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Abstract

In this paper an edge filter based on multimoderfatence in an integrated waveguide is optimizedaf wavelength
monitoring application. This can also be used aemodulation element in a fibre Bragg grating semsystem. A
global optimization algorithm is presented for tgtimum design of the multimode interference devioeluding a
range of parameters of the multimode waveguideh sisdength, width and position of the input anthatwaveguides.
The designed structure demonstrates the desiretirabeesponse for wavelength measurements. Faioricilerance is
also analysed numerically for this structure.
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1. INTRODUCTION

Various techniques for wavelength measurement Haeen recently proposed for deployment in Dense
Wavelength Division Multiplexing (DWDM) for opticalommunication systems and for interrogation ofagpbtsensing
systems based on a wavelength-shift mechanism, ascfiber Bragg grating (FBG) sensing systems. ghatted
wavelength monitors based on planar lightwave digcbave a range of advantages, such as low fdioticaost,
compact size, high scalability, fast response, aad physical robustness in comparison with waglemeasurement
systems based on bulk components. To date, thgratezl wavelength monitors reported in the litexatinclude
directional couplers, multimode interference (MMPuplers, arrayed waveguide gratings and a Y-bravithh an S-
bend arm [1-4].

An MMI coupler has a simple structure and is conioerally used as a beam splitter/combiner. An irdeed
wavelength monitor based on an MMI structure expltie wavelength dependence of interference aoguwithin the
multimode waveguide section. Although the well-kmoself-imaging principle is useful in designing Ml structure
as a splitter/combiner [5], but it is beyond theataility of this method to design an MMI structuceact as an edge
filter for wavelength measurements. A design proced6] has been reported previously where a Seit@mgth for the
multimode waveguide section can be found througinising the multimode waveguide length to achiewedptimal
MMI parameters at a given waveguide width.

In this paper we present an alternative design adefor an MMI structure based wavelength monitaat th
includes the following steps: 1) generation of avrset of parameters; 2) acceptance of the new pdeas; 3) cooling
schedule and termination. In the optimization of tMI structure, both the length and width of theiltimode
waveguide section and positions of the input antgutuvaveguides are considered, and a global opditioin algorithm
associated with a simulated annealing algorithri(Qyis employed. The fabrication tolerance of tlesigned structure
is also analysed in this paper.
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2. OPTIMIZATION OF AMULTIMODE INTERFERENCE STRUCTURE FOR
WAVELENGTH MEASUREMENT
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Fig.1. a) Schematic configuration of a ratiometvavelength monitor with an MMI structure in one abhdesired spectral response
of the two arms and output ratio between the twosar

As shown in Fig. 1, the integrated wavelength maorig a Y-branch with one arm serving as a refezeard the
other arm contains an MMI structure acting as agediter. The corresponding physical parametegsaa follows: the
waveguide cross-section ignx5 um. The considered wavelength range is from 150Gan@600 nm and the desired
spectral response of the edge filter is from 5QalB. The search range for the width of the MMitem is from 20 to

50 um. As shown in Fig.1, a linear and monotonicallgréamental spectral response for the ratio ovemtéreelength
range is desirable, i.e.,

A=A
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where Ly and Ly is the transmission loss at the wavelengthand /,, respectively. To optimise the multimode
waveguide structure for the wavelength measurerapplication, the length and width of the multimosketion, the



positions of the input and output waveguides, i.e(.L,W,Xl,XZ) presented in Fig.1la, are considered in the
optimization procedure and the objective functi®defined as:

A

Foi = j

A
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where LS (/]) is the desired transmission as presented by )Eqr(dfs(/],W, L, X, X2) is the actual transmission of

the multimode waveguide structure. The transmissésponse of the multimode interference structsi@lculated with
the beam propagation method. The beam propagat&thoah is chosen as it takes account of the leakdngation
occurring at the interface between the multimodée singlemode waveguides in the MMI section as opgds the
guided-propagation analysis [5, 11] which doesawoutsider this radiation.

Reasonable searching ranges of these parameteesthalve defined before implementing the optimizatio
program. Although these four parameters are inddg@nfrom each other, the sensible searching ranfehe

parameterd., X, and X, are related to the widt#V of the multimode waveguide section. For exampde,d given

width W of the multimode section, the input and output @gides should be located witl{ﬁh W] which means
that the searching ranges for these two paraméé&rsnd on the width of the MMI section. Furthermfvoan the self-
imaging principle, it can be seen that the beagtler. . between the fundamental and first-order eigenmadeke

4nW?

MMI section has a close relationship with the wigthrameteV (L = , h is the refractive index of

waveguide core and is the wavelength in free-space), which also ssiggthat the searching range of the length
parameter depends on the width of the MMI secfidrerefore, for convenience when implementing thénupation, a

new set of variables are defined AeZ{A,i =1,2,3,Z} with a searching range fro" to A" based on the
structural parameteréL,W,Xi,Xz). The corresponding relationships between these dete of variables are: 1)

A=W, AiL and Aiu are determined by the waveguide parameters inifgpamptimization examples; 2)

A, =%_ and the corresponding searching range is chosemnndr the beat length, e.gA; =05 and
Vs

A;J = 1.5(using multiple beat lengths is also possible butill increase the length of the device); 8, = X, /W,
A> =0, A) =05;4) A, =X,/W and the searching range & =0, A, =10 (note: the searching ranges for

variables A; and A, are interchangeable).

The simulated annealing method is chosen as thmiaption method in this paper. It is a stochasgarching
technique which can work without being trapped Hgaal minimum. There are three key proceduresniplémenting
the simulated annealing optimization:

1) Generation of a new set of parameters. A nevarpaterA"eW is generated from the old paramel&?Id

according to the formula A™ =A™ +y (A’ -A") , where Yy is determined by
|20 -1
Y, :sgr(ui - 0.5)T(k) (14-%} —1|, whereu, is a random number uniformly distributed in thege

[0,1], T(k) is the annealing temperature at tikne



2) Acceptance of the new parameter. Compare theevaf the objective functiork (A”ew) with that of

(Aold) ,

obj
Foy (A™) . 1f Foy (A™) < Fy, (A™), the generated set of variables are acceptdlyI(A"™) = Fy,

newy _ old
we compareexp[—(FObj (A™) = Foy (A ))/T(k)] with r (r is a random number uniformly distributed in raf@e

1]). 1f exp[(F, (A™) = F_. (A"))/T(K)] =1 , we also accept the newly generated parametengrvase,

obj obj

A™ is rejected.

3) Cooling schedule and termination. After the abtwo steps, i.e., parameter generation and aguEpfaocess,
the temperature is cooled down with the exponentanealing scheduleT =T, exr(— CklM) , Wwhere

c= mexp(— %) and the final temperature is definedlas = exp(m) to terminate the optimization program. The

cooling down schedule of the simulated annealintgrdpation can be adjusted through tuning tieand N parameters.

3. NUMERICAL EXAMPLE AND FABRICATION TOLERANCE ANALYSIS

As a numerical example for the above integratedelength monitor, a buried silica-on-silicon wavetgiiis
chosen and the corresponding parameters are: treéradices for the waveguide core and claddirg Ry, = 1454

and N, = 1445. The singlemode waveguide cross-section isn&5 pm. The considered wavelength range is from

1500 nm to 1600 nm and the desired spectral respuirthe edge filter is from 5 to 20 dB. The sbarg range for the

width of the MMI section is from 20 to 50m. Based on the above proposed annealing optimizgtiogram, the final

results for the multimode waveguide section are @, L=4402um, x1=20.4um, and x2=40.7um. With this set of

structure parameters, the corresponding specspbrese is plotted in Fig. 2 using a solid line vattransmission from
7.17 to 21.3 dB over the wavelength range from 1800600 nm. For comparison the desired spectsglaese of the

MMI structure is presented in Fig. 2 by way of alaked line. From Fig. 2 it can be seen that thegdesi structure has a
suitable spectral response for wavelength measuntemEor this configuration, the theoretical refme arm has a
constant transmission of 3 dB. Therefore, the idatd curve is the transmission of the above Milicture minus 3

dB.
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Fig. 2. Spectral response of the optimised MMI ddtrce.



To illustrate the light propagation within the whallevice, corresponding simulation results at wengths of
1500 and 1600 nm obtained with the beam propagatiethod are presented in Fig.3a and Fig.3b reségetilt can be
seen that the transmission responses of the oatputvith the MMI section are different at these twavelengths. The
designed MMI filter results in a transmission lo$&.17 dB at a wavelength of 1500 nm (Fig.3a) ahd wavelength of

1600 nm the corresponding transmission loss is @B.3Fig.3b).
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Fig.3. Modelled results for light propagation witlthe proposed configuration at two wavelengthd&)0 nm and (b)
1600 nm.



To investigate the fabrication tolerance of theiglesd structure, we calculate the spectral respohsee MMI
structure with a disturbance to the optimised patans. Corresponding results are presented in.FAgdisturbance of
=5 um to the length of the MMI section leads to a maiwvariation in transmission of 0.43 dB. For a macturing
tolerance range af 0.2 um to the width of the MMI section, the positiontb® input waveguide x1, and the position of
the output waveguide x2, it is 4.0 dB, 0.14 dB, arll dB respectively. From these results, we eartisat the designed
device has a good fabrication tolerance excepegand to the width of the multimode waveguide sectHowever,
from Fig.4b it can be seen that nevertheless tleetbpectral responses are all suitable for waggiemeasurements.
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Fig.4. Spectral response of the designed strugtithedisturbed parameters a) L=44Hum; b) w=46:0.2 um; ¢) x1=20.40.2 um;
d) x2=40.20.2um.

4. CONCLUSION

An integrated ratiometric wavelength monitor hasrbgresented, which uses the multimode interference
structure as an edge filter. For the MMI structutes length and width of the multimode waveguidetise, and
positions of the input and output waveguides atéroped using the global optimisation algorithm-glated annealing.
Based on the simulated annealing optimization élyor, the final calculated results for the multinrodaveguide
section are W=4@m, L=4402um, %=20.4um, and %=40.7 um. A specific spectral response has been achievid w
the MMI based edge filter: 1) the baseline loss.is7 dB@1500 nm and 2) the discrimination range (lower
difference between transmission at 1600 nm and b&@0s 14.13 dB. These values for baseline loglsdiscrimination
range are typical of those found in real systentsae competitive with other approaches to edger fimplementation.
The designed MMI structure has a spectral respengable for wavelength measurement and it also eha®od
fabrication tolerance shown by the disturbanceyammabf the optimised parameters.
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