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In this study, K(Tay¢0,Nby.40)O3/K(Tag,Ta960)O; heterolayered thin films were fabricated by spin coating method. KTN
specimens were manufactured according to the number of coatings and were investigated in order to apply to cooling devices.
KTN heterolayered thin films showed a polycrystalline KTN X-ray patterns with some pyrochlore phase. For the six-layer
coated thin film of KTN, the values of dielectric constant, dielectric loss, remanent polarization and coercive field were 1423,
0.64, 19.94 nC/cm’ and 37.64 kV/em at 28 °C. When a voltage of 330 kV/cm was applied to the 3 times coated KTN films, the
electrocaloric property was 3 °C. When a voltage of 330 kV/cm was applied, the value of the electrocaloric temperature change
(AT of the three-layer coated thin film.
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Introduction magnetocaloric effect and thermoelectric effect have been
studied as technologies to replace vapor compression
Potassium tantalate niobate (KTN) material used in cooling technology. However, there is a limit to applying
this study is a solid solution of KTaO; and KNbOs;, the magnetocaloric effect due to the large and expensive
which has a perovskite structure. Since the advent of magnets, and the thermoelectric effect due to the low
worldwide lead regulations, KTN has been increasingly energy efficiency, while the cooling devices using
studied as a substitute for lead zirconate titanate (PZT). electrocaloric effect has high energy efficiency and can
K(Ta,Nb)Os forms a solid solution in all compositions be miniaturized [10, 11]. Also, studies have been actively
ranging from Ta:Nb and the curie temperature of KTN conducted since the release of studies that showed high
can be adjusted by controlling the Ta:Nb ratio [1-5]. It efficiency when made into a thin film in the electrocaloric
is known that it has good dielectric properties near the effect [12].
curie temperature (T,) [6, 7]. Electrocaloric effect (ECE) is a phenomenon in which
Also, KTN has been shown to have good dielectric a material shows a reversible temperature change under
and pyroelectric properties, along with an electro-optic an applied electric field [13-15]. Due to the significant
effect. Many studies have been conducted on KTN temperature dependence of polarization, perovskite
about its application to various fields due to its good structured ferroelectric materials have electrocaloric
dielectric, pyroelectric and electro-optic properties [8, effect (ECE), which can be used to manufacture solid
9]. In contrast, research for the application of the state cooling devices such as sensor, chip cooling and
electro-caloric effect of KTN material is rare, especially temperature control device in sensors.
in regard to the application of the electro-caloric effect So, this study investigated ferroelectric KTN(60/40)/
of thin films made of KTN material in the hetero-layer. KTN(40/60) thin films as an electro-caloric cooling
Therefore, it was judged that there is enough research devices. The thin films were fabricated by the Chemical
value for this study be done. Solution Deposition (CSD) method and the spin coating
Also, the most widely used cooling technology is method, and the structural and electrical properties
vapor compression cooling technology. Freon gas was were investigated according to the number of layers of
mainly used as a refrigerant in vapor compression coating (3, 4, 5, 6 times).
technology, but it has been banned worldwide as it causes
environmental problems. Accordingly, electrocaloric effect, Experiment
*%’f?efg;’ﬂ‘g“z’ééﬂ‘fb In this study, KOC,H;s (Sigma Aldrich, USA, 99%),
FZX; +82-55-772-1689 Ta(OC,Hs)s (Alfa aesar, USA, 99.999%), and Nb(OC,Hs)s
E-mail: Isgap@gnu.ac kr (Alfa aesar, USA, 99.999%) were used as the starting
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materials and 2-Methoxy Ethanol as the solvent.
2MOE (2-Methoxy Ethanol) was added to the KOC,Hs
and stirred until the powder was completely dissolved.
After, KOC,Hs was heated to 120 degrees in a N2
atmosphere, mixed with Ta(OC,Hs)s_ and heated again.
Finally, Nb(OC,Hs)s was added and refluxed at 120
degrees for 24 h. The coating solutions were spin
coated at 2,500 rpm for 30 sec on Pt(111)/Ti/SiO,/Si
substrate. Each layer was dried at 200 °C for 20 min,
and 400 °C for 20 min to remove the organic materials.
The KTN films were annealing at 750 °C for 2 h. The
crystal structures of thin films were confirmed by X-
ray diffraction (XRD) measurement. The surface and
cross section morphology were studied by the field-
emission scanning electron microscope (FE-SEM). For
electrical measurements, Pt-upper electrode with a
diameter of 500 um was deposited on the film by dc
sputtering method. Dielectric properties and polarization
hysteresis loops were analyzed using an LCR meter
(PM-6036, Fluke) and ferroelectric test system (RT66B,
NM, USA).

Results and Discussion

Fig. 1(a) shows X-ray diffraction (XRD) data of
K(Tag60Nbg 40)O3/K(Tag 40Nbg60)O; heterolayered thin
films. A homogeneous KTN XRD patterns with a
pyrochlore phase were shown in all specimens. As the
coating number increased, the lattice constant of
specimens decreased very slightly 3.983 A to 3.976 A.
Also, the intensity of XRD peaks also increased. This
crystallinity enhancement property is such that, as
coating number increased, the underlying coating layer
acts as a substrate, so that the crystallization of the
upper layer is much better due to a decrease in the
strain effect between the substrate and the thin films. In

49

the graph 1(b) showing 50-52 degrees, a small peak is
seen below 51 degrees in the 3 times coated KTN
films, while a peak can also be seen above 51 degrees
in the 4 times coated films. But, in the case of the 5 times
and 6 times coated KTN films, due to the underlying
layers affecting the crystal growth to the upper layers,
two intensities of the underlying layers appear to be
gathered in the middle and coexist.

Fig. 2 shows the surface microstructure (SEM) of the
K(TaO.éoNbo_40)03/K(T30.40Nb0.60)03 heterolayered thin
films. Pores gradually decreased as the coating number
increased. As the coating number increases, the grain
size increased. The surface image showed fine micro-
structures with large and small grains mixed together.

Fig. 3 shows the cross section microstructure (SEM)
of the K(Ta()_60Nb0_40)O3/K(T30_40Nb0_60)03 heterolayered
thin films. The average thickness of KTN thin films
was 364.3 nm, and the average thickness of one time
coated KTN thin film was about 80 nm. The interface
between the KTN heterolayered thin film and Pt
substrates was clearly observed. This is because ion
diffusion did not occur at the interface.

Fig. 4 shows the dielectric constant and dielectric loss
of the K(Tag¢oNby.40)O03/K(Tag40Nby )O3 heterolayered
thin films according to temperature changes. The dielectric
constant continuously decreased as the measured tem-
perature increased 10 °C to 100 °C, which means the
phase transition temperature was below the measurement
temperature. As the coating number increased, dielectric
constant gradually decreased and saturates at about
60 °C. Also, dielectric constant tended to decrease by
decreasing the number of KTN film coatings [15]. The
dielectric constant and loss at 6 coated KTN heterolayered
thin films were 877 and 0.534 at 28 °C, respectively.

Fig. 5 shows the hysteresis loops of the K(Tag ¢oNbg 40)O3
/K(Tag 40Nbyg 60)O; heterolayered thin films. The remanent
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Fig. 1. X-ray diffraction patterns of K(Tag 60Nbyg 40)O3/K(Tag.49Nbg 60)O5 heterolayered thin films.
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Fig. 2. FE-SEM surface images (x50,000) of K(Tag 6oNbyg 40)O3/K(Tag 40Nbg 60)O3 heterolayered thin films.

Fig. 3. FE-SEM cross-section images (x40,000) of K(Tag 60Nby.40)O3/K(Tag 40Nbg ¢0)O5 heterolayered thin films.

polarization and coercive field decreased as the
measured temperature was increased. In this hysteresis
loops of 3, 4 times coated KTN thin film, a ferroelectric
phase was observed up to 48 °C, but a paraelectric
phase was observed above 70 °C. Unlike this, in the

case of 5, 6 times coated film, a ferroelectric phase was
observed only up to 26 °C, and a paraelectric phase
was observed from 48 °C or higher. The dipole is
disordered by external thermal energy because of the
substrate suppress domain switching in the interface.
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Fig. 4. Temperature dependence of dielectric constant and dielectric loss of K(TaggNby 49)O3/K(Tag4Nby 60)O5 heterolayered thin films.
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Fig. 5. Hysteresis loops of K(Tag ¢oNbyg 40)O3/K(Tag 40Nbg 60)O;3 heterolayered thin films with variation of temperature.

The dipole of thin film is fixed. In this case, as the
number of coatings increases and the thickness of the
thin film is also increased, the effect of substrates
decreases, so a dipole can easily disorder with less
external thermal energy.

Fig. 6 shows the remanent polarization of the
K(Ta()_60Nb0_40)03/K(Tao_4oNb0_60)O3 heterolayered thin
films according to the number of KTN coatings and
temperature. In this graph, there is a part in which the

remanent polarization value rapidly decreases as this
part is shifted to a low temperature, while the number
of KTN coatings increases. As analyzed in Fig. 5, this
can be seen that the domain switching suppression
effect decreases as the number of KTN coatings increases.

Fig. 7 shows electrocaloric temperature change AT of
K(Tao,ﬁoNb0,40)O3/K(Tao_40Nb0_60)03 thin films aCCOfding
to the number of KTN coatings. The Electrocaloric
effect (ECE) of KTN heterolayer thin films were
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Fig. 6. Polarization of K(Tay ¢Nbg 40)O3/K(Tag 40Nby 60)O;3 heterolayered thin films with temperature changes.
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Fig. 7. Electrocaloric effects (T) of K(Tag 60Nbg 40)O3/K(Tag 40Nbg 60)O5 heterolayered thin films with variation of the temperature.
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Fig. 8 Electrocaloric responsivity of K(TaggNbp40)Os/
K(Tag 40Nbyg 60)O5 heterolayered thin films.

characterized by indirect measurements and the
temperature change was calculated using Maxwell’s
relation as the following equation (1).

-, #(57)
T IE, colr EdE (1)

Here, AT, C and p is temperature change of adiabatic
state, specific heat, theoretical density, respectively.
At all layers, it was observed that the value of the
electrocaloric properties increased as the applied voltage
increased, and the it had the hightest value of the
electrocaloric properties when the voltage of 331.9 kV/
cm was applied at the 3 times coated layers.

Fig. 8 shows Electrocaloric responsivity estimated at
different electric fields according to the Maxwell
relation. The maximum responsivity was obtained from
six coated KTN thin film at low temperature (-50 °C)
and three coated KTN thin film at high temperature
(50-70 °C).

Comparing the AT value with BaSrTiO (BST) [16],
which is the same lead-free materials with a perovskite
structure, BST has a value of about 0.7 K under the
same 330 kV/cm, whereas KTN has a significantly
larger value of about 3 K. In addition, according to the
electrocaloric responsivity, BST and KTN have a value
of 2.10 mKem/kV and 9.06 mKcm/kV, respectively,
which can confirms that KTN has a good electrocaloric
efficiency.

Conclusions

In this study, the heterolayered K(TaggNbg.40)Os/
K(Tag40Nbggo)Os thin films were fabricated by spin
coating method on Pt(111)/Ti/SiO,/Si substrates and
varying coating number. As the coating number increased,

the intensity of XRD peaks also increased. It was
observed that the lower KTN film affected the upper
KTN film’s crystallization. In all specimens, the
dielectric constant gradually decreased as the coating
number increased and saturates at about 60 °C. As the
thickness of thin films was increased, the remanent
polarization decreased sharply at low temperature. This
is because as the thickness of thin film is increased, the
effect of substrate decreases so the dipoles were more
easily rotated and rearranged. Electrocaloric temperature
change AT showed the maximum value of the ~3.03 °C
under an applied electric field of 331.9 kV/cm.

The electrocaloric effect using K(Ta,Nb)Oj; is environ-
ment-friendly cooling technology that does not use
harmful materials such as lead and refrigerants such as
Frogen gas. Also, since it is made of a thin film, it is
expected to be able to solve the problem of internal
heating of small devices that is currently in problem.
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