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Abstract— We present the numerical analysis of the profiles of surface polaritons generated on magnetoelectric
multiferroics. The study focuses on transverse electric (TE) modes where the non-reciprocal behaviour appears
in surface polaritons. The amplitude and the attenuation constant are very important parameters in defining the
profiles of surface modes. The attenuation constant is calculated by solving Maxwell equations while the
amplitudes are obtained by considering the continuity of the fields. We found that the localisation is strong at the
frequency near resonant frequency since the attenuation constant is big. We are also found that the profiles of
surface modes for two directions of propagation, which is opposite each other, are not the same. This result is
illustrating the non-reciprocal behaviour of the TE surface modes generated on magnetoelectric multiferroics.
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I. INTRODUCTION

The surface polaritons which are the surface modes of a modified electromagnetic wave resulted from the
coupling between electromagnetic waves and elementary excitation of materials are interesting to be studied [1].
Transverse electric (TE) surface polaritons, where the electric component of the waves is perpendicular to the
plane of incident, are usually found in magnetic materialsnear its resonance frequency [2],[3]. Hence this type of
polariton can be categorised as magnetic polariton. TE surface modes are interesting due to their localized
property at the surface of the materials. Also, TE surface polaritons may possess non-reciprocality feature where
the condition based on the direction of the propagations is not symmetric compared to the condition in the
opposite direction [2],[3].

In the last decade, it is reported that this type of mode can also be found in magnetoelectric multiferroics [4]-[9].
Since magnetoelectric multiferroics possess electricity and magnetism simultaneously through magnetoelectric
coupling, then they have two types of resonant frequencies: the electric and the magnetic resonant frequencies.
Recently, the TE mode of surface polaritons generated in magnetoelectric multiferroicswas studied based on the
dispersion relation to show the non-reciprocality of this mode[4]-[8]. It is found that the non-reciprocity appears
when the geometry of the sample is semi-infinite [2],[3],[6].

IJIRAE: Impact Factor Value - SJIF: Innospace, Morocco (2016): 3.916 | PIF: 2.469 | Jour Info: 4.085 |
ISRAJIF (2017): 4.011 | Indexcopernicus: (ICV 2016): 64.35
IJIRAE © 2014- 18, All Rights Reserved Page -183




g,’j International Journal of Innovative Research in Advanced Engineering (IJIRAE) ISSN: 2349-2163

Issue 05, Volume 5 (May 2018) www.ijirae.com
WIRAE

Surface polaritons were also studied by analysing the calculated attenuated total reflection (ATR) to investigate
the localisation of these modes in the multiferroics films [9]. The flipping of localization can be performed by
applying the large electric field with the direction opposite to the electric polarisation.

Motivated to complete the information from the previous researches, we perform the numerical study of the
surface modes by analysing the profile of surface modes. Using Maxwell equations and the boundary conditions at
the surface of multiferroics, the amplitude of the involved waves can be derived. Then, the profile of surface
modes is calculated numerically.

II. RESEARCH METHOD
In studying the profile of surface modes in multiferroics materials, we set the surface of the material in x-y plane at
z =0 direction. Here, the multiferroics are ferroelectric-canted antiferromagnetic with the electric polarisation is
in y direction while the canted antiferromagnetic yields weak ferromagnetism in x direction. We assume that
medium outside the material is vacum and the surface modes propagate in y direction. The configuration of the
research is sketched in Figure 1.

z=0

Fig.1 The sketched geometry used in the research, The surface of materials lied in x-y plane. Multiferroics
possess weak ferromagnetism in x direction and electric polarisation iny direction. The waves are also set to
propagate in y direction, parallel to electric polarisation

Based on the configuration in Fig.1,, the required solutions for TE modes with the localization at the surface of
multiferroicsare assumed to be
- B e ~Fozeiliyy-wt)
P IEye ' e z>0 1)
iE,, efze!lkyy=wt) z<0

wheref represents the attenuation constant of the multiferroics inTE modes andf,is attenuation constant for
vacum. Both attenuation constants are easily derived from Maxwell equations as [6]

B = l["‘yykyzr - Exx(f-‘yy)‘-fzz — plzrz) (;)2] /#ZZ}UZ )

and

2q1/2
B=l- ()] ®)
Here, the attenuation constant f imposes surface waves to get weaker as the waves propagate down into the
materials. Hence, parameter [§ ensures surface modes to be localized at the surface. In the formulation of
attenuation constant above, variables g; and p; with i =x,y,z represent permittivity and permeability
components of the multiferroic material which are derived from the equation of motions using the suitable
expression of an energy density (we refer to the previous report [6] for detailed calculation). The susceptibility
components which are illustrating the transverse electric condition in multiferroic material with canted spin
system are expressed as [6]
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Here, the permeability is related by the relation = T+ 4wy’ with I is identity matrix. The frequencies are
defined as follow: w, is a frequency from sub-lattice magnetization of the antiferromagnet phase, w, symbolise
anisotropy frequency, w,,.represents a frequency from the magnetoelectric interaction and wyis magnetic
resonant frequency. An angle 6 represents canting angle of the antiferromagnet. In analysing the profile of surface
modes numerically, we use the values of frequency wand propagation component k,from the curve of surface
polaritons from the previous study [6]. The amplitude E; and E,,, are obtained by employing appropriate
boundary conditions at the surface of the material(z = 0). Then, Eq.(1) is used to calculate the profile of surface
modes.
111 RESULT AND DISCUSSION

In the numerical calculation, we use the values of frequency as[9]: @ = 0.28 cm-L, @, = 0.09 cm-l, @y = 0.14 cm-1

and @y = 3.02 cm-! which are illustrating multiferroic BaMnFs. The canted angle of the sub-lattice magnetization
is 8 = 3mrad.

e
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Fig. 2 The profile of TE surface modes is illustrated in three different frequencies. The black lines are profiles
with frequency at 3.1 cm-!, the blue lines are profiles with w = 3.07 cm! and the red lines are profiles with
@ = 3.05cml. Part (a) is illustrating the profiles of the surface modes with the propagation in +k, direction
while part (a) is showing the profiles of surface mode which propagate in —k,, direction.

The calculated profiles of TE surface modes which are resulted from Eq.(1) are presented in Fig.2. In each
direction of propagation (+k,, in fig.2a&—k, in fig.2b) we analyse profile for three frequencies: 3.05 cm-, 3.07 cm!
and 3.1 cm'’. The related values of propagation vectork,are obtained by solving dispersion relation which is
formulated in previous report [6]. Each profile in Fig.2 describes that the value of surface mode, |E|, possesses
maximum value at the surface (z = 0) and the value of |E| decreases as it goes farther from the surface. This
feature expresses the localisation of the surface modes at the surface of multiferroics. It is shown in both fig.2a

and fig.2b that e profile with the frequency 3.05 cm-1 (red lines) goes to zero faster than other profiles with lower
frequency (blue and black curves).

0 2 4 6
|E] (statClcm?)

Fig. 3Difference between profile in +k, direction of propagation (thick solid lines) and the profile of surface mode
which propagates in —k,, direction(dashed lines). Red lines represent profiles with frequency3.05 cm™ while blue
lines illustrate profileswith frequency 3.07 cm-1.

IJIRAE: Impact Factor Value - SJIF: Innospace, Morocco (2016): 3.916 | PIF: 2.469 | Jour Info: 4.085 |
ISRAJIF (2017): 4.011 | Indexcopernicus: (ICV 2016): 64.35
IJIRAE © 2014- 18, All Rights Reserved Page -185




g,’j International Journal of Innovative Research in Advanced Engineering (IJIRAE) ISSN: 2349-2163

Issue 05, Volume 5 (May 2018) www.ijirae.com
WIRAE

It can be understood by examining the attenuation constant f for the involved frequency using Eq.(1). Since
attenuation constant involves isE~e £, then the value of | E| profile attenuates more rapidly when ff increases. In
+k, propagation,the frequencies 3.05 em, 3.07 cm! and 3.1 cm-lyield B with values: 44.66 cm?, 13.72 em! and
6.23 cml. This agrees with the previous report [6], where it is stated that the attenuation constant increases as
frequency is shifted approaching resonant frequency (here, the resonant frequency is around 3.02 cm).

In figure 3, we compare the shape between profiles in +k, propagation (thick lines) and profiles in
—k,propagation (dashed lines) for frequencies 3.05 cm™ (red lines) and3.07cm!(blue lines). Itis shown that the
profiles of the two opposite directions are different even though their frequencies are the same, ie: +k,(w) #
—k, (w). We argue that this feature is similar to the condition where the surface modes obey m(+ky) + w(—ky).
Hence, the condition of the profiles above is also illustrating non-reciprocal behaviour of TE surface polaritons in
multiferroics.It can also be seen that the profile difference is increasing when the frequency is risen. It means that
non-reciprocity is getting higher when the frequency is shifted further from resonant frequency.

IV. CONCLUSION

The surface modes with frequency near the resonant frequency of the materials have high value of attenuation
constant which gives high locality at the surface. We have also shown that the profiles of surface polaritons can be
used to determine the non-reciprocity of the surface modes. The non-reciprocity can be stated as +k,(w) #

—k,(w).
ACKNOWLEDGMENT

This study is a part of the research of polaritons generated in multiferroics which is funding by Faculty of Sciences
and Mathematics, Diponegoro University

REFERENCES

1. D. Mills and E. Burstein, “Polaritons: the electromagnetic modes of media,” Rep. Prog. Phys., vol. 37, pp. 817,
1974.

2. A Harstein, E. Burstein, A.A. Maradudin, R. Brewer and R. F. Wallis, “Surface polaritons on semi-infinite
gyromagnetic media,” J. Phys. C: Solid State Phys.,, vol. 6, pp. 1266, 1973

3. R E.Camley and D. L.Mills, “Surface Polaritons on uniaxial antiferromagnets,” Phys. Rev. B, vol. 26, pp. 1280,
1982.

4. AS. Savchenko, S. V. Tarasenko, T. N. Tarasenko and K. N. Primak, “Features of the reflections of a bulk TM
electromagnetic wave on a nongyrotopicmultiferroics slab,” Low TempPhys, vol.32, pp. 61, 206.

5. AS. Savchenko and S. V. Tarasenko, “Features of the reflections of TE waves from a
nongyrotopicmultiferroics slab,” Low TempPhys, vol.33, pp. 412, 2007.

6. V. Gunawanand R Stamps, “Surface and bulk polaritons in a PML-type magnetoelectric multiferroics with
canted spins: TE and TM polarizations,” J.Phys: Condens Matter., vol. 23, pp. 105901, 2011.

7. V. Gunawan and R Stamps, "Mixed modes of surface polaritons in a PML-type magnetoelectric multiferroics
with canted spins,” J. Phys: Condens Matter., vol. 24, pp. 406003, 2012.

8. V. Gunawan and H. widiyandari, “TE and TM polaritons in multilayer system comprise of a PML-type
magnetoelectric multiferroics and ferroelectrics,” J. Phys: Conf.Ser.., vol. 710, pp. 012037, 2016.

9. V. Gunawan and H. widiyandari, “Polaritons in magnetoelectric multiferroics films: switching
magnonpolaritons using an electric field,” Ferroelectrics, vol. 510, pp. 16, 2017.

IJIRAE: Impact Factor Value - SJIF: Innospace, Morocco (2016): 3.916 | PIF: 2.469 | Jour Info: 4.085 |
ISRAJIF (2017): 4.011 | Indexcopernicus: (ICV 2016): 64.35
IJIRAE © 2014- 18, All Rights Reserved Page -186




The Profile of Transverse Electric (TE) Surface Modes in
Magnetoelectric Multiferroics

ORIGINALITY REPORT

14, o, 11% 8w

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Submitted to University of Warwick

Student Paper

2

thescipub.com

Internet Source

2

lllia V. Fedorin, Volodymyr |. Fesenko, Vladimir
R. Tuz. "Anomalous dispersion of polaritons in a
magnetic-semiconductor superlattice”, 2016
IEEE International Conference on Mathematical
Methods in Electromagnetic Theory (MMET),
2016

Publication

1o

WWwWw.jpier.org

Internet Source

1o

K. M. Haussler, J. Brandmuller, L. Merten, H.
Finsterholzl, A. Lehmeyer. "Observation of

dispersion on magnetic polaritons”, physica
status solidi (b), 1983

Publication

£l

1o

A. S. Savchenko, S. V. Tarasenko, T. N.



Tarasenko, K. N. Primak. "Features of the
reflection of a bulk TM electromagnetic wave on
a nongyrotropic multiferroic slab", Low
Temperature Physics, 2006

Publication

1o

WWW.ijop.ir

Internet Source

1o

etheses.dur.ac.uk

Internet Source

1o

V Gunawan, R L Stamps. "Surface and bulk
polaritons in a PML-type magnetoelectric
multiferroic with canted spins: TE and TM
polarization", Journal of Physics: Condensed
Matter, 2011

Publication

1o

fnte.ilt.kharkov.ua

Internet Source

1o

—
—

sinta3.ristekdikti.go.id

Internet Source

1o

A. S. Savchenko, S. V. Tarasenko. "Features of
the reflection of TE waves from a nongyrotropic
multiferroic slab", Low Temperature Physics,
2007

Publication

1o

R Ruppin. "Surface polaritons and extinction
properties of a left-hnanded material cylinder”,

<1%



Journal of Physics: Condensed Matter, 2004

Publication

V Gunawan. "Surface and bulk polaritons in a <1 o
PML-type magnetoelectric multiferroic with °
canted spins: TE and TM polarization", Journal
of Physics Condensed Matter, 03/16/2011

Publication

Submitted to Unika Soegijapranata
Student Paper gJ p <1 %

Exclude quotes Off Exclude matches Off
Exclude bibliography Off



The Profile of Transverse Electric (TE) Surface Modes in
Magnetoelectric Multiferroics

GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

/ O Instructor

PAGE 1

PAGE 2

PAGE 3

PAGE 4




	The Profile of Transverse Electric (TE) Surface Modes in Magnetoelectric Multiferroics
	by Vincensius Gunawan

	The Profile of Transverse Electric (TE) Surface Modes in Magnetoelectric Multiferroics
	ORIGINALITY REPORT
	PRIMARY SOURCES

	The Profile of Transverse Electric (TE) Surface Modes in Magnetoelectric Multiferroics
	GRADEMARK REPORT
	FINAL GRADE
	GENERAL COMMENTS
	Instructor




