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thin films were the ---,wr--v.7J 

and were fixed at 7.5 mTorr and 
c-axis orientation and smooth surface. 

roughness do not on Sr concentration. These thin films consisted 
50~80 nm the film thickness of 400 nm. The pm;tannelaeel.ua2~-·u'"' 
the P-E hvs:ten~sis 

1. INTRODUCTION 
Tungsten ""'r"'"'"-"'"'" 

to the point group 
ferroelectric oxide a 
bronze-type structure as shown in 
Ba2NaNb50 15 has spontaneous polarization 
j..tC/cm2 and dielectric constant of 51 
c-axis [1-4]. The has 
transitions above room temperature [1-4]. 
ferroelectric transition at apr>rmcimatelly 
the other is the ferroelastic 
approximately which is 
formation of twined substructures. 
bulk crystal has been as optical device because 
the nonlinear optical is twice as as that 
ofLiNb03 [7,8}. 
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Fig. l Crystal structure in the a·b plane ofBa2NaNb50 15• 

In recent years, the authors have succeeded in 
preparation of c-axis oriented Ba2NaNb50 15 thin film on 
La0.o5Sr0.95 Ti03 (LSTO) substrate by pulsed laser 
deposition (PLD) [5-7]. The surface roughness and 
ferroelectricity depend on oxygen gas pressure (Po2) and 
substrate temperature during the deposition. 
When the Po2 and Tsub were fixed at 7.5 mTorr and 
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induced. 
In this thin films were 

nre:oar<~d on PLD. The lattice 
mismatch between and LSTO was 
estimated to be apt>rmmnate!y 5.2% [7]. In the bulk 

the fenoelectric such as Curie 

2. EXPERIMENTAL 
thin films were 

(100)-oriented LSTO substrate by PLD method 

the 
In 

on 
using 

ceran1ic target. The of LSTO "'-'L''"'m""' 
which were grown by the Czochralski 
obtained from Earth Co. Ltd. 
Ba2.xSrxNaNbs015 ceramic target was as 
follows. The targets were sintered """''Q"'''"" rm~nared 

the solid state reaction and 
Nb20 5, and pressed into a cv1ma1ers of <p2L5 mm x 4 
mm, then sintered at 1350°C for 6 h. The 
density of BSNN 98 %. The 
target was diffraction as 
shown in SBN ceramic target 
was approximately 94 %. 

The PLD system was 
configuration with a for 
compositional 
ordinaly 2x 10-8 

The base pressure was 
and substrate was inserted from a 
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load lock chamber to maintain a low base pressure. A 
KrF excimer laser was used for ablation of 
target The laser power density and repetition 
frequency were 200 and 5 respectively. 
The film thickness was approximately 400 nm. The 
top Pt electrodes with a diameter of 0.2 1mn were 
deposited on the film surface through a metal shadow 
mask by rf-magnetron The as-deposited 
Ba2NaNb50 15 thin films were annealed at 700oC in an 
0 2 atmosphere for lh in order to investigate the effect of 
post-annealing. 

The structural thin 
films were characterized The surface 
morphologies were observed AFM. The electrical 
properties were measured using the ferroelectric 
prope1ty measurement system RT-6000HVS 
manufactured by Radiant Technologies. The 
polarization-voltage (P-V) hysteresis loops w~re 
measured using one-shot waveforms wtth 
period of 50 ns. 
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Fig. 2 XRD patterns as a function of Sr concentration in 
Ba2.xSrxNaNbs01s ceramics. 

3. RESULTS AND DISCUSSION 
Figure 3 shows the XRD pattems as a function of Tsub 

for the Bao 6Sr14NaNb50 15 thin films. Po2 was fixed at 
7.5 mTorr. The (lOO) and (200) peaks of the LSTO 
substrates are observed at 29=22.8 o and 46.5 °, 
respectively. The (002) and (004) peaks of the BNN 
thin films are observed at 20=22.4 o and 45.7 °, 
respectively. The (350) peak is not observed in the thin 
film. The Ba2NaNb50 15 thin films prepared at below 
Tsub=650°C do not show the (002) and (004) peaks, since 
the BNN thin films did not crystallize at below 650°C. 
The Bao.5Sr05NaNb50 15 thin film at Tsub=700°C exhibits 
(002) and (004) peaks. the Bao5 Sro.sNaNbsOls 
thin films prepared at 700 °C exhibit a strong c-axis 
orientation. 

Figure 4 shows the XRD patterns as a function of Sr 
concentration in the Ba2.xSrxNaNb501s thin films. Po2 
was fixed at 7.5 mTorr. The (002) and (004) peaks of 
these thin films are observed at near the substrate peaks. 
The existence of other phase is not observed in these 
thin films. The intensity of c-axis does not depend on 
Sr concentration. However, the (004) peak shifts to 
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3: XRD patterns as a function ofT,ub in Bao6Sr14NaNbs01s 
films. Po2 is fixed at 7.5 mTorr. 
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Fig. 4 XRD patterns as a function of Sr concentration in 
Ba2.,Sr,NaNbs01s thin films. 

higher diffraction angle with Sr concentration, indicating 
the decrease of lattice constant. This result accords 
with the Ba2.xSr,NaNb50 1s single crystals. 

Figure 5(a) shows the AFM image of 
Bao 6Sr1.4NaNb50 15 thin film prepared on Tsub=7oooc 
and. mTorr. The thin film consisted of small 
grains with diameter of ~50 nm. The surface 
roughness (Rms) was approximately 11 nm against the 
film thickness of 400 nm. 

Figure S(b) shows the and grain size as a function 
of Sr concentration in Ba2.xSrxNaNbsOis thin films 
estimated from the AFM images. The BazNaNbs01s 
thin film consists of grains with diameter of ~80 nm and 
Rms of 7 nm. The grain size of Ba2-xSrxNaNbs01s 
(xtO) is smaller than that of Ba2NaNb50 15, although the 
Rms does not depend much on Sr concentration. On the 
other hand, the authors have reported that the 
Ba2NaNb50 15 thin film at Poi>lOmTorr and Tsub=7oooc 
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Fig. 5 (a) AFM image ofBao6STI.4NaNbs01s thin fihns. (b) 
Surface roughness (Rms) and grain size as a function of Sr 
concentration in Ba2.xSrxNaNb50 15 thin films. 

exhibits large Rms and grain size. This originates from 
the three-dimensional islandlike crystal growth [7,9,10]. 
The particles ablated from the target migrate on the 
heated substrate and form crystal nuclei at step or kinds 
on the substrate due to the large energy at the interface 
of the BNN thin film and the substrate. In this study, 
Ba2-xSrxNaNbs015 thin films has prepared at Po2=7.5 
mTorr, which corresponds to the best condition of 
Ba2NaNb50 15 thin film. Furthermore, the density of 
Baz_xSrxNaNb50 15 (x;eO) ceramics target is higher than 
that ofBa2NaNb50 15 target. This may be the reason of 
small grain size for Ba2.xSrxNaNb50 15 (x;eO) thin films. 

Figure 6 shows the hysteresis loops as a function of Sr 
concentration in Ba2.xSrxNaNb50 15 thin films. The 
as-deposited thin films did not exhibit ferroelectricity. 
We have already clarified that Na deficiency and oxygen 
vacancy are formed at the postannealing temperature 
above 750°C and the volatile ofNa in Ba2.xSrxNaNb50 15 

thin film is controlled at the postannealing temperature 
below 750°C [7]. Therefore, these thin films were 
annealed at 700°C in oxygen atmosphere for 1 h in order 
to investigate the effect of postannealing. The 
postannealed Ba2.xSrxNaNb50 15 thin film has controlled 
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Fig. 6 P-E hysteresis loops as a function of Sr concentration 
in Baz_xSrxNaNbs015 thin films. 
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Fig. 7 P-E hysteresis loops as a function of voltage in 
Bao.6Sr14NaNbsOis thin film. 

Na deficiency. The leakage current was improved 
from ~ 10·3 A/cm2 to ~ 10·6 A/cm2 by the postannealing. 
The obtained hysteresis loops exhibit nonsymmetrical 
shape. This might be originated to the conductivity of 
LSTO substrate. However, hysteresis loops seem to be 
improved by Sr substitution. 

Figure 7 shows the hysteresis loops as a function of 
voltage in c-axis oriented Bao.6Sr1.4NaNb50 15 thin film. 
The both 2Pr and 2Ec values increase rather steeply at a 
low applied voltage but do not change much beyond 20 
V. The loop is nearly saturated at an applied voltage of 
25 V. Then, the 2Pr and 2Ec were estimated to be 59.4 
11C/cm2 and 182 kV/cm, respectively. To further 
investigate the electrical properties of the 
Ba2.xSrxNaNb50 15 thin films, it is necessary to perform a 
more systematic optimization of the deposition and the 
postannealing conditions of the Ba2.xSrxNaNb50 1s thin 
films in the future study. 
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CONCLUSION 
We 

thin films 
c-axis orientation. 
decreases with mcrea1slntg 
oriented U<JC1-x"''x"' 

The lattice constant of c-axis 
concentration. The c-axis 

thin films consist of small 
The 
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