTN is attracting attention as an ECE
material because it is possible to adjust the phase
transition temperature to around room temperature by
controlling the composition ratio of KTaO3 and KNbO3.

In previous studies, we investigated the structural and
electrical properties of Pb(Zr1-xTix)/Pb(ZrxTi1-x) and
Pb(Zr,Ti)O3/BiFeO3 heterolayered thin films in which
films of different compositions and crystal structures
are alternately stacked. It was observed that the structural
and ferroelectric properties of the heterolayered films
improved as the lower layer affected the crystallization
of the upper layer during the annealing process [7,8]. In
this study, in order to fabricate KTN heterolayered thin
film having a phase transition temperature near room
temperature, KTN(30/70) film and KTN(70/30) film
having cubic and orthorhombic crystal structures, re-
spectively, were alternately stacked. Remanent polarization
and coercive field for KTN heterolayered thin films are
higher than those of single composition KTN (65/35)
and KTN (73/27) films. Also, structural and electrical
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properties according to the sintering temperature were
observed in order to investigate the possibility of
application to Pb-free EC material.

Experimental

All reactions and manipulations were carried out
under dry nitrogen using a glove box and standard
Schlenk techniques. The process of this synthesis is
similar to our previous report [9]. KTN precursor solutions
were fabricated using tantalum ethoxide (C10H25TaO5),
niobium ethoxide (C10H25NbO5) and potassium ethoxide
(KOCH2CH3) as raw materials, similarly as in Ref. [9].
2-Methoxyethanol (CH3OCH2CH2OH) was selected as
the solvent. 10 mol% of excess potassium ethoxide was
added to compensate for the expected alkali losses
during the heating of the films. In the process of thin
films, dusts and impurities were removed firstly from
the solution by a 0.3 μm syringe filter. KTN heterolayered
thin films were grown on Pt/Ti/SiO2/Si substrates by
spin coating method. First, KTN (70/30) solution was
deposited on the substrate, and then was dried at
200 oC for 5 min. After, it was pre-annealed at 400 oC
for 15 min to pyrolyze the residual organic compounds.
KTN (30/70) solution was deposited on the obtained
KTN (70/30) film and dried then pre-annealed under
the same conditions. This process was repeated 6 times,
and the KTN heterolayered thin film was fabricated
with sintering time and temperature of 650~800 oC and
1h, respectively. In order to observe the structural
characteristics of KTN heterolayered films, X-ray
diffraction analysis and microstructure were observed.
Using film ferroelectric tester RT-66B (Radiant Tech.
USA), polarization-electric field (P-E) hysteresis properties

according to temperature and applied electric field
were observed. The possibility of application as EC
devices was investigated.

Results and Discussion

Fig. 1 shows the X-ray diffraction patterns with
variation of the sintering temperature of the KTN
heterolayered thin film. As the sintering temperature
increased from 650 oC to 800 oC, it was observed that
the intensities of X-ray diffraction peaks and FWHM
(full width at half maximum) decreased, thereby
improving the crystallinity. K2Ta2O5 pyrochlore phase
near the diffraction angle 2θ = 29o showed a tendency
to decrease with an increase in the sintering temperature,
but was also observed in the specimen sintered at 800 oC.
In the KTN films sintered at 650 oC, the pyrochlore
phase was observed as a major phase, however, above
700 oC, the diffraction intensities of the perovskite
phase increased significantly and was observed as a
major phase. In general, the pyrochlore phase is
crystallized at a lower temperature than the perovskite
phase, and the pyrochlore phase has a stable oxide

crystal structure at room temperature. It also does not
change into a perovskite phase or disappear completely
even when the sintering temperature increases. Although
not shown in this paper, KTN films sintered at 850 oC
which is the K-deficient pyrochlore phase, their
composition might be Ta2O5 · nKTaO3 (n = 2, 3, 4)
(ASTM 12-92, 31-1098, 21-687), rapidly increased due
to volatilization of K ions. KTN (30/70) and KTN (70/
30) materials have orthorhombic and cubic structures at
room temperature, respectively [10]. However, all KTN
heterolayered thin films showed a polycrystalline
crystal structure with no preferred orientation, which is
because the lower KTN films with different crystal
structures influenced the crystallization of the upper

films during the annealing process.
Fig. 2 shows surface and cross-sectional microstruc-

ture with variation of sintering temperature of the KTN
heterolayered thin film. As the sintering temperature
increased from 650 oC to 800 oC, the average grain size
increased from 146nm to 380nm, and showed a dense
structure. However, in the case of the films sintered at
650 oC and 800 oC, some pores were observed, which
is thought to be due to incomplete grain growth due to
the low sintering temperature and volatilization of K-
ions due to excessive sintering temperature, respectively.
Average thickness of KTN films was about 394-441
nm and showed a uniform and flat cross-sectional
structure. Interface between KTN (30/70) films and
KTN (70/30) films could not be observed, which is
believed to be due to the small heterogeneity between
the interfaces due to the same crystalline structure and
same K, Nb, Ta constituent elements.

Fig. 3 shows relative dielectric constant and dielectric
loss with variation of temperature of KTN heterolayered
films. Dielectric constant increased with increasing the
sintering temperature, showing the highest value in the
film sintered at 750 oC before decreasing at 800 oC.
This is because the pyrochlore phase and pores decreased,

Fig. 1. X-ray diffraction patterns with variation of the sintering
temperature of the KTN heterolayered thin film.
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Fig. 2. Surface and cross-sectional microstructure with variation of sintering temperature of the KTN heterolayered thin film.
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and the ferroelectric grain size increased with the
increase in sintering temperature, as observed in Fig. 1
and 2. Curie temperatures of KTN (30/70) and KTN
(70/30) materials are 230 oC and –25 oC, respectively
[11]. However, KTN heterolayered films fabricated in
our study exhibited a phase transition temperature of
about 12-13 oC. This is because thin films with different
structural and electrical properties are repeatedly stacked
together, so that the lower layer affects the crystallization
of the upper layer when the specimen is sintered. It is
believed to be due to the formation of the interfacial
layers due to the diffusion of Ta and Nb ions [12].
KTN films sintered at 650 oC exhibited high dielectric
loss due to the distribution of the pyrochlore phase and
the formation of an incomplete crystal phase. Dielectric
constant and dielectric loss at room temperature of the
KTN films sintered at 750 oC were about 2,850 and
0.573, respectively.

Fig. 4 shows dielectric constant and dielectric loss
according to the frequency of KTN heterolayered films.
All KTN films exhibited typical dielectric relaxation

characteristics in which the dielectric constant decreases
as the frequency increases, and, the dielectric constant
decreased significantly in the high frequency region.
This is thought to be due to the formation of space
charge polarization due to the diffusion of ions and
lattice mismatch at each interface as the heterolayered
structure was fabricated using KTN films with different
compositions ratio and crystal structures [12].

Fig. 5(a) shows P-E hysteresis loop and 5(b) shows
remanent polarization and coercive field with a variation
of the sintering temperatures of KTN heterolayered
film sintered at 700 oC. Remanent polarization and
coercive field increased as sintering temperature increased
and showed a maximum value in the KTN film sintered
at 750 oC. These properties are due to the decrease of
the pyrochlore phase and the increase of average grain
size due to an increase of the sintering temperature.
The ferroelectric properties of KTN films sintered at
800 oC decreased due to the formation of depolarizing
field by pores. Also, remanent polarization and coercive
field for KTN heterolayered thin films are higher than

Fig. 3. Relative dielectric constant and dielectric loss with variation of temperature of KTN heterolayered films.

Fig. 4. Dielectric constant and dielectric loss according to the frequency of KTN heterolayered films.
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those of single composition KTN(65/35) (Pr = 2.8 μC/
cm2, Ec = 5.0 kV/cm) and KTN(73/27) (Pr = 7.5 μC/cm2,
Ec = 2.8 kV/cm) films [13, 14]. KTN heterolayered thin
films sintered at 750 oC shows the remanent polarization
of 23.98μC/cm2 and coercive field of 35.41kV/cm.

Fig. 6 shows remanent polarization of the KTN
heterolayered films according to the temperature and
applied electric field. As the applied electric field

increases, the temperature at which the polarization
decreases moved higher, which is believed to be because
the applied DC electric field inhibits the switching of
dipoles and induces the forced polarization arrangement.
Under an electric field of 225 kV/cm, the temperature
at which the polarization begins to decrease rapidly is
about 40 oC in KTN films sintered at 650 oC and
800 oC, and at about 47 oC in KTN films sintered at

Fig. 5. (a) P-E hysteresis loop and (b) Remanent polarization and coercive field with a variation of the sintering temperatures of KTN
heterolayered film sintered at 700 oC.

Fig. 6. Remanent polarization of the KTN heterolayered films according to the temperature and applied electric field.
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700 oC and 750 oC. As discussed in the structural
characteristics, KTN films sintered at 650 oC and
800 oC exhibited a property of decreasing polarization

at low temperatures because the formation of depolarizing
field due to the pyrochlore phase and pores.

Fig. 7 shows the adiabatic temperature change (ΔT)

Fig. 7. Adiabatic temperature change (ΔT) and Electrocaloric strength (|ΔT/ΔE|) of KTN heterolayered thin films with a variation of
temperature.
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of KTN heterolayered thin films with a variation of
temperature. ΔT increased with an increasing of the
sintering temperature, and the highest value, 2.67 oC,
was obtained in the KTN film sintered at 750 oC.
Furthermore, in all KTN films, the maximum ΔT
values occurred at about 60-65 oC higher than the Curie
temperature. This is because, at a slightly higher tempera-
ture than the phase transition temperature, ferroelectric
phase and paraelectric phase coexist and the dipole is
easily switched by the application of the temperature
and electric field. In general, in order to apply the
electric caloric effect as a cooling element, an excellent
electric caloric effect or an operation near room tem-
perature is required. Usually excellent ΔT properties at
near room temperature are required in order to apply
the cooling devices. However, substantial EC properties
have been observed in PZT-based materials having a
high phase transition temperature of above 240 oC
[3, 15]. But, EC strength (|ΔT/ΔE| [16]) of the KTN
heterolayered film sintered at 750 oC was about 0.012
KcmkV−1 at 60 oC, which is almost two times larger
than that (about 0.0064 KcmkV−1) obtained in BNT-
0.1BT thin films at 50 oC [17]. Therefore, by controlling
the interface characteristics and the applied field of
KTN heterolayered thin films, we can get the giant EC
coefficient at around room temperature, which may
provide the potential for practical application.

Conclusions

In summary, KTN heterolayered films were fabricated
by alternately stacking KTN (30/70) and KTN (70/30)
films having cubic and orthorhombic structures,
respectively. In the KTN films sintered at 650 oC, the

pyrochlore phase was observed as a major phase,
however, above 700 oC, the diffraction intensities of the
perovskite phase increased significantly and was
observed as a major phase. KTN heterolayered thin
films showed a polycrystalline crystal structure with no
preferred orientation, which is thought to be because
the lower KTN films with different crystal structures
influenced the crystallization of the upper films during
the annealing process. Also, remanent polarization and
coercive field for KTN heterolayered thin films are
higher than those of single composition KTN (65/35)
and KTN (73/27) films. This is thought to be due to the
formation of space charge polarization due to the
diffusion of ions and lattice mismatch at each interface
as the heterolayered structure was fabricated using
KTN films with different compositions ratio and crystal

structures. In all KTN films, the maximum ΔT values
occurred at slightly higher temperature than the Curie
temperature. This is believed to be because, at around
this temperature, the ferroelectric phase and paraelectric
phase coexist, and the dipole is easily switched by the
application of the temperature and electric field.
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