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Abstract: This research presents a technique of an electro optic effect and electro-refractive which considered
as one of the important techniques in the optical communication systems. In this study, a method is introduced
to solve the problem of large length of 2x2 MZI electro-optical switch forlithium tantalate LiTaO,. By using
mathematical model for designing MZI electro-optical switch by analyzing the effect of external electrical tield
on the refractive index with better electro-optical coefticient and refractive index. Finally, m this research, the
researchers achieved better performance with low driving electrical field, small size of switch and wide band

using near infrared wavelength.
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INTRODUCTION

A simple definition of an electro-optic impact would
be the alteration in the material’s optical properties as a
result of applying an electric field which differs gradually
with the frequency of light. The optical properties of the
materials are varied when exposed to an electric field. This
change happens as a result of the forces that distort the
location, predilection or the style of the molecules forming
the materials. Subsequently, the electro-optic impact takes
place based on the change mn the refractive index after
applying a dc or low-frequency electric field (Saleh and
Teich, 1991) (Fig. 1).

In solid-state and soft strong material physics, there
are some materials with good electro-optic effects
(Miroshnichenko et al., 2017, Liw, 2009; Pozhidaev et ai.,
2013) that motivate the mode of the process of some of
the optical devices such as tunable spectral filters, optical
switches, polarizing converters and modulators. These
materials analyzed physically the pockels effect which
happened in nonlinear crystals such as Lithium Niobate
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Fig. 1: The refractive index of the material 1s altered when
the material 1s exposed to an electric field

(LINbO,) and applied externally microwave field on the
modulator. Tt has been proven that the electro-optic effect
is one of the mainly suitable properties that could be used
to achieve fast Q switching. Though, TiNbO, (LN), LiTaO;
(LT), KTi0OPO, (KTP) and BaB,0, (BBO) are widely used
as Pockels cells for laser Q-switching (Abarkan ef af.,
2017, Salvestrini, et al., 2003; Volk and Wohlecke, 2008).
For fast Q-switching, a driving voltage of 700 V and
switching voltage V of 220 with high and low-frequency
electro-optic coefficient was used for a comparison
between a doping concentration n LN: i crystal
materials. Another techmique 13 done by using
semiconductor materials for optical switching which
relies on the fact that the mterplay between photons
could be recognized effectively based on nonlinear optical
media. As one of the most important properties of the
optical materials, the non-linear optical response has
evaluated the possible interpretation factors of all-optical
switching to an enormous level According to this
approach, electro-optic effect is employed as nonlinear
Kerr effect, ie. (electro-optical and thermo-optical
switching) which realizes excitation under external voltage
(temperature variation) (Chai e al., 2017). Also, a high
power electro-optic switch based on mterferometer and
transparent electro-optic ceramics 1.e., lead magnesium
niobate-lead titanite PMNT lanthanum modified lead
zirconate titanate PLZT and characterize a class of
materials have relaxor properties which can easily create
polarization and exhibit high-quality electro-optic effects.
In addition, a nonlinear electro-optic effect was achieved
when applying an electric field to mduced changing of

Corresponding Author: Haidar N. Al-Anbagi, Department of Communications, College of Engineering, University of Diyala,
Baqubabh, Iraq, Haider_alanbaky2000(@yahoo.com
6885



J. Eng. Applied Sci., 14 (18): 6885-6889, 2019

efractive index with a high driving voltage at reach 1200 V
(Zhang et al., 2016). Another methodology uses current
driven phase change optical switch gate whose length of
several micrometers with large refractive index. This
switch manipulates the phase of the material While an
optical switch based on the effects of thermo-optic or
electro-optic could have a length larger than 100 um
(Kato et af, 2017). Where current driven phase change
optical gate switch employing Indium-Tin-Oxide (ITO)
heater and a silicon wave guide and injected 100 nsec
current pulse of 20 mA into ITO heater (Stanley et al.,
2016).

By comparing that with the technique of current
driven phase change optical gate switch, the researchers
proposed a model to handle the problem of large
length of an optical switch based on an electro-optic
effect by the applied electrical field on the electrodes of
optical-switch based on Lithium Tantalate (LiTaO,). The
proposed technique has reflected high performance of
electro-optical switch with low dnving electric field, small
size and wideband.

MATERIALS AND METHODS

The symmetric Mach-Zehnder Interferometer (MZT)
switch structure has been chosen to design supple
and high-speed switches with low driving voltage
requirements for smaller bandwidth  operation
(Stanley et al., 2016; Singh et al., 2008, 2012; Maat, 2001;
Zheng et al, 2011). Because of large electro-optic
coefficients, Lithium Tantalate (L.iTaO,) is an appropriate
selecion for MZI structure-based switches. These
switches have steady performance factors, yet for inputs
having a broad range of optical power levels. Also,
optical switches employ metal electrodes above the
mterferometric arms that produce an index of refraction
slope of an optical medium due to the effect of the
electrical field. This results into a bending mmpact on light
transmitted during the medium (Stanley et al., 2016) that
named phase modulation. Therefore, the mach-zehnder
interferometer as shown in Fig. 2, modulates wave
amplitude, Eq. 1 which is an incident electric wave. The
intensity To is separated into two arms of the
mterferometer, that is fixed in an electro-optic medium with
the lengths of the arm and refractive indices are equal:

E=E e1(erwt) (1)

0

Thus, the optical path length down each arm is the
same and constructive interference 1s obtained on the end
of arms with recombined of waves, therefore, 1f electrical
field E 1s applied in the direction of the extraordinary axis
of the medium the ordinary refractive index no will change
as:

Fig. 2: Mach-Zehnder Interferometer (MZI) based optical
switch

n,{E)= nn—%rﬁngE (2)

where, 15;1s electro optic coefficient of the medium.
the phase difference Ad will result because of effect
external voltage on the electrodes of the arms L. as:

AQ = nlr,n’E (3)
A
and intensity is:
-1, { Aj’] )

Whule, the recombined waves are:
E =E, cos’ (%)ei“{xm) (5)

Also, the switching voltage 1s:

& 6)

V= ;
Lr;;n;

where, d 13 distance separation between waveguide arm.
Therefore, the MZI optical switch operates as an ON/OFF
switch when intensity is maximum and zero intensity
for V =0and V = VT, respectively.

Electro-optic MZI switch: The electro-optic MZI switch
can act as bar state where the light which moves between
the input and the output waveguide and back agam to the
same side of the input. While in cross-state, the light
transfers from input to the other side of the output
waveguide. An electro-optic 2x2 MZI switch based on the
electro-optic effect as shown in Fig. 3 is divided into two
interferometric arms with ecual length coupled between
two 3 dB couplers. The gap between arms s wide enough,
so as to avoid evanescent coupling between them. The
first coupler is separating the light equally into two
branches which pass through the arms to achieve phase
change equal to 2Ad. The second coupler is
used to recombine the two beams on the end of the
switch,
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Fig. 3: The 2x2 MZI electro-optical switch based on
electro-optic  effect (Stanley et al, 2016
Papadimitriou et al., 2003)

Because of the phase difference, the constructive or
destructive interference is induced at the output and that
depends on the applied electrical field. Therefore, the
following equation explains the interference phenomena
as:

P, |:1+COS(A®)] 7)

—0
P, 2

This mterference due to the output light has a
periodic intensity with maxima and minima value
appearing at even and odd integer multiples of applied
voltage (Stanley ef al., 2016). By using thus techmque, a
mathematical model was proposed and switching
operation demonstrated theoretically. In this study, we
proposed Mach-Zehnder electro-optical switch for TiTaO,
based on the electro-optic effect (pockels effect). The
distance of separation between waveguide 1s 0.001 pm
and various lengths of electrode reach into 15 pum. The
Lithium Tantalate (I.iTaO,) was used which recognized
with large electro-optic coefficients and large refractive

index change for phase change material as shown in
Table 1.

Hence, substituting Eq. 9, into Eq. 8 will give:

Table 1: Wavelengths (1), electro-optic coefficients (r:3) and refractive index

(n,) for LiTa0;
Wavelength (nim) 33 (pm/V) 1, References
632.8 30.5+0.3 2.1763 Casson et af. (2004)
1558 27.4+0.3 2.1186 Casson et af. (2004)

Mathmatical model: Equation 8 illustrates the general
equation of an optical switch where the incident light 1s
divided into two parts (I, and T,). Where each one of them
has an independent optical path and then added up
together in a combiner wherever they interfere with each
other. Therefore, the laser diode 1s used. Thus:

%:2131 [(E,-1)+(1-E, Jcos AD | (8
2
Where:
[and I, = Intensity of light for the arm one and two,
respectively
E, = The Electric field of the waveguide

Therefore, if an electric field 1s applied to the
electrodes, an electro-optic switch will be achieved as
given in Eq. 9 by Yariv and Pochi (2007) that case:

g 80Vl (9)
Ad
Where:
A, = Relative refractive index difference (unit less)
V. = Switching Voltage (V)
L. = A Length of the electrodes (um)
A = An optical wavelength (nm)
d = A distance of the division between the electrodes
(pm)

28,V LY (28,V,L
L, Ad Ad

1|+ 1-2A1“V1TL cos AP
ad

Ad

L {amnan }{2ABVEL—7Ld+(Xd—2AnVnL)cosA@}
Ad

=y {SAi'\ﬁsz —4AnVnLXd+(4AnVnLXd—8AiV1fL2)COSAQ}

Aa’

(10)

I(SAZVILP-4A, V,LAd+{4A V,LAd-8AVIL Jcos AD)

21,1, =

21 :12(

Ard?
BAIVIL A, V,LAd+(4A, V,LAd-8A] VL Joos A@)

+1

1
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Adding Eq. 11 mto Eq. 10, it becomes:

I, [)&dz HBAZVILI-AA, VLA +(4A, V,LAd-BALV1Y ) cos[% nir, Xﬂ

A (11)

d (12)
b 23°d?
From Eq. 12-14:
Adcos™ 20
; L[ AT 4BAIVLIAA, V,LAd + 4A,V,LAd-SAZVEL? | (13)
n, =
’ AL,V
292
Ad cos™ 212 Ivsi72 ) d Iir272 (14)
I A'd* +8AIVIL <A, V,LAd + 47, V,LAd-8AZ VLY |
o
. alnlv
where, V, n, and r are DC bias voltage, refractive indexand 239 ... E=60V/m —
lectro-opti ffic tively. —— E=10Viun e
electro-optic coefficient, respectively R i .—--"""/’

RESULTS AND DISCUSSION

According to the proposed technique, the system
utilizes a scientific model by Eq. 13 and 14 based on the
fact that the refractive mdex 1s changing with respect to
the applied electrical field. In thus model, we used applying
a voltage of 30 V/um. This applied voltage results in lower
driving electrical field for this system with a small length
of electrodes which is less than or equal to 15 pum. This is
considered a good performance especially for 3 pm as
shown m Fig. 4 and 5. When using a different electrical
field as E = 60 V/um with a length of the electrode
is 3 pm, it can achieve a better refractive index as
shown in Fig. 5. Therefore, we have come up with small
size of MZI electro-optical switch. As shown in Fig. 6
and 7, the proposed methodology accomplishes better
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Fig. 4: Applying electrical field with different lengths of
electrode

—— E=40 VAim "

g
=
1

Refractive index (n)

1.5 4
1-0 = T 1 T T T T T L] T 1
600 700 800 900 1000 1100 1200 1300 1400 1500 1600
‘Wavelength (nm)
Fig. 5. Various electrical field with changing refractive
indices
s0q - E =60 Viim
l - E=10 Vi -
45 — E=30 Vium
E 40 - -— E=40Vium L
g ] )
3 307 .
>
k)
?
g
2
B

0600 700 800 900 1000 1100 1200 1300 1400 1500 1600
Wavelength (nm)

Fig. 6: Electro-optical coefficient as a function of
wavelength with variou selectrical field

6888



J. Eng. Applied Sci., 14 (18): 6885-6889, 2019

501

| --L=5um

45- L-3hm

0 -—L=10pm
g 357 —L=15pm _ .-"~
‘307 Lt -
§, 25- e T
2 2.7 T
E« 154 - —

—— _______.---“
£ 101 ________________._—-
8 5 -::_"::”/—-
5
0

T T 1 Ll L] L] L] T L] 1
600 700 800 900 1000 1100 1200 13Q0 1400 150G 1600
Wavelength (nm)

Fig. 7: Electro-optical coefficient as a function of

wavelength with various lengths

electro-optic coefficient when the length of the electrode
15 3 pm with the applied electric field of 10 V/um. Finally,
in this system, high performance with wideband is
achieved by using near-infrared wavelengths.

CONCLUSION

In this study, an electro-optic switch for LiTaO,
based on the electro-optic effect, i.e. (pockels effect) and
electro-refractive technique (Eq. 13 and 14) is proposed by
using a mathematical model with better performance, low
power consumption, small size and wideband. According
to this proposed method, a small length of switch
electrodes (about 3 pum) 1s used with low power (between
10 and 30 V/um) where the driving voltage is very low.
Based on the simulation results, good electro-optic
coefficient up to 50 pm/V is achieved in addition to a
refractive mdex of 2.5 using a wide band of near-infrared
wavelengths (632.8-1558 nm).

REFERENCES

Abarkan, M., A. Danielyan, S. Sewastianow, M. Aillerie
and N. Theofenous et al., 2017. The 122 electro-optic
coefficients in ndium-doped congruent Lithium-
Niobate crystals. J. Phys. Conf. Ser., 879: 1-12.

Casson, I.L.., K.T. Gahagan, D.A. Scrymgeour, R K. Jain
and JM. Robinson et al, 2004. Electro-optic
coefficients of lithium tantalate at near-infrared
wavelengths. J. Opt. Soc. Am. B., 21: 1948-1952.

Chai, Z., X. Hu, F. Wang, X. N and I. Xie ef al., 2017.
Ultrafast all-optical switchuing. Adv. Opt. Mater., 5:
1-21.

Kato, K., M. Kuwahara, H. Kawashima, T. Tsurucka and
H. Tsuda, 2017. Current-driven phase-change optical
gate switch using indium-tin-oxide heater. Appl.
Phys. Express, 10: 1-5.

L, I M., 2009. Photonic Devices. Cambridge University
Press, Cambridge, UK., ISBN:9781139441148.

Maat, D.H.P., 2001. InP-based integrated MZI switches
for optical communication. Ph.D Thesis, Delft
University of Technology, Delft, Netherlands.

Miroshmchenko, G.P., AD. Kiselev, AL Trifanov and
A V. Gleun, 2017. Algebraic approach to electro-optic
modulation of light: Exactly solvable multimode
quantum model. T. Opt. Soc. Am. B., 34: 1177-1190.

Papadimitriou, G.I., C. Papazoglou and A.S. Pomportsis,
2003, Optical switching: Switch fabrics, techniques
and architectures. I. Lightwave Technol., 21: 384-405.

Pozhidaey, E.P., AD. Kiselev, AK. Srivastava,
V.G. Chigrinov and H.S. Kwok et al, 2013
Orientational Kerr effect and phase modulation of
light n deformed-helix ferrcelectric liquid crystals
with subwavelength pitch. Phys. Rev. E., 87: 1-8.

Saleh, BEA. and M.C. Teich, 1991. Fundamentals of
Photories. John Wiley and Sons Inc., New York,
USA., ISBN-13: 9780471839651, Pages: 966.

Salvestrim, JP., M. Abarkan and M.D. Fontana, 2003.
Comparative study of nonlinear crystals for
electro-optic  Q-swich. Proceedings of the 3rd
International Symposium on Laser and Non Linear
Optical Materials, July 20-23, 2003, Keystone,
Colorado, pp: 449-458.

Singh, G., R.P. Yadav, V. Janyani and A. Ray, 2008.
Design of 2x2 optoelectronic switch based on MZI
and study the effect of electrode switching voltages.
J. World Acad. Sci. Eng. Technol., 39: 401-407.

Singh, G, V. Janyam and R.P. Yadav, 2012. Modeling of a
high performance Mach-Zehnder mnterferometer all
optical switch. Opt. Appl., 42: 614-625.

Stanley, AJI., G. Singh, I. Eke and H. Tsuda, 20l6.
Mach-Zehnder interferometer: A review of a perfect
all-optical switching structure. Proceedings of the
International Conference on Recent Cognizance in
Wireless Communication and Tmage Processing
(ICRCWIP-2014), April 29, 2016, Springer, New Delhi,
India, ISBN:978-81-322-2636-9, pp: 415-425.

Volk, T. and M. Wohlecke, 2008. Lithium Niocbate:
Defects, Photorefraction and Ferroelectric Switching.
Springer, Berlin, Germany, 1SBN:978-3-540-70765-3,
Pages: 249.

Yariv, A. and Y. Pochi, 2007. Instructors Seolutions
Manual for Photonics: Optical Electronics in Modern
Communications. 6th Edn., Oxford University Press,
Oxford, UK., ISBN:9780195224153, Pages: 356.

Zhang, XJ., Q. Ye, RH. Qu and HW. Cai, 2016.
High-power electro-optic switch technology based
on novel transparent ceramic. Chin. Phys. B., 25:
(034202-034202.

Zheng, C.T., C.8. Ma, X. Yan and D.M. Zhang, 2011.
Design of a specttum-expanded  polymer
Mach-Zehnder interferometer electro-optic switch
using two-phase generating couplers. Appl. Phys. B.,
102: 831-840.

6880



	6885-6889 - Copy_Page_1
	6885-6889 - Copy_Page_2
	6885-6889 - Copy_Page_3
	6885-6889 - Copy_Page_4
	6885-6889 - Copy_Page_5

