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Robust optimization of an integrated photonic device affected by parametric
uncertainties is exhibited. The optimization is performed on an approximate, cheap
model of the expensive integrated photonic device simulation. This model is codstructe
using an interpolation technique known as Kriging. To illustrate the method, we
robustly minimize the imbalance of an MMI coupler affected by an etching uncertainty
that causes dilation or shrinkage of the fabricated device geomegyoblast optimum

is found by minimizing the maximum realizable value of the imbalance with respect to
the uncertainty set. The method can be applied to other photonic devices affected by
uncertainties.

I ntroduction

The feature size of integrated photonic devices is steadily becoming sMéttethis
reduction in size, sensitivity to fabrication variations becoacese If the designer does
not takethe limitations of the fabrication procesdo account, the desigd devices
either can’t be fabricated bave low yield.

These uncertainties may arise due to variations in the material properties,
fabricated design geometry, temperature variatieltsUncertainties can be categorized
into two types. Parametricncertaintiesaffect the problem data or parametesile
implementation erraaffects the design variables of a probl@the design variabkeare
variables that arecontrolled by the designer to direct the optimization process.

It is assumed in this worthat only the bounds within which each uncertainty
variesare knownwhile the probability distribution of the uncertainty sstnot available
In this situation, the robust optimization of a device is performed by finding the best
worstcase solution for the objecéwvith respect to the uncertainty set. Wplg the
optimizationon a cheapnodel of the computationally expensive integrated photonics
simulation The metamodel, based on Krigig)], is constructed by sampling the
expensive integrated photonics simiga usinga spacdilling technique known as
Latin hypercube sampling (LHSJ2]. We showcase theapplication of robust
optimizationon an integrated photonic devid®/ minimizing the imbalance of a 2x2
multimode interference coupler affected by variations in its fabricated desigmedry.

This paper is related to the work by Rehnediral [3], in that metamodellings
used to apply robust optimization on an MMI coupler in batrks. The researclhy
Rehmanet al [3], however,was focusedon applying robust optimization omn
integrated photonic devicaffected by implementation error. In this tkpwe apply
robust optimization on aimtegrated photonic device under the more general supposition
that the devicés affected by parametric uncertainty

Robust optimization of problems affected by parametric uncertainties
A deterministicunconstrained dpnization problem is an optimization probletiat
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does not involve uncertainties. Such a problem is defined as
minf (X) @

where,f (x) is the objective and is the set of design variabléd/e now assume that

our problem is affected bymarametric uncertaintyParametric uncertainties reside in a
dimensionthatis sparate from theesigndomain.Let us denote theet of parametric
uncertaintiesas Ap , where Ap belongs to the uncertainty sét. In order to find the

robust optinnm we mustminimize the maximum possible realization of the objective

f (x, Ap) with respect to the uncertainty ¢t This can be defined as
ming(x,Ap) ®

where
g(x,Ap) = max f (x,Ap). @3)

g(x,Ap) represets the worsttase cost of the objective with respectio We seek to
find the best worstasecost, which means that vmeustminimize g(x,Ap).

Numerical Modelling

Robust optimization is applied on an approximiteying [1] model of the expensive
integraed photonic device simulation. Weenstructthe cheap modeby sampling the
expensie simulationusing design of experiment®e use a spadidling technique
known as Latin hypercube sampling to provide trsssaplinglocations.

Kriging is an interpolatio techniquethat usesa parameterize@aussian basis
function. The values for thainknown parameters are chosen by the Kriging fitting
process such that the likelihood thie observed data is maximized. Based on these
parameters, the Kriging interpolation is performbeg maximizing the combined
likelihood of the observed data and the Kriging prediction.

Robust optimization of integrated photonic devices. MMI coupler

A multimode interferenceoupler is avell-known integrated photonidevice which is

used to split, combine or couple ligd§. In this work, the focus is odesiging an

MMI coupler thaiperforms 3dB splitting of the input lighThe device is simulated in

PhoeniX software[5]. The coupler is designed in Silicom4nsulator (SOI) and

operates at a wavelengthhb5um. A mode solver is used to compute the length at

which we should ideally observe 3dB splitting, given a nominal widiV ef1.5um.
Sl i~ Ap

input outpit
ports ports

Fig. 1: 2x2 MMI couplertop view. The dashed line shows thition due to etching uncertaintp
The corresponding lengtior 3dB splitting wasL=8.23um. Ideally, his shoudl
be the lendt for 3dB splittingwhen no uncertainty is involveBidirectional eigenmode
propagation (BEP) is used as the propagation simulaftmmpropagationsimulationis
needed to analyzée performanceof the MMI coupler in the premce of uncertainties.
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Optimization problem definition

It is assumedhat during fabricationthe etch step is only accurate up to a range of
U =[-30nm,30nm]. This etching uncertaintz\p causes a dilation shrinkage of the
whole geometry, meaning the principal MMI waveguide as well as the input/output
ports. The length and width of the MMI coupéee used as design variables

Since our focus i®n achieving3dB splitting, the imbalance between the two
output prts, in the presence of the etching uncertainpy, needs to be minimized. The

imbalancds defined as
Imb=10log, B/P,) @

where B and P, arethe powes at theupper and lower output poréspectively The

robust optimization problem, in the presence of the uncertaimfycan be written as:
ming(LW,Ap) @

where
g(LW,Ap)=max{ (mb(L,W,Ap)*| @

The design domain is limited to #4%variation around the nominal vakitor L and
W. We take the square of the imbalarsm thatthe responseremains positiveand
differentiable.

Results

In this work, we compare the relative effectiveness of two sampling séstedind the
robustoptimum on the MMI coupler. fe firststrategyis al-stage approach whetiee
design space is sampled across the three design variabdésy LHS, at
N = 40locationsand the response is computed on the expensive Mikulation A
Kriging metamodel is constructdohsed on the samplesd robust optimization is
applied on the resulting design landscape.

Tab. 1. Robustoptimization of imbalancef a 2x2 MMI coupler under parametric uncertainging t
stage and-8tage approach

1-stage approach 2-stage approach
W (um) 1.507 1.506
L (um) 8.281 7.905
Ap (um) 0.006 0.006
Kriging worstcaselmb(dB) 0.432 1.440
True worstcaselmb(dB) 2.179 1.755

The second strategy is z&astage approach where, at the first stage, the design
space is sampled af = 25 locations using LHS and the robust optimum is found based

on the Kriging metamodel of the response at these locations. We then samplegiie desi
space again amh, =15 locations in a local region centered around the robust optimum

found at the first stage. A Kriging metamodel is built based onrthesamples and
robust optimization is performed in this local region.
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The robust optima found using the two approaches are compared. Tab. 1 shows
the results.The respetive robust width and length values found through the two
methods ee shown in Tab. 1. The table also shows both the liest worstcase
imbalance found on the expensive simulation of the MbHt the respective length and
width valuesas well as the \aes for Apat which thisbestworstcase result is found.

Comparing the worstase imbalance on the expensive MMI simulation for the
two methods, we note that thestage approach provides a result that is 0.4 dB better,
I.e. lower, than the-$tage approach. In both cases, this woase result is not found at
the boundaries of the uncertainty ggh. This shows that the response is multimodal

even within the uncertainty seind an approximate design landscape is difficult to
model with a small number of samplekterestingly, the worstase imbalance
predicted on Kriging by the-&age approach much better matches the corresponding
result on the expensive simulation than th&tdge approach. This indicates that in the
local area around the robugitimum, the ZXtage approach predtscthe true behavior of
the MMI more accurately. The results exhibit that an adaptive samplatggst such as
expected improvemefit] may be better suited to applying robust optimizationao
metamodel of an MMI coupler than a spdidleng technique soh as Latin hypercube
sampling.

We observe that the width found for the robust optimum for both approaches is
almost the same and this value is also quite similar to the nominal vaie- &f5. m.

However, the length at which the robust optimum is found for tea@e approach is
significantly lower than the length found for thestage approach as well as the nominal
value of L=8.23m. This suggests that the coupler is muclrergensitive to changes in

length as opposed to the width.

Conclusion

In this work, we have applied robusttimpization on the imbalancef a 2x2 MMI
couplerin the presence of an etching uncertainty tatses a dilation or shrinkage of
the fabricatedievice geometryit was shown that the fabrication variaticam be treated

as a parametric uncertaintynder this framework, robust optimization was applied on a
cheap approximate model of the device using two different sampling stratéfges
observedthat robust optimizdon based ona 2-stage adaptive sanipd strategy
provided better results on the MMI coupldran a l-stage spacefilling sampling
strategy.This indicates that an adaptive sampling strategy suekpested improvement
may bebettersuited for this pplication.The method shown in this woir& generic and
can easily be applied to other photonic devices affected by parametric uncertainties.
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