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Abstract

SrBizNb,FeO, (SBNF) is a three-layered perovksite in the system SNBjOg (SBN) + (n). BiFeG; (BF) system withw = 1. In order
to achieve the magnetic and magnetoelectric (ME) nature, the material should consist of ferroelectric and magnetic ordering. In the present
system, the addition of BiFe@0 SBN makes the material both ferroelectric and magnetic, to realise magnetoelectric output. The piezoelectric
nature of the material is investigated by using the resonance and anti resonance measurement. The magnetisation measurements carried out
room temperature showed a slim hysteresis loop indicating the material consists of antiferromagnetic ordering. The dynamic magnetoelectric
measurements performed at room temperature and at 77 K, showed that magnetoelectric output is high at 77 K.
© 2004 Elsevier Ltd and Techna Group S.r.l. All rights reserved.
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1. Introduction The magnetoelectric (ME) effect, a coupled magnetic-
ferroelectric effect characterized by the appearance of an
The solid solution of BiFe@ (BF)-SrBpNb,Og (SBN) electric polarization (ME output) on applying a magnetic
was prepared at a concentration of 1:1 ratio, by solid field or by appearance of a magnetization on applying an
state sintering method. This compound can be written electric field.

as SrBgNbpFeQyp, which belongs to Aurivillius fam- However, among the single-phase ME materials, (which
ily of compounds with a general formula of ()%* are brittle), particularly strong ME effects, as initially en-
(A,_1B,03,.1)>" where A: BPt, SP* and B: Fét, Taot, visioned, have not so far been found, which is the reason
Nb®*, Ti*t and ‘n” refers to the number of perovskite-like that they have not yet found applications in technology.
layers between BD, layers[1]. To be technologically viable, ME materials must ex-

From the earlier reports, the two-layered compound SBN hibit high ME coefficients. Important applications include
has tetragonal symmetry with a ferroelectric transition magnetic-electric sensors in radioelectronics, optoelectron-
around 420C [2]. On the other hand BF is ferroelectric ics and microwave electronics and transducers in instru-
and also antiferromagnetic with rhombohedral symmetry at mentation.

room temperature. It has ferroelectfig at 850°C and an- Magnetoelectric output can be realized in two types of
tiferromagnetic Neel temperature at 31 with cycloidal materials, i.e. in single-phase materials and in composites.
spiral magnetic orderingB]. Combining SBN with BF in In single-phase materials, the magnetoelectric output arises
1:1 ratio, the new compound obtained is SfBFeO; 2, due to the interaction between the ferroelectric and magnetic
which is a three-layered compound. sub-lattices, while in composites, the ME output is a product

property of piezomagnetic and piezoelectric phases.
The materials showing ferroelectric and magnetic order-
* Corresponding author. ing are termed as ferroelectromagnftd. In the present
E-mail address: sadiraj@ntu.edu.sg (A. Srinivas). system, SBN is a pure ferroelectric material and BF is
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ferroelectric and magnetic in nature. By combining these 8.0x10>
two materials, one can obtain a ferroelectromagnetic mate- SrBi,Nb,FeO,,
rial. The present paper aims at the study the piezoelectric 6.0x10” 1
nature, magnetic and magnetoelectric output at low temper- 3
ature and at room temperature. 40x1077
?0 2.0x1071
E 0.0
2. Experimental procedure g
= 2.0x107

SrBisNbyFeOy> was synthesized by the solid-state dou-
ble sintering method. From the X-ray analysis, it was con- -4.0x107 7
firmed that the synthesized compound formed in single phase

with tetragonal structure. The resonance and antiresonance -6.0x1071

measurements were performed from 100 Hz to 10 MHz fre- 8.0x10% : . . . . ,
quency using a HP 4194A impedance analyser, interfaced -15000-10000 -5000 0 5000 10000 15000
to a computer. Prior to these measurements, the electrical H (Oe)

poling was done at 5kV/cm at a temperature of 12Cfor

30 min and cooled to room temperature by keeping the field
on. The magnetization measurements were performed at
room temperature using Lakeshore—vibrating sample mag-
netometer. The ME measurements were made using a dyﬁlectromeChanical COUpling CoefﬁCienKP' is calculated
namic ME set-ug5]. These measurements were performed from the resonance and antiresonance method. Prior to the
at room temperature and at 77K as a function of dc field measurements, the sample is electrically poled. The per-
(0-8kOe) with a superimposed ac field of 18 Oe. Prior to centage value okp obtained from the calculations is 3.46.
the ME measurement, the sample was poled eIectricaIIyThefe are a few reports on resonance and antiresonance
at 5kV/cm at 120C for 30 min and the magnetic poling Measurements in these layer compounds. The obtained
was performed at 10kOe at room temperature. For all the Value ofKp is less when compared to BaTiOwvhich has a
iso-structural Compounds, fixed ac field of 18 Oe and a dc value about 38% and PZT with a value around 58%. Further
field of 1.3kOe were applied. Point contacts were made on studies are on to understand the piezoelectric nature of the
both sides of Samp|e with silver paint using epoxy resin. material at different temperatures and also to improve the

The samples were cooled down to 77 K in a magnetic field value of the coupling coefficients.
of 1.3kOe. Fig. 2 shows the magnetization versus field at room tem-

perature for SrBiNboFeQy2 ceramic. A slim loop was ob-
served from the plot. The loop is not saturated at 15kOe
field. The loop is not saturated at the field of 15kOe. The
interesting aspect is that the loop area is more at the ori-
gin and gets narrower with the increase of field. This type
of behaviour is also observed in other layer compoy6ils
The structure consists of perovskite like slabs in between the
two Bi2O; layers. The F&" ions are statistically distributed

Fig. 2. M vs. H plot of SrBgNbyFeQ> at room temperature.

3. Results and discussion

Fig. 1 shows the plot of admittance versus frequency
at room temperature for the sample SBi,FeO2. The

SrBLNb FeO in the octahedrgl sites. Thg inltere}ctions are Fa_k.ing along the
2.886- yor T chain Fe—-O-Bi—O—-0O-Fe indicating a possibility of super
. exchange. The minor loop in the plot is due to canting of
= 2.8801 spins. Presumably, the Fe—O—Fe chain will not be equal to
ﬁ'a 28754 zero but gives rise to a small moment and hence the minor
= loop in theM versusH plot. The strength of exchange in-
> 2.869 teractions would accordingly influence the magnetic nature
g of the compound.
£ 28641 Fig. 3 show the plot of ME output versus field at room
§ 2 858 temperature at four different frequencies. With the increase
of frequency from 0.5 to 1.5kHz, the value of ME out
2.853 £ put has increased. The maximum value of out put was ob-
. A . served at 8 kOe field was around % 10~4V/cm at 1.5 kHz

163 164 165

Frequency (kHz) frequency. The nature of the output was getting saturated

around 4 kOe field. There is not much change in the signal
Fig. 1. Admittance vs. frequency of SeBibzFeO;,. from 4 to 8 kOe fieldFig. 4 shows the plot of ME out put
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32x10% S£Bi,Nb,FeO, Ina magnetically ordered c_rystal o_nl_y a linear si_gnal can
L w300k be predicted. Bu_t fora ceramic even if it is magnetically or-
2.8x1071 dered, the true linear signal cannot be detected unless it is
5 4x10° tqtally magne;ically pc_)Ied. In a partially ppled state, we get.a
‘ signal, which is superimposition of both linear and quadratic
= 2.0x10* terms as it is in the present case. The antiferromagnetic na-
‘\; ) ture of the material from thisl versusH plot should give rise
o 1.6x10 71 to linear effects, where as a quadratic signal may be arising
| 2x10° due to slight canting o_f th(_a Fe_—O—Fg chains of spins in.the
‘ o 075KHz regular octahedra, which is slightly tilted. Apart from this,
8.0x10° ——1kHz the BiFeQ, which has a cycloidal magnetic spin and incom-
——1.25kHz mensurate structure, gives rise to non-linear effects with a
4.0x107 , ok spin flop[3]. Addition of BF to SBN reduces the degree of
0 2000 4000 6000 8000 incommensurate structure but preserves the non-linearity.

H(Oe)

Fig. 3. Magnetoelectric output vs. field at room temperature. .
g g P P 4. Conclusions

versus field at 77 K at four different frequencies. The max-  The resonance and antiresonance measurements indicates
imum value of output observed at 77K was aroun& 7. hat the material consists of low coupling coefficient values.
107"Vi/em at 1.5kOe field. There is a gradual increase in gy ther studies are to be undertaken to improve the coupling
the signal with the increase of field at 77 K. The value of ¢qefficients. The magnetization measurements show that the
ME output is more at 77K than at room temperature. This gynthesized material consists of antiferromagnetic ordering
shows the materials are more ordered at low temperatures 4 room temperature. The magnetoelectric measurements in-
Erom the plots, it is clear that the signal obtained is not a yicate that SrBiNb,FeO) » ceramic is a magnetoelectric ma-
linear one. terial at room temperature and at low temperatures. Further
studies are on to study the material for a possible application
in a thin film form.

| StBi,Nb,FeO,,
-4 ~
7.0x1077 4t 77K
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