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Abstract Ferroelectrics Biz psLag 75(Ti3_,Nb,)O;> (BLTN,
x = 0 ~ 0.1) solid solution systems were prepared, and Nb
doping effects and relaxor behaviors were investigated. The
BLTN single phases were confirmed by XRD. The phase
transition temperature decreased as the Nb content increased,
and the corresponding dielectric constant maximum broad-
ened. The temperature 7, of the dielectric maximum de-
pended on frequency and increased, which indicate that the
relaxor behavior was caused by Nb substitution. The sub-
stitution of Nb for Ti ions affected the degree of disorder
and modified the dielectric properties from those of normal
ferroelectrics to relaxor ferroelectrics.

Keywords BLT - BIT - Relaxor - Ferroelectrics -
Dielectric relaxation - FRAM - BLSF

1 Introduction

For devices such as optic, electro-optic, piezoelectric and
nonvolatile ferroelectric random access memory (FRAM)
devices, much attention has been paid to bismuth layer
structured ferroelectrics (BLSFs) [1-5]. Among them, the
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ferroelectric and electrical properties of strontium bismuth
tantalite (SBT), bismuth titanate (BIT) and bismuth lanta-
nium titanate (BLT) have been extensively investigated [2—
13]. The BLSFs structure can be written with a general for-
mula of (Bi0,)** (An_anO3n+1)2’ where A can be mono-,
di-, trivalent ions or a mixture of them, B represents Ti*t,
Nb’t, and Ta’t, etc., and n can have values of 2, 3, 4, ...
Bi and Ti ions in the BisTizO;, (BIT) structure occupies
the A and B sites, respectively. The BIT consists of three
perovskite-like units, (Bi,TizO;)?>~, sandwiched between
bismuth oxide layers, (Bi;0,)>*.

The ferroelectric properties are known to arise in the per-
ovskite block, (Bi,Tiz09)>~. To enhance the ferroelecric
properties, the doping effects of lanthanoid elements such as
La, Nd and Sm ions have been studied [3, 7-13]. On the other
hand, the dielectric and ferroelectric properties were also
changed by the high-valent cation substitution such as Nb, V
and W elements [2, 7, 8,]. However, the ion doping effects
[13-22] on the relaxor behavior of BLT has seldom been stud-
ied in detail. Previously, the ferroelectric relaxor behaviors
[13-18] have been well established for various solid solution
such as Pb(Mg;,3Nb;,3)O3 (PMN) with perovskite structure
and Sr;_,Ba,Nb,O¢ (SBN) with tungsten bronze structure.
Specifically, the relaxor behavior of the A(B;, B,)O3 per-
ovskite structure was explained by the partially ordered B,
and B, sites. Owing to the outstanding dielectric, piezoelec-
tric and pyroelectric properties, the ferroelectric relaxor has
attracted much attention. In this work, the dielectric prop-
erties and relaxor behaviors of the Nb doped BLT ceramics
were investigated.

2 Experimental work

(Bis.s5Lag75)(Tiz_ Nb,)O;, ceramics (BLTN: x, x =0, 0.01,
0.03, 0.05, 0.07 and 0.10) were prepared by a solid state
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reaction method. The powders for BLTN ceramics were
mixed by ball milling with ethanol for 24 h, and were dried
at 80°C for 24h and fired at 850°C for 4h. The powders
were ground and milled again with ethanol, and then pressed
into pellets. The BLTN ceramic pellets were sintered at
1000 ~ 1200°C for 5h in air. The BLTN single-phase was
confirmed by X-ray diffraction (XRD). To investigate the
dielectric properties, Pt-electrodes with an area of 30 mm?
were coated by dc sputtering on the ceramic samples. The
temperature dependence of capacitance and dissipation fac-
tor (tan §) were measured at the frequency of 1, 10, 100 kHz
and 1 MHz by an impedance analyzer (HP4192A).

3 Results and discussion

Figure 1 shows the indexed XRD peaks of BLTN ceram-
ics. Layered perovskite (117) and other perovskite (00¢)
peaks were found, which agrees with previous results.
This indicates that BLTN single phase Bi-layered per-
ovskite structures were formed for all BLTN ceramics. It
may be assumed that doped Nb-ion incorporated Ti ions
in the perovskite structures because the ionic radii and
electronegativity of Nb ions are similar to those of Ti
ions.
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Fig.1 XRD patterns of BLT and BLTN ceramics
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Fig.2 Temperature dependence of dielectric constant of BLTN ceram-
ics measured at the frequency of 1 MHz

Figure 2 shows the temperature dependences of the di-
electric constant measured against a frequency of 1 MHz.
For Nb doping, the dielectric constant maximum increased
at the Curie temperature, may be explained by enhanced po-
larizability caused by the distortion of oxygen octahedra.
The T, of the BLT-NbO1, BLT-Nb03, BLT-Nb05, BLT-Nb07
and BLT-Nb10 ceramics is 389, 343, 307, 291 and 281°C,
respectively. As the Nb content increased, 7, tended to de-
crease and the corresponding dielectric constant maximum
broadened, which is similar the results for SBN [17]. As the
larger Nb>* jons (r = 0.64 A) substituted for the Ti** ions
(r=0.61 A) at the B-site, it is assumed that the phase tran-
sition temperature decreased. In addition, differences were
found in the Curie temperature regions and broadness of
the dielectric constant maximums [14—18]. The phase tran-
sition behaviors were caused by the substitution of Nb for
Ti ions.

Figure 3 shows the temperature dependence of the di-
electric constant measured at the frequencies of 1k, 10k,
100k and 1 MHz. Specifically, BLT ceramics were found to
have low-frequency dielectric dispersions at the temperature
above 200°C, Remarkably, however, the dielectric disper-
sion of the BLTN ceramics decreased. Therefore, the donor
doping of Nb*> for Ti** resulted in a decrease of low fre-
quency dispersions, which were caused by the compensa-
tions that were made for defect such as bismuth and oxygen
vacancies [19-22].

As the frequencis increased, the temperature 7, of the
dielectric constant maximum increased. The phase tran-
sition corresponded to the ferroelectric relaxor behaviors,
which agrees with the previous results such as PMN and
SBN solid solution systems [17, 18]. Particularly, the
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shifting of T,, to the higher temperature side was ob-
viously observed for the BLTN-Nb0O5, BLTN-Nb07 and
BLTN-Nb10 ceramics each of which had higher Nb con-
tents. This indicates that the relaxor behaviors are re-
lated to the disordered state of the Nb and Ti ions in the
B-site.

Figure 4 shows the full width at half maximum (FWHM),
AT, and the difference of the dielectric constant maximum

temperature on frequency, AT,,, which corresponds to
the degree of diffuse phase transition. As the Nb con-
tent increased, the FWHM and AT, increased. As the
frequency increased from 1kHz to 1MHz, the AT,
increased.

Figure 5 shows the plot of In(1/¢’ — 1/g,) vs. In (T —
T,,) for the BLTN ceramics. The curve of 1/¢’ vs. tempera-
ture in the paraelectric phase of the ferroelectric relaxor do
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not follow the Curie-Weiss law. In fact, &’ vs. temperature
followed the general expression:

1/¢' = 1/¢,, = C"(T — T,))"

where y = 1 ~ 2 and C” is a constant. The calculated y of
the BLT-Nb0S5, BLT-Nb07 and BLT-Nb10 are 1.25, 1.43 and
1.64, respectively. As Nb content increased, the value of y
increases, which indicates that the degree of diffuse phase
transition increased [15, 18]. Nb substitution increases the
structural disorder due to the presence of Nb or Tiions located
in the same crystallographic B-site [18]. Thus, the T,,, AT,
and y gradually varied, which caused the relaxor behaviors.
The relaxor behavior were similar to that of SBN and PMN
[17, 18].

The relaxor behaviors of BLTN ceramics are explained
by the nonisoelectric substitution of the Nb for Ti ion. The
radius of Nb>* is similar to that of Ti**, thus the doped
Nb>* occupied the Ti** and partially formed NbOg groups
associated with six oxygen atoms. The crystal structure of
the BLT consisted of a Bi,O, layer and perovskite-type unit
with triple octahedral layers. Because of the substitution for
the Nb ion, the perovskite-unit is consisted of a Ti or Nb
ion located at the center of the oxygen octahedron. Thus
Nb and Ti ions randomly occupied the B-sites. There were
differences in the charge valences between Ti** and Nb>*
ions, nonisoelectric substitutions induced local lattice de-
formation and led to changes in the local field, which po-
larized the off-center impurities in random directions and
thus lowered the T,,. As the Nb content increased, doped
Nb ions may be attributed to the enhancement in the de-
gree of disorder having two site ions to occupy the same
lattice site. Therefore, there were different compositional or-
ders at each domain, which caused the frequency-dependent
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dielectric response and the relaxor behavior. Nb doping
was attributed to the inhomogeneous composition with
disorder structure, which led to the changes in the fer-
roelectric properties from normal ferroelectric to relaxor
ferroelectric.

4 Conclusions

As x increased, the dielectric properties of the Nb-doped
Bij»sLag 75Ti3—«Nb, O (BLTN) ceramics changed from
normal ferroelectrics to relaxor ferroelectrics. As Nb in-
creased from x = 0 to 0.1, the phase transition temperature
decreased from 405 to 269°C, and the dielectric maximum
broadened. In addition, the temperature, 7,,, of dielectric
constant maximum depended on the measuring frequency
and shifted toward the higher temperature. Thus, the partial
substitution of Nb for Ti ions at B-site resulted in the re-
laxor behaviors, which may be explained by the structural
disorder due to the presence of Nb or Ti ions in the same
crystallographic B-sites.

Acknowledgments This work was supported by Korean Science &
Engineering Fundation (KOSEF) through Grant No. R08-2004-000-
10557-0.

References

1. K. Kato, C. Zheng, J.M. Finder, S.K. Dey, and Y. Torii, J. Am.
Ceram. Soc., 81, 1869 (1998).
2. B.H. Park, B.S. Kang, S.D. Bu, T.W. Noh, J. Lee, and W. Jo, Nature,
401, 682 (1999).
3. J.S. Kim, S.S. Kim, and T.K. Song, Jour. Kor. Phys. Soc., 43, 548
(2003).
4. LW. Kim, C.W. Ahn, J.S. Kim, J.-S. Bae, B.C.C, J.-H. Jeong, and
J.S. Lee, Appl. Phys. Lett., 80, 4006 (2002).
5. J.S. Kim, S.S. Kim, and J.K. Kim, Jpn. J. Appl. Phys., 42, 6486
(2003).
6. T. Watanabe, H. Funakubo, M. Osada, Y. Noguchi, and M.
Miyayama, Appl. Phys. Lett., 10, 100 (2002).
7. J.S. Kim, HJ. Lee, S.H. Kang, S.Y. Lee, and I.W. Kim, Integrated
Ferroelectric, 65, 39 (2004).
8. Y. Noguchi, I. Miwa, Y. Goshima, and M. Miyayama, Jpn. J. Appl.
Phys., 39, 1.1259 (2000).
9. D. Wu, A. Li, T. Zhu, Z. Liu, and N. Ming, J. Appl. Phys., 88, 5941
(2000).
10. J.S. Kim, H.J. Lee, S.Y. Lee, S.H. Kang, C.W. Ahn, I.W. Kim, K.S
Lee, and H.S. Lee, Jour. Kor. Phys. Soc., 46, 147 (2005).
11. U. Chon, K. Kim, H.M. Jang, and G. Yi, Appl. Phys. Lett., 79,3137
(2001).
12. Y. Wu, MLJ. Forbess, S. Seraji, S.J. Limmer, T.P. Chou, C. Nguyen,
and G. Cao, J. Appl. Phys., 90, 5296 (2001).
13. Y. Shimakawa, Y. Kubo, Y. Tauchi, T. Kamiyama, H. Asano, and
F. Izumi, Appl. Phys. Lett., 77, 2749 (2000).
14. M. Li, T. Chong, X. Xu, and H. Kumagai, Appl. Phys. Lett., 89,
5644 (2001).



J Electroceram (2006) 17:129-133

133

15. J.S. Kim and J.N. Kim, J. Phys. Soc. Jpn., 69, 1880 (2000).
16. M.M. Kumar and Z.-G. Ye, J. Appl. Phys., 90, 934 (2001).
17. A\M. Glass, J. Appl. Phys., 40, 4699 (1969).

18. L.E. Cross, Ferroelectrics, 76, 241 (1987).

19. J.S. Kim, H.J. Lee, S.Y. Lee, S.H. Kang, C.W. Ahn, L. W. Kim, K.S.

Lee, J. Korean Phys. Soc., 46, 143 (2005).

20. C.H. Song, W. Li, J. Ma, J. Gu, Y.Y. Yao, Y. Feng, X.M. Lu, J.S.
Zhu, Y.N. Wang, W.L.H. Chan, and C.L. Choy, Solid State. Comm.,
129, 775 (2004).

21. J.S. Kim, H.J. Lee, S.H. Kang, S.Y. Lee, and I.W. Kim, Intergr.
Ferroelectrics, 65, 39 (2004).

22. J.S. Kim and S.S. Kim, Appl. Phys. A, 81, 1427 (2005).

@ Springer



