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Fig. 1. (a) Illustration of the ME laminate composite; (b) ~ (e) the 
definition of local coordinate and the applied direction of Hdc and 
Hac for various working modes. (b) both Hdc and Hac are parallel 
to the length direction; (c) both Hdc and Hac are perpendicular to 
the length direction; (d) the Hdc is parallel to the length direction 
while Hac is perpendicular to the length direction; (e) the Hdc is 
perpendicular to the length direction while Hac is parallel to the 
length direction.
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The magnetoelectric (ME) effect of a magnetostrictive/piezoelectric (MP) laminate composite is realized by the “product 
property”, i.e., in a magnetic field, mechanical stresses occurred in the magnetostrictive layer are transferred to the 
piezoelectric layer where they produce an electric field due to the piezoelectric effect. Previous reported investigations of ME 
laminates have focused on that the magnetic field (both DC magnetic bias Hdc and AC magnetic field Hac) is applied parallel or 
perpendicular to the oriented direction [1]. However, the magnetostrictive effect has inherent anisotropic behaviors. The 
magnetostrictive strain occurs while magnetic domains in the material align with the applied magnetic field. It strongly 
depends upon the direction of the applied magnetic field. 

In this study, the induced ME behaviors in various working 
modes (as shown in Fig.1) are investigated. Rectangular shaped 
Terfenol-D and piezoelectric Pb(Zr,Ti)O3 (PZT) are used to 
fabricate the sample. The Terfenol-D and PZT plates are 
respectively oriented in length direction and poled in thickness 
direction. The ME voltage coefficients in various working 
modes are investigated over frequency in various Hdc 
superimposed with Hac=1Oe. The experimental results indicate 
that the ME voltage coefficients over frequency in the mode (d) 
and (e) have more peaks than those in mode (b) and (c). In 
addition, the ME behaviors in different modes show distinct 
Hdc dependence. It is importantly necessary to note the 
anisotropic ME behaviors, especially for that the ME laminate 
composites are used for magnetic field sensing.

This work was supported by the National High Technology 
Research and Development Program of China (863 Program) 
(No. 2006AA04Z337, 2007AA12Z132), and the National 
Natural Science Foundation of China (No. 10776039, 60774055). 

REFERENCES
[1] Ce-Wen Nan, M. I. Bichurin,Shuxiang Dong, D. Viehland, G. Srinivasan, J. Appl. Phys., 103, 031101(2008).

EB03

Optical Spectroscopic Investigations on Multiferroic MnWO4

W. S. Choi1*, K. Taniguchi2, S. J. Moon1, S. J. Kim1, S. S. A. Seo1, Y. S. Lee3, T. Arima2, J. Y. Kim4, 
H. Hoang5, I.-S. Yang5, and T. W. Noh1

1ReCOE & FPRD, Dept. of Physics and Astronomy, Seoul Nat’l Univ., Seoul, Korea
2Institute of Multidisciplinary Research for Adv. Mater., Tohoku Univ., Sendai, Japan.

3Dept. of Physics, Soongsil Univ., Seoul, Korea
4Pohang Accelerator Laboratory, Postech, Pohang, Korea

5Dept. of Physics, Ewha Womans Univ, Seoul, Korea
*Corresponding author: wschoi@phya.snu.ac.kr

 Multiferroic oxide materials with intrinsic magnetoelectric coupling have been drawing considerable amount of interests 
both scientifically and technologically. Among multiferroic oxides, MnWO4 is known to exhibit ferroelectricity between 7.6 K 
and 12.7 K, which is induced by its incommensurate elliptical spiral magnetic ordering [1]. In this study, we report optical 
spectroscopic investigations on MnWO4. We grew single crystals of MnWO4 using floating zone method. To examine the 
optical anisotropy originating from the monoclinic crystal structure, we measured reflectivity spectra of MnWO4 with light 
polarizations along three crystallographic axes, and calculated the optical conductivity spectra through the Kramers-Kronig 
transformation for each axis. We identified the anisotropic phonon structures and electronic structures with temperature and 
magnetic field dependence. The possible existence of electromagnon, and intriguing feature in the electronic structure 
correlated with the magnetic structure have been also discussed in relation to its multiferroic properties.
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