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ABSTRACT

We designed a high sensitivity optical biosensoseldaon
Mach-zehnder Interferometer (MZI) by covering thidica
waveguide with single atomic layer of graphene migte
Graphene was applied to the arm of MZI in certaimgth. The
upper arm was set an important key as the refergigoal. The
sensor sensitivity was determined mathematicallymfrthe
power difference launched at the output ports. @sults shows
novel optical absorption of hybrid waveguide applia MZI
arm. The presence of sample, which induces thetaféeindex
of the hybrid waveguide, significantly changes phase of light
propagation and the power ratio at the output partsch
determines the sensitivity. Finally, we showed dfffect of the
distance between the graphene to the core andetigthl of
graphene on waveguide of MZI

KEY WORDS: Biosensor, graphene, MZI, sensitivity, power
ratio.

NOMENCLATURE

MZI Mach-Zehnder Interferometer

P Power Amplitude

a Absorption Coefficient

GoW Graphene on Waveguide

AL Difference sensing-active length.

1.0INTRODUCTION

The use of optical component in communication sgstnd
sensing application has been greatly expanded st peo
decades. In communication the optical components ha
transformed from the technology from the electrsnio the
photonic principle of operation. It includes diiecial fiber
coupler, wavelength division multiplexing (WDM), tigal
switching, routers, splitters, combiners, ring restor, and all
mach-machzehnder interferometer (MZI). Other imaatt
application was utilizing the optical component lsochemical
detection. For example the use of fiber bragg ggsti(FBG),
ring resonator, taper fiber, and MZl in various s@n
application such as blood identification, DNA, Riat tissue
etc [1-7].

Recent years, an integrated optical MZl was used fo
biosensor based on a fabrication technique of Mihgi Ag -

Na ion exchange in a glass substrate [8]. The fisersor was
demonstrated to monitor a biomolecluar interactigrbuilding

up protein multi layers on the sensor surface. Feesor
performance then was characterized with respectbutk
superstrate index and by the formation of multipletein
adlayers using a biotin-avidin-based biochemicatay. In
Other work, the integrated planar optical waveguide
interferometer was also designed for biosensor. Saesor
sensitivity was investigated based on the evanéscen
electromagnetic field of the guided light penetiaséghtly into

the surrounding material [9].

Graphene becomes a novel material which has been
presented in recent years. It promises dual prigsedf high
impact of mechanical and optical characteristithvétpotential
application [10]. Resent study shows that the siamgously
tuning the graphene sheet size and crosslink merhan an
optimal design of graphene based papers can Hadisktd with
well appreciated mechanical performance. This des@mncept
is reminiscent of many nature materials such ase®cnd
mollusk shells [11]

In this work, we utilized a basic of 2 X 2 MZI bpwering
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the arms with graphene in single atomic layer thigke
presence of the graphene on waveguide has chahgeaptical
properties of the waveguide namely hybrid regiohisTregion
becomes very aggressive and sensitive to the vwasamples
which changed its properties such effective indExis paper
also presents the power propagation in the hybadeguide of
MZI as function of the operational wavelength. Thewer
output ratio is then depicted as function of thesception
coefficient which means that high absorption cogffit
produces high power difference at the output teamof MZI

and yields high sensor sensitivity.

2.0 DESIGN AND DETERMINATION OF SENSOR

SENSITIVITY
Mach-zehnder interferometer (MZI) is a great opta=vice that
allows two optical signal interact at two its arms.

The power propagation in the MZI significantly deds on
the coupling coefficient which contribute to sglitd to combine
the input signal before and after propagating e ahms. If the
electric field of input port 1 and input port 2 afenoted byE,

and E, respectively, and the electric field amplitudes tta
output ports 1 and the output ports 2 are denoyedE},, and

Eo., » the optical propagation of MZI irz -direction is

basically expressed in term of the matrix transf@snfollows
[12]:

Eoutl _ -’ + Clzz_l —jCS(1+ Z_l) Enl )
Eoutz _]CS(]. + Z_l) sz - Szz_l Einz

wherec, =,/1-k; andC, =,/1- K, are the constants of the

coupling coefficient of the MZI, angs = —jsin(8) = —j\/; .
Therefore, the output spectrum at both output pats
Pous = |Eows|” @nd Poy, =|Eqyo|” - The length of two arms

and the coupling coefficient play an important keyvide range
of application includes passive devices and sensingddition,

the absorption coefficient is often utilized to toh optical

switching, in other way it is also utilized to getrious range of
sensor sensitivity.

Design of MZI as sensing tools by utilizing an aas the
reference, and the other one as the sensing aeaensitivity
which is determined by the power ratio can be matitieally
approximated as follow,

Prax _ exp(al,)+ expeal, ¢ 2expta I(,+L, )/2)

Pun  €XpCal,)+ exptal, ) 2expta I(;+L, )/2)
1+expeal, /2)) (4 Y
1+exp@AL, /2) ahL,

Where AL = L, — L, is the difference sensing-active length.
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Figure 1: Schematic Diagram of MZI for Biosensor

The interesting phenomenon is to disturb the albisorp
function of two arms. In this work, we cover thewsguide of

two arms by Graphene material with certain lendthand L,

as shown in Figure 1. By considering the graphera single-
atomic layer thick, the absorption coefficient dedetermined
from the inter band transition conductance as

e? / 4g,hic = 2.3%][13]. For a dissipative media per unit area

(Q)¢ such as Graphene on Waveguide (GoW), the optical

absorption when propagating inside GoW can be ohéted as

the Ohmic Loss or resistive dissipation as follds][

£<Q>sdr2=1/2£JSEE[dr2=%£IEIIZdr2 )

Where g, = €/4nis the AC conductance of the graphene for
inter band transitionE, is the transverse component of electric
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field and Jgis the induced surface current. In case of optical

intensity makes a normal incidence, the approxionagjiven by
Equation (3) can be applied to get the absorptmefficient of

Qs o _

I £,.C

the 2.3%.

Incidence

In case of GoW with mach-zehnder interferometer
configuration, the absorption coefficient can béten as,

a= —im (4)
P(z) oz

Since the absorption in this calculation workstfo dissipation

area (Q), , Equation (4) is equal to the integration of the

dissipation per unit area along the interactiorgien(graphene
layer)L in Xdirection. It can be mathematically expressed as,

Q)L (5)

P(2) 1 2P()

Futuremore, the electromagnetic field amplitudi, will

exponentially decrease as functionlof. Now, by assuming the
absorption coefficient is also decrease exponéyial function

of the distance above the top surfacendy) = a,e>”, where
yis field decay constant outside the waveguide, dhgput

power of MZI, which its arms covered by graphenesingle
atomic layer, can be written as follow.

R./4{exptal, )+ exptal, }

2exp-a [ +L, ) cos(@n, AL/A }} ©

Equation (6) describes the optical power at thewauport of
MZI which is determined by difference length of God/two
arms.

3.0RESULTSAND DISCUSSION

The propagation of light in waveguide is determirsd the
geometrical structure such as refractive index, egaide size,
material characteristics, absorption coefficientl gmopagation
constant. We found that the graphene layer induce
absorption coefficient of the waveguide. This hglbtype of
MZI provides a good sensitivity as sensor devicea\W input
signal was launched in to input terminal 1 of MZI.

This signal will be split by fiber coupler with cpling
coefficient equal to 0.5. This coupler will dividtae input
signals symmetrically in same value. One signgrépagating
in the upper arm, and the second signal is propapat the
lower arm. These signals are then combined againthiey
coupler with coupling coefficient equal to 0.5 befdoth two
signals released at the output ports.

—

A. Power Transmission

The presence of graphene on waveguide shows that th
absorption coefficient was significantly changee thpical of
power transmission. Power transmission of the ldyMZI was
simulated in the difference length of graphene neten the
waveguide. Figure 2 shows the effect of the graphenthe
effective index and the power transmission of th&l MNe
confine the length of graphene on the waveguidenfia=0
micron to L=80 micron. The power transmission was
significantly changed with sinusoidal profile. larc be seen
clearly also the effective index was very much dejseon the
length of graphene on the waveguide.

Our result shows that the effective index was eerptally
decreased from 3 to 1.5 by increasing the lengtigraphene
layer from 7 micron to 25 micron. We note here thatchange
of effective index due to length of the grapheneitadbecomes
weaker for higher order of sinusoidal waweor example to
change the effective index from 3 to 1.5 requitesihcreasing
of the length of graphene layer from 40 micron @ @his
properties promise difference range of sensor Beihgi
application. In this case the first order (7 micton25 micron)
has sensitivity higher than second order of effectindex
change (40 micron to 67 micron).

// I
0/,,//,

L
I

. '«, v,wv/w

deltaL (m)

Figure 2. Effect of the length of graphene layer to the power
transmission and the effective index.

B. Absorption Coefficient
The absorption coefficient of the hybrid waveguafeMZI not
only changes the characteristic of the power tréassion, but it
induces the ratio of power released at the outmutsp The
sensor sensitivity determined based on power diffee at the
output ports, it becomes important sensor paramefégure 2a
shows that power ratio was exponentially decreasefilinction
of the increment of absorption coefficient. Thicbmes a gold
results supported by the effect of difference lanaft graphene
layer on the upper and lower arm. This propertesds$ to
design all MZI device for biochemical sensor in i
sensitivity range by setting length of grapheneetagn the
waveguide.

Another important parameter is the distance of lyeap
layer on top of waveguide. Since the graphenessidited on
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the substrate by using MOCVD methods, this allowse
micrometer space between cladding and the graghgee

—— delta L=50um
3.5f —+— delta L=75um |
—— delta L=100un

Power Ratio (dB)
N

0.04 0.06 0.08 0.1 0.12 0.14 0.16
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Figure3: Power ratio at output ports change by absorption
coefficient

Figure 4 depicts the absoption exponentially demeéaor
longer distance between them. Certainly, this distais the
second choice to adjust the absorption coefficiantase of
difficult to maintain the langth of interaction igth of graphene
on the waveguide.
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Figure4: Effect of the distance of graphene layer on top of
waveguide.

C. Sensor Sensitivity.

The sensor sensitivity was successfully determaedunction
of interaction length of sensing area. It can bense Figure 3
the sensitivity profile of the MZI which was detémed based
on the power difference detected at the outputspdue to the
presence of sample at the sensing area. We cathae¢he
hybrid MZI, denoted by solid line high, has betsansitivity
compared with the conventional Silica waveguideM#l as
given by the dash line. In general, two materidl shows a
good agreemen, where the most sensitive regionciepin
range of interaction length between 0.1 micron 4amaicron.
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Figure5: Sensitivity profile of purposed MZI design

The sensitivity initially increase in high gradienntil it
reachs maximum value. It then shaply decreased artmit
where the sensitivity remains decreasing gradud@lys profile
of hybrid MZI promise a good sensor for wide apgiion in
biochemistry for sample detection such blood, pnot®NA
analysis etc [14].

4.0 CONCLUSION

Conclusion The study of hybrid Mach-Zehnder intexfeeter
(MzI) shows that the effect of graphene layer te Waveguide
changes the effective index and absorption coefiici By

covering the waveguide with single atomic layerckhiof

graphene enhances the absorption coefficient. Hemvethe
effective index significantly changed by changihg tength of
graphene layer on the waveguide. Hybrid MZI prontiégh

sensor sensitivity compared to the conventionalicasil
waveguide which can be controlled by adjusting lregth of

sensing area. The distance of graphene layer tolddeing also
affects the absorption coefficient. the absorptoefficient

exponentially decreased as function of the lengtieraction
increment.
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