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Abstract

This research presents a technique of an
electro optic effect for suggestion model and it
optimizes implementation of an electro optics
switch using Mat lab simulation program (10).
this technique includes design a mathematical
model for analysis the effect of tensile
stress(ty), axial (tz)and radial (tx)strain on the
performance evaluation of an electro optic
switch also, it analysis an effect the change of
length AL and width Aw of arm of switch.
Finally, an active switch optimizes, using the
analytical model and considers important
device in the modern optical communication
system.

Keywords: Laser source , Electro optic switch,
tensile stress sensor, axial and radial strain
sensor.

Paper History: Received:
Accepted: (28/11/2016)

Introduction

(28/9/2016),

With the ever quick improvement of optical
fiber systems in nearby and trunk systems,
there is a willing interest on cutting edge
optical segments to completely use the colossal
channel limit of optical fiber [1]. Thus, it is an
inescapable pattern to create coordinated
optoelectronic gadgets to build the data
transmission, speed the reaction, and minimize
the structure. Electro-optic switches have
gotten to be vital parts of optical data change
in optical communication systems because of
their rapid and substantial limit [1-6]. In the
course of recent years, it has turned into an
earnest issue to outline and create optical
switches with accurate components, for
example, low switching voltage, short
switching time, wide wavelength range, high
extinction ratio, low polarization reliance, low
insertion loss and cross talk, and high security.
Likewise, awesome advancement has been
made in the structure as well as in the
materials. ! The sensible choice of electro-
optic material is one of the powerful
approaches to enhance the execution of
electro-optic switches [1]. Contrasted and
inorganic electro optic materials, polymer
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electro-optic materials have some phenomenal
components, including high electro-optic
coefficients, simple control of refractive index
and basic innovation processing [11-14].
Electro-optic material like lithium niobate has
refractive indices that can be changed by a
connected electric field as appeared in the
Figure 1. Numerous waveguide modulators or
switches utilize metallic cathodes saved on top
of optical waveguide to effectively apply the
electric field [15]. A moderate buffer layer
with low dielectric steady frequently saved
between the anodes and the substrate to
decrease the losses that are because of the
metallic coating of the waveguide [1]. The
proficiency of the gadget relies on upon cover
between the electric field and the optical field
[16].
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Figure 1: An electric field applied to an
electro optic material altered its refractive
indices

Electro Optic Effect

Mach Zehnder Interferometer (MZI) can be
utilized as active optical switch if a voltage is
connected as appeared in Figure 2 [16]. The
constraint forced by direct current modulation
of semiconductor injection lasers at present
limits the most extreme achievable modulation
frequencies to few giga hertzes [17].
Moreover, with most injection lasers fast
current  modulation  additionally  makes
undesirable wavelength modulation which
forces issues for systems utilizing wavelength
division multiplexing. Along these lines to
increase the data transfer capacity ability of
single mode fiber systems there is a demand
for high speed modulation which can be given
by integrated optical waveguide intensity
modulation. Basic on/off modulation might be
construct be situated in light of the systems
used for the dynamic bar splitters and switches.
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What's more a huge assortment of prevalently
electro-optical  modulation  have  been
accounted for which show great qualities [16].
For instance, an essential waveguide modulator
is based upon a Y-branch interferometer which
utilizes optical phases moving created by the
electro-optic impact [16]. The change in
refractive index displayed by an electro-optic
material with the use of an electric field given
by 8» = #5.0 nrE likewise gives a phase
change to light transmission in the material.
This phase change 3¢ is collective over a
separation L inside the material [16].
S¢=Ko, L €))

At the point when the electric field is
connected transversely to the course of optical
spread we may substitute for &, from &, = +5.0
n31rE givingl!

5p = Tn3rEL

— @

A

Besides taking E equivalent to V/d, where
V is the connected voltage and d is the
separation between cathodes gives [16]

an3rVL 3)
an3rvL

Ad
It might be noted from §¢ = - that so as

to decrease the connected voltage V required
to give a specific phases change, the proportion
L/d must be made as expanded as could be
expected under the condition [16]. A basic
phase modulator may in this manner be
acknowledged on a strip waveguide in which
the proportion L/d is expansive as appeared in
Figure 3. These gadgets when, for instance,
manufactured by spread of Nb into LiNbO3,
give a change of m radians with a connected
voltage in the extent 5 to 10V, consequently
gives optical switching [16]. The result of these
no uniform fields can be combine into a cover
fundamental a, having a worth somewhere
around 0 and 1 which gives a measure of cover
between the electrical and optical and optical
fields. The electro-optic refractive index
change of 5, = 5.0 n3rE in this way gets to be
[16].

3
an3rV
6¢ = =4

59 =
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Where the element a perform to the
effectiveness of the electro-optical
communication in respect to a romanticized
parallel plate capacitor with the same
separation between the cathodes. Mach-
Zehnder interferometer comprises of a couple
of waveguides which are parallel of each other
and isolated by a partition separation [16].
When electric field is applying, the refractive
index of the electro-optic material like lithium
niobate can be changed. Optical switches or
modulators use cathode plate which situated on
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the coupling locale to couple the information
optical signal. A cushion layer with low
dielectric consistent is included between the
anode and the substrate to lessen losses
because of the cathode plate [19]. Coupling
effectiveness of the optical switch outlined
depends to a great extent on the covering of the
optical field and electric field. With changing
the anode parameters, the coupling
effectiveness of the optical switch composed
can be improved [16].

The property of electro-optic can be utilized in
an interferometer intensity modulator. Such a
Mach Zehnder interferometer is appeared in
Figure 4 [16]. The gadget includes two Y-
intersections which give an equivalent division
of the info optical power. With no potential
connected to terminals, the info optical power
is part into the two arms at the principal Y-
intersection and touches base at the second Y-
intersection in phase giving a power most
extreme at the waveguide yield [20]. This
condition compares to the "no" state. Then
again when a potential is connected to the
cathodes, which work in a push-pull mode on
the two arms of the interferometer, a
differential phase change is made between the
signals in the arms [16]. The consequent
recombination of the signals offers ascend to
constructive or destructive interference in the
yield waveguide. Thus the procedure has the
impact of changing over the phase modulation
into intensity modulation. A phase shift of a
between the two arms gives the "off" state for
the gadget. Fast interferometer modulators
have been shown with titanium doped lithium
niobate waveguide. A 1.1 GHz modulation
data transfer capacity has been accounted for a
6mm interferometer utilizing a 3.8V on/off
voltage over a 0.9um cavity. Comparable
gadgets joining cathodes on one arm just might
be used as switching and are by and large

touched on to as adjusted bridge
interferometric switches [16].
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Figure 2: Mach Zehnder interferometer
switch
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Figure 3: A simple strip waveguide phase
modulator
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Figure 4: A Y-junction interferometric
modulator based on the Mach Zehnder
interferometer

Mathmatical Model

The equation (5), shows generally the
equation of an optical interferometer switch
when the incident light is split in two parts (I1
and I,), which follow independent optical path
and are merged again in a combiner where they
interfere with each other So, when the laser
diode is used then [21]:

21, — 1
2= 2E [(E, - 1)

I,
+ (1
—E;)cosAd ] (5)

Where I; and I, are intensity of light for the
arm one and arm two respectively and (E1), is
electric field of the waveguide . So, if the
voltage is applying on the electrodes as shown
in Figures 5, a phase difference A¢ between the
light propagation through the two waveguides
will be introduced. and which presents an
electro-optic active switch as shown in
equation (2), then [16].
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. 2A,V, L .
= d (6)
Where (Vz), is switching voltage, ( L), is a
length of the electrodes and (d), is a distance of
the separation between the electrodes and (1),
is an input wavelength.

So, Substituting Eq.(6), in to Eg. (5), vields:

2l =1, _ 2<2AHV,[L) [<2AHVHL 1)
L, Ard Ad
24,V L
(-
Ad

) cosao|

21, — 1,

I
_(4AHVHL) 2A, Ve L— Ad+ (Ad— 2A, VL) cosA®
“\ ad Ad

21, - 1,
I
[BAZVZIZ —4A, VL Ad + (44, Vy L Ad — 8A% VZ 1?) cos AD ]

A2d2
= BAZ V212 — 4A, V,LAd

+ (44, V. L Ad
—8A2V212)cosAD

(21, — Ip)(A%d?)

I

I
21, A2 d?
T X2d2 + 8A2VZ 2 — 4A, V, LAd + (44, V, L Add — 8A2 V2 LZ )cos A®

Q)

Equation (7) explains the relationship between
the intensity of light of electro optic switch
and the phase difference A@ where the phase
difference explain the parameter effects such
as the force of stress and the tensile stress on
the path of intensity of light for an electro optic
switch .The phase difference A is related by
equation (8), [22].

o= ) ()
2

n
- (7)[pxy + Pyy — V

+ Py ] ®)
Tx
T, - 7
T
Tz Ey X
D
Ap = (—) * T
2
Aw/w
T,

0= 2 [() (2)ar+ 211 -

(n?z) [(ny + Pyy) = AAVZ—Z+ ";Zpyy” 9)

Equation (9) explains the difference of phase
(Ad). Where the stress , strain , the change of
length (AL)and of width(Aw) of an arm of
electro optic switch considered in eq.(9).

21

Where: K = - K= wave number, L= The

length of the crystal arm in the electro optic
switch( um) , (d) is a distance of the separation
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between the electrodes, A =Free space
wavelength  of the laser in ( nm) , n=

Refractive index (unit less), AT = Temperature

difference in (k) , Z—: = thermo optic coefficient

in K1, 1« = radial strain in (u-epsilon) ,t; =
axial strain in(u-epsilon) , ty = Tensile stress in
(N/mm?) and py,and py, = pocket coefficient
, G = Young's modules in Gpa , v = Poisson’s
Ratio , Aw = the change in the width of crystal
arm in um , w = the diameter of the crystal arm
in um and AL = the change in the length of
crystal arm in the pm.
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Figure 5: Illustration electro optic switch
with tensile stress, axial and radial strain
sensor

Simulation and Results

If a force in the form tensile stress is applied
on an arm of an electro optic switch, the axial
and radial strain will be produce and this result
to change the length AL and width Aw of an
arm of switch as appeared in Figure 6, Table 1
and Table 2.

From Table 1, the force is applies from 50 into
550 MN on the arm of optical switch where the
length of an arm L is 10 mm and the tensile
stress, axial strain and change of the length of
an arm AL increased gradually from
9.94718*18% Mpa, 0.09947 (u epsilon) and
0.994 mm until its reach extreme value
1.09419%10° Mpa,1.0941(n epsilon) and
(10.941) respectively.

Also, from the Table 2 when it applies the
force from a value 50 into 2600 MN on an
arm’s switch which the width of an arm (w) is
80um so, the tensile stress, axial strain, radial
strain i.e., (width strain), and the change of
width of an arm (Aw) are increased
progressively  from  9.94718*18°  Mpa,
1.0941(u epsilon), -1.989*102,and 1.591 into
its extent extreme value 5.1725*10° Mpa,
5.1725(u epsilon), -1.0345, and 82.76 um
respectively. So, when AL, Aw extent to
extreme value 10.941mm, and 82.76 pm
respectively, these leads to the arm of an
electro optic switch will be an inactive and
this due to, that an interference signal of an
electro optic switch is removed because of the
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damaged of an electro optic switch. From all of
this, it can be suggested a mathematical model
where an equation (7), as shown in a previous
section, to analysis these results and a damaged
can be remove by using this technique.

From these Figures 7, 8 and 9, it can be noticed
the waveform whose amplitude goes on
decreasing gradually with time are called
damping wave. So, when it applies the force
the normalize intensity decreasing in the form
damping wave and the power losses
continuously with increasing the tensile stress ,
axial strain and radial strain as shown in
Figures 7, 8 and in Figure 9, it may be noted
that relation shows inversely because of the
normalize intensity decreasing with increasing
radial strain from 0 into -1.4. So, the
performance of the electro optic switch affects
with decreasing normalize intensity on the
other hand increasing stress and strain.
Otherwise, the efficiency of an electro optic
switch is better. Also, from Fig.(10), when a
force is increasing gradually the normalize
intensity is decreasing into -20 and it results to
decay of interference signal , addition to, from
Figs. (11 and 12) when the AL and Aw value is
larger than 9 mm and 80um respectively the
normalize intensity is decreasing and this leads
to weaken the interference signal otherwise if
the value of AL and Aw are less than 1mm and
1um equal to O respectively i.e.( AL<1 mm and
Aw<lpm or equal to 0), the normalize
intensity is high and the performance of
switch works with higher efficiency.

Force

Axial strain = AL/L

Radial strain = Aw/w

Force

Figure 6: Illustration applying force on an
arm of the electro optic switch
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Figure 7: The tensile stress verses of
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Figure 12: The change of the width(Aw )of
an arm verses of normalize intensity

Conclusions

In this research, we introduced a mathematical
model is an effective way to improve the
electro-optic switch sensitivity when the
normalize intensity is relatively high and it can
improve electro optic switch performance by
reducing an effect of the tensile stress, axial
and radial strain. We discussed the impact of
increasing stress and strain effect on the
performance of electro optic switch therefore it
can be concluded when the stress and strain
increase the normalize intensity decreases in
the form damping wave and this leads to losses
of power therefore this leads to decreasing a
performance of electro optic switch thus it
results a damage the arm of electro optic
switch. We concluded the performance of
electro optic switch can be improved by
decreasing the change of the length AL and
width of an arm Aw i.e. .( AL<1 mm and
Aw<lpm or equal to 0), which result from
increasing the axial and radial strain therefore
they limited by controlling on the axial and
radial strain. Finally, we presented a
mathematical model it has ability to suppress
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the effect of stress and strain by evaluating its
effects (i.e. F <50 MN).
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