SRS TR EE 3 IS RN T R
R

Graduate Institute of Photonics and Optoelectronics

College of Electrical Engineering and Computer Science

National Taiwan University

Master Thesis

R R N ST ESE S T A S A R R
BeE
Two-dimensional Grating Coupler Compatible with Dual

Polarization Based on Particle Swarm Optimization

i\‘. A

Yin Dai

R gL
Advisor: Ding-Wei Huang, Ph.D.

¢ ER R 111E& 8

August 2022

doi:10.6342/NTU202202316



* &

é_;fi;}iﬂ;i%%ju RIS s AR E LT S ri@éﬁf; s B AR _ﬁ%,‘ﬁo
B i (R B2 RA Tekil dp i W T i A

"W
R
)
Vel
ER
3“
M
T+

A #rsopython Fi1Fe 2R E 2 AP hREER BV R R AN
HY B REL 150nm chz Ak g s B % S Fhi2 kA L i§
A2 € 12 Ansys = 7 e * g d8 Lumerical-FDTD & ficfg =~ i skt o 4rit - X ¥ pF
BE L AEREE PR B R R B BRSNS
HRF RN E 2T o

THRE-AERMERNMELT MmO R 2 A8
Hebtap B br% ) (Apodized) s ~ B PEEL N AR %]~ MEAL kR BT o "/ﬁ‘T ez th s %
7 M i B4R 3D FDTD k=t Bic > 3% 7 & PRE N g iE 1t ‘j,‘,“ﬁii’;f{ﬁz}ﬁxfi
CHEERR R XY I 2 S RN EE AP R R0 B Y bt
RhE MBITET RS ARkl %’gt’* AEFRTFEEORENR A o

cZ ke g s B L&Y C-band o »t 1550 nm et iR o T F0 B
PR F kB ILhig 4 p 5 48% (32dB) v tmi4p k4L S 0.17dB - -3 dB #
s 40nmo A 2ol 82 B 3 (Crosstalk) £ 100 nm =3 5@ % ] 3t -15dB -

Bt g

—

J‘;_@}g)%;‘:}:—‘:;_l-»l kg E Bt o -32dB et g b e
ROUZEE B A B s B s PR ARG ok o T WAL kgL B Y
BT EBF S B4R 0 £ o) &% ST (Minimum Feature Size) % 150 nm
uy BRnR A IS B A c FARGRYEL U T A B 0 G ST

LSS £ T T SRR T R RN E T

MgEs -k mMEE kI EF  HFHEF R IEEATLREE CAREL
%)~ BESPa RBTRA WML B~ p Fit R

doi:10.6342/NTU202202316



ABSTRACT

As the technology changes rapidly nowadays, design automation can shorten the
development time of device significantly. With the optimization algorithm by setting a proper

figure of merit, we can develop various devices to meet different needs.

In this thesis, the design automation and optimization algorithm were implemented in
Python. A design pattern of 2-D grating coupler which was easy to be fabricated, under the
limitation of 150 nm minimum feature size, was applied with the commercial CAD software,
Lumerical FDTD Solution from Ansys. Based on the design pattern, we can achieve
automated design, fast development, device with high performance, to meet the technical

needs today.

The 2-D grating coupler combined three design ideas: diffracting apodization, two step
etching, and tilt grating lattice. In addition, the design flow was split into two steps so as to
narrow the searching space of optimization algorithm and reduce the times of 3-D FDTD
simulation. Furthermore, the number of parameters can be reduced and the searching ability
of optimization algorithm can be sustained by applying the cubic spline interpolation to the

parameters of apodized 2-D grating coupler.

The 2-D grating coupler is designed for C-band, and the performances of the optimized
designed are: the incident light which electric field polarized parallel to its incident plane has
peak of theoretical coupling efficiency is 48% (3.2 dB) at wavelength equals to 1550 nm;
polarization dependent loss is 0.17 dB; the —3 dB bandwidth is 40 nm; and the crosstalk
between two waveguides is smaller than —15 dB between 100 nm bandwidth.

At the end of this thesis, the 2-D grating coupler was compared to the others, and the
theoretical coupling efficiency is as high as —3.2 dB could validate the performance of the
two steps design flow and the design automation in this thesis. Since the grating coupler is
designed without complex structures like metal mirror, and the minimum feature size is 150
nm, it could meet the requirement for mass production. Also, it’s possible to develop various
devices for more complex needs by the multiple-objective optimization and the design flow
in this thesis. We just need to make figure of merit as a function of the multiple objects.
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# 1>t 33 & Watanabe chiv iz » A {m~ B0 1 B &2 & B 5 n=
1,5.75,10.5,15.25,20 > f1* = xR iEp B2 2 8 E i~ 2~ I3~ s ebr g 3 8 4.2 55
Bl e BHESNAETE 132002 H P vl sl 2 B i o Fub

PR - Akl E L AP B HSEOR Y 5(F 8 £ 20 B Sk

U - SRR A SR S B0 BRI AEE D 20 0 KB F R HEFE
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242 BRI LR L FEE B

Value of Nodes (hm)
n 1 5.75 10.5 15.25 20
I, | 177.01 | 152.68 | 181.58 | 174.26 | 175.00
l> | 453.79 | 436.30 | 425.12 | 458.63 | 459.06
I3 | 28.31 26.24 62.88 38.27 | 113.60
ls | -64.54 | -103.08 | -90.43 | -66.28 | -57.31
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Coupling Efficiency under shallow etching with offset
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Ref. Year | Wavelength | Fiber angle CE Metal Mirror or Platform Note
(Sim/Exp) Vertical DBR
(dB)

41 2009 1550 10° NA/-5.6 w/o SOl Focusing

42 2014 1480 10° NA/-2.0 w/o Double SOI Focusing

43 2016 1550 15° -3.2/-3.7 w/o SOl Uniform

44 2016 1310 6° -3.2/-3.3 w/o SOl Uniform

45 2017 1550 10° 1.7/ NA w/ SOl Apodized

46 2017 1550 12° -14/-18 w/ SOl + Uniform

BCB +
Glass Substrate

25 2019 1550 0° -2.41-2.6 w/o SOl Apodized

47 2019 1550 12° -3.4/-4.3 w/o SOl Uniform

35 2020 1550 10° -1.7/-23 w/ SOl Uniform
Thiswork | 2022 1550 10° -3.2/NA w/o SOl Apodized
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