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Abstract

In this study, the domain orientation controlled KNbé&nd (K,Na)NbQ@ ceramics were fabricated from hydrotherr
powders using single crystal SrTig{100) substrate as a template. Putting the hydrothermal powders of ;KiNH®,
Na) NbG; on the template, powders were heated up to over 1000 degrezdelw hours. After cooling down with tt
cooling rate of 1-2 degrees/minute, the domain orientation comtriébO; or (K,Na)NbG; ceramic was obtained. Tt
XRD measurement, the electrical property measuremth@ssurface observation using AFM (Atomic Force Microsce
and ferroelectric domain observation using PFM (Piezoresponse Miccescope) were performed to confirmet
orientation control.
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Introduction KNbO;powders. The (K,Na)Nbfpowders were prepare
In recent years, concern about an environmental problem PY mixing KNbO; and NaNbQ powders after obtainin
is increasing worldwide. Therefore, in the field of them by hydrothermal synthesis. In NaNbowders,
piezoelectric materials, the research and the development USing NaOH and Ni©s as starting materials, 24 hot
of lead-free piezoelectric materials are actively studied. Synthesis were performed at 210 degrees. KiNhod
Especially, the KNb@and the (K,Na)Nb@ceramics get a Nal\_le p_owders were mixed using ball mill, for sm_al\
lot of attention, due to their excellent piezoelectric Particle size. On the other hand, KNpwders, using
properties [1]. Additionally, it has been reported that the KOH and NbOs as starting materials, 24 hours synth
KNbO; single crystal shows a high electromechanical Was performed at 210 degrees.

coupling coefficient for the surface acoustic wave

extinction; therefore this material is expected as a

promising piezoelectric single crystal substrate for SAW Tab.1: Hydrothermal synthesis condition of (K.Naj{
devices [2]. Piezoelectric single crystal has better

piezoelectric constant than the ceramics because there is on gm;:ho’ FOWdel;O — . gm:;ro’pome;o =
no grain boundary. So, the domain orientation control of
ceramics is useful for improving the piezoelectric NERs 4N 1iee Nbafis 050 s
characteristics. Based on the above mentioned background, $°tion velume Al =alisiom yoline rem
we propose a new fabrication process realizing the domain ~ Temperature 20 Temperature 2o
oriented KN family piezoelectric materials. RGNt *h Resctiontime b
Mixed condition

KNbO, 5.50g
Preparation of KNbO; and (K,Na)NbO; source ol s
materials Zirconia ball @ 10 mm : 100 balls, 2 mm : 100 g
In this study, the domain orientation controlled KNbO Rotation speed 228 rpm
and (K,Na)NbQ@ ceramics were fabricated from ROEAEOR tiva 12h

hydrothermal powders using a single crystal SgTiO

substrate. A hydrothermal method is a technique Tab.2: Hydrothermal synthesis condition of KNpO
promoting a chemical reaction under high temperature and

high pressure using the water vapor pressure. This method KNbO;
enables high purity and quality material because the KOH 9 mol/I 70ml
chemical reaction is carried out in a closed vessel. It was

Nb,0; (3N5) 3.72¢

clarified that (K,Na)Nb@ ceramics sintered with

hydrothermal powders had the high dielectric constaat Anltignlime i
piezoelectric constant, the large density and so on Agitate time 5min
[3].Additionally, the Q value also increased by doping [4]. Temperature 210°C
So we decided to use the hydrothermal powders asesourc RGeS 2ah

materials for this study. Table 1 and 2 show the
hydrothermal synthesis conditionsrf(K,Na)NbQ; and
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Domain orientation controlled method

Figure 1 shows a proposed method for making the
orientation controlled ceramics. The hydrothermal
powders were put on SrTi®100) single crystal substrate
and the heattreatment was carried out. After heat-
treatment, it was coafedown to room temperature [5]
During cooling procesghe domains of melted materials
on substrate were affected by the single crystal substrate.
After cooling, the domain orientation controlled ceramics
were obtained. In the case of (K,Na)Nph&he powders
were heated up to 1130 degrees for 5 minutes and this
temperature was kept for 2 hours using RTA (Rapid
Thermal Annealing). After this process, it was cooled
down at a rate of 2 degrees / minute. In the case of KNbO

the powders were heated for 5 hours at 1080 degrees using

muffle furnace. After this, it was cooled down at a rate 0.9
degrees / minute.

Hydrothermal
synthesis powder
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Fig.1: A concept of proposed method for orientation
controlled materials

Domain orientation controlled (K,Na)NbO;

Figure 2 shows photographs of orientation controlled
(K,Na)NbG; ceramic. This ceramic was released from
SrTiO; substrate after cooling down because of the
different thermal expansion coefficient between
(K,Na)NbG;and the substrate. The surface of the backside
that had contacted with the SrEi®Gubstrate was slightly
translucent. It is presumed that this surface was affected
directly by single crystal substrate. Figure 3 shaavs
comparison between XRD results before and after
orientation control. Intensity of KNN peaks around 22 and
45 degree increased after orientation contkdHitionally,
intensity of other KNN peaks decreased after orientation
control It was confirmed that the domain of (K,Na)NbO
was affected by SrTigsingle crystal substrate. In order to
measure the piezoelectric properties, this ceramic was cut
into Immx1mmx5mm cuboid. The polarization treatment
was carried out with 3 kV/mm at 100 degrees for 20
minutes in the longitudinal direction. An admittance curve
is shown in Fig.4 and the calculated piezoelectric
parameters are sumarized in Table 3. It was confirmed
that Q value was increased to 145 from 53 by the
orientation control because material became hard-type
piezoelectric materialOn the other hand, the piezoelectric
constantd was decreased after the domain orientation
control, as there is a trade-off relation between the Q value
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and piezoelectric constant. Dielectric constant
decreasd after the domain orientation control.

Fig.2: Obtained orientation controlled (K,Na)NbO
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Fig.3: XRD measurements of before (left) and a

(right) domain orientation controlled (K,Na)NpO
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Fig.4: Obtained admittance curve in (K, Na)Nb&@ramic

Tab.3: Piezoelectric properties of (K, Na)Np&&@ramic

sy dsy
(pC/N)

130
98

Qn  &u'ley cu"(GPa) tand(%) p(g/em?)

0.55
0.49

53
145

446
249

73
62

R
4.8

4.43
4.23

Non dope
Non dope
_Two Step Sint.

Domain orientation controlled KNbO;

Figure 5 shows the optical micrograph after controlling
domain orientation of KNb§ Seeing this picture, ¢h
orientation controlled KNb@had a single like surfact
The size was about®mx3 mmx0.4 mm. Figure 6 show
the XRD measurement results for before and ¢
orientation control. In this time, there were only two pe
around 22 and 45 degrees corresponding to KJNHBQOO0)
and KNbQ (200) It is clear that KNb@ domain
orientation was controlled completely by SriGingle
crystal substrate. By using another orientation contrc
KNbO; that cooled for 30 hours, the surface and
ferroelectric domain were observed with AFM (Aton
Force Microscope) and PFM (Piezoresponse F
Microscope) as shown in Fig.lh AFM observationFig.7
indicated that there are no grains that generally se¢
ceramics. In addition, ferroelectric domains and

domain walls were observed by PFM measurement. f
these results, it was verified that the KNb@omain
orientation controlled ceramic had a single cry
structure
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Fig.6: XRD measurements of before (left) and after
(right) domain orientation controlledKNbO;

Fig.7: Result of AFM and PFM observatioofsKNbO;

Conclusion
The results of this study are summarized as follows.

(1) Using a SrTiQ100) single crystal substrate,
(K,Na)NbQ; orientation controlled ceramic from
hydrothermal powders was successfully obtained. The
measurement of piezoelectric property of this ceramic
clarified that the Q value was increased to 145 from 53 as
a result of the domain control

(2) Similarly, using single crystal substrate, KNbO
orientation controlled crystal was obtained. This crystal
was affected by substrate completely. By XRD, AFM and
PFM observation, it was confirmed that the KNbO
hydrothermal powders were modified the single crystal.
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