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Agenda

» Introduction
> About Dassault Systemes

> Technology offering for optical and photonics simulations
» Solver options and selection

» Materials

» Boundaries

» Meshing

» Results postprocessing

» Examples
> BxDF Calculation
> Photonic Crystal Microcavity
> Metal-Insulator-Metal Plasmon Coupling Diffraction Gratings
> Silicon Waveguide Based TE Mode Converter

> Convex Microlens Simulation
» Conclusion
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Dassault Systemes | The 3DEXPERIENCE Company

a Scientific
company

Combining Science,

* Figures as of FY 2018/ Non-IFRS

17,000
Technology and Art for paSSIOnate peOple

a sustainable society

* 130 nationalities
* 181 sites
* One global R&D / 64 labs

250,000 customers

* 11 industries in 140 countries

* 25 million users

» Game-changing
3DEXPERIENCE solutions

12,600

partners

« Software, Technology &
Architecture Long-term

+ Content & Online Services dr|Ven

* Sales

« Consulting & System * Majority shareholder_ cpnirol
Integrators (C&SI) . Reven_ue: €3,4§8 million )

« Education * Operating margin: 31,8%

* Research
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Technology Offering SIMULIA CST Studio Suite

» The best simulation method
depends upon the application

» Dassault Systemes SIMULIA
CST Studio Suite® offers a
range of methods in a single
package

» User is guided to the most
appropriate method(s)
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Optical Applications in CST Studio Suite

EMc/EM)
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Optical Applications in CST Studio Suite

Optical Wawveguides,

Couplers and Fibers

Solar Cells Photonic Bandgap Filters and Resonators
Structures

[Z] csT Studio Suite
Create Project Template

Choose an application area and then select one of the workflows:

Antennas

Circuit & Components

Radar Cross Section

Biomedical, Exposure, SAR

Optical Applications

Periodic Structures

EMcC/EMI

Cancel

Dielectric/Photonic Structures

Metallic/Plasmonic Structures

Nano Antennas Plasmonic Wawveguides Plasmonic Solar Cells
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Configuration Wizard

[E] 5T Studio Suite

Create Project Template

Choose an application area and then select one of the workflows:

Antennas

Circuit & Components

Radar Cross Section

Biomedical, Exposure, SAR

Optical Applications

Periodic Structures W

EMc/EMmL

Mext = | Cancel

Photonic Bandgap
Structures

Dielectric Structures
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Creating the Geometry

» Built-in CAD/scripting environment

» Import CAD or EDA data:
> CATIA
> GDSII
> DXF
> STEP
> ... and many more

» Direct links:
> 3DEXPERIENCE Power'By
> SOLIDWORKS
> Luceda IPKISS
>CREO

5
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Material Assignment

» CST Studio Suite comes with a
number of predefined materials for
photonic and plasmonic applications

» Typically, these are higher order
dispersive materials based on
standard text books

Load from Material Library

Material library

[¥] use filter [Matenal: *pptical®| l Type: <All» -

Material /| Type Location -
[ | Aluminum (optical) C:\Program Files (x86)\CST STUDIO SUITE 2014\Librar
§ Copper (optical) Mormal C:\Program Files (x86)\CST STUDIO SUTTE 2014V ibrary
@ Gold (Johnson) (optical) Marmal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
§ Gold (Palik) (optical) Mormal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
§ Indium Tin Oxide (optical) Marmal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library| _
& Nickel (optical) Mormal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
§ Rexolite {optical) Mormal C:\Program Files (x86)\CST STUDIO SUTTE 2014V ibrary
§ Silicon {optical) Marmal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
@ Silicon Amorphous (optical) Mormal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
§ Silicon Crystalline (optical) Marmal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library|
§ Silicon Dioxide (optical) MNormal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
@ Silicon Nitride (optical) Mormal C:\Program Files (x86)\CST STUDIO SUTTE 2014V ibrary
§ Silver (Johnson) (optical) Marmal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library
& Silver (Palik) {optical) Normal C:\Program Files (x86)\CST STUDIO SUITE 2014\Library ™
[ Find... ] [ Rename ] [ Delete ]
Material to import.
Name: Aluminum (optical)
Type: Mormal
Material sets:  Default
Attributes: Description:
Material Set = Default - Chemical symbol: Al
Type = Mormal Frequency: 150 - 2900 THz

Disp. eps. = Mth arder model (fit): N=7
Mue =1

Wavelength: 100 nm - 2 um
Edward D. Palik, Handbook of Optical Constants of
Solids, vol. 1, 1985

Load ] [ Close ] [ Help ]

y:
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Material Data: Causal Fit

» Dispersive data need to satisfy Kramers-Kronig to ensure causality

» CST Studio Suite offers a number of causal dispersion models
(Drude, Lorentz, etc.)

» Generalized nth order model to automatically fit tabulated data:

N M
+jw
E[Cﬂj=5m _|_ El},n . _|_ Tl},nl --F Tl,.'rz _
Zl My, T Jw — :’J"Em —I-jm:’j'm — w*
n= n=
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B @ B2

Material Data Resource: www.refractiveindex.info

= i Calculatar
IE‘T Parameters »

Mesh Global Properties Histary _
View Properties - List [ Parametric Update
Mesh Edit

Create Cale-Cole Model Material

Create Drude Material for Optical Applications
Create Drude baterial for Plasma &pplications
Create Full Tensor haterial

Create General nth Order Material

Create Graphene Material for Optical Applications
Create Tabulated Surface Impedance Material

Define Hurnan Material Properties

Irnport C3Y Data from refrac&eindex.info
b}

E

Macraos

-

All

Run Macro
Calculate
Construct
File
atehing
hdaterials
Pararmeter
Report an
Results
Sohver
Wifizard

Edit Macro
Open VB,
flake WBA
Irnport WE,

Edit / Mo

(‘ B @ refractiveindex.info/Tshelf=main&book=Sifpage=Salzberg

A B ¥ A

Optical constants of Si (Silicon)

Salzberg and Villa 1957 - n 1.36-11 pm; 26 °C

Wavelength: 24373

pm (1.357 — 11.04) [ lineselect | [ unitconverter

Refractive index

n = 3.4407

Other optical constants

Chromatic dispersion
dn/dA = -0.020208 pm™’

Group velocity dispersion

GVD = 649.31 fs%/mm
D =-205.89 ps/(nm km)

[i]

[i]

(i1 [i1 [i]

[ESV - cgmma separated)

3.51

3.49

3.48

3.47

3.46

3.45

3.44

3.43

3.42

3.41

2.5

Salzbergand Vil 1957 —n 136~ pm: 26-°€

5 7.5
Wavelength, pm

5

RefractiveIndex[INFO

Si (Sflicon)
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PML Boundaries and Symmetry Planes

Reduce simulated model down to 1/2, 1/4, or 1/8.
Results will be automatically mapped to full
model for visualization and post processing.

State-of-the-art PML technology
with extremely low reflection

p
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Meshing

» Automatic hexahedral and tetrahedral mesh generation

4% generation conformal mesh PBA
(1%t generation in 1998)

Higher order curved
tetrahedral mesh

5
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Rikime o I -
Bl ime or M¥requency Domain?

» T and F represent the most commonly used solvers
» Both will provide highly accurate full-wave results for any structure

» Depending upon the application, one might be faster than the other:
> TD provides broadband results in a single solver run
> FD favorable for high Q values

» Memory requirements scale differently

> Linear memory scaling of TD (based on FIT/FDTD/TLM) makes it suitable for models
that are large compared to the wavelength

>
> & symptotic solver for extremely large models (e.g., free space and lenses)

7 DASSAULT
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SIMULIA CST Studio Suite® Acceleration Techniques

Distributed Computing

MPI Computing

5
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Result Handling

There are different types of results in CST Studio Suite:

& 1D Results

3 Port zignals
3 S-Parameters
3 Balance

3 Energy

Standard results fo
RF simulations

= ﬁ Field Monitors
!‘E e-field [f=5]
hefield [f=5)
=5 farfield [f=5)

=0 Wolkage Moritars
[E] woltagel

& walage2
= ﬁ Probes

& E-figld [z-comp)
III', H-field [#-comp)

Monitors available for
RF simulations

1. Standard results: Computed automatically for every simulation.

Typically not resource intensive (e.g. S-parameters)

2. Result monitors: User can preserve other results using monitors.

Typically resource intensive results
(e.g. field distribution in 3D space)

Temnplate Based Postprocessing

General Results

| General 1D

[Add niew postprocessing step...

Result name

3. Result templates: Highly configurable mechanism to extract special values
from either standard results or result monitors.

The power and flexibility of the VBA
programming language is available.

5
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Result Navigator

> A
>

unique “Run ID” identifies each solver run.
The corresponding parameter sets are shown.

» The Result Navigator allows to show only some of the curves.

» Filter options are available, too

-15

20

25 4-4-

-30

-35

40 1

45

50

-55

§1,1 [Magntude in dB]

Wavelength / nm

—— 51,1 (n=15)

 — 51,1 (n=19)

— 51,1 (n=25)

1530 1535 1540 1545 1550 1555 1560 1565 1570

Result Mavigator 7 Results X
[ 30RuniD n
<enter filter= >11
= (B 25
o 5 23
o | 4 21
- |3 18
= 2 17
o4 |1 15
& 0 Current Run
Zc passauLr
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3D Plot Options

Some examples for field plot types:

Vector Plot

Fields on

selected
objects

Carpet Plot

11111

Contour plot on cut
plane with clamping

aaaaa

111111

nnnnnn

77777777

111111

111111

11111

sssss

zzzzz

5

DASSAULT
SYSTEMES




Document_2019

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS

21

Post Processing Templates

Post processing templates provide a convenient way to derive values from the standard
results and 3D field results:

=
Result
Templates

Ternplate Based Post-Processing
General Results

General 10

Add new pogt-processing step..

1D Result -> Outputis a 1D curve

1DC Result -> Output is a complex 1D curve
0D Result -> Output is a single value

Rezult name Type Templfs name Walue Active OnOFF
1 | Power pattem, Phi=0.0 D F zpffeld Result On [Parametric) -
2 | Power pattern, Phi=0.0_1D_x5ub 1D-P or 10 Result from 10 Re Or [Parametric) -
3 | Beam Power [Theoretical) ob-F Mix Template Results 9381490 On [Parametric) -
4 | Imadiance Gauss Beam oD-F Mix Template Fesults 9.3457307, O [Parametric) -
5 | Total radiated power 18] Farfield Result 3703490 On [Parametric) -
£ | BRDF_ 10-P Mix Template Results On [Parametric) i
7 | BRDF 10C-P Mix Template Results On [Parametric) -
g | BRDF times Jacobian_0D_|nteg  OD-F 0D or 10 Resul from 10 Re 0.08327727 Op [Parametric) -
Names and descriptions of defined result |, | rae Delete &l || Evaluate &l
templates
Ahork Cloze Help

Template results are stored
under "Tables" in the
navigation tree.

=- IE Tables

EIEI

EIEI

0D Results

}-‘-f-" Beam Power [Theoretical]

B4 Iradiance Gauss Beam

e Total radiated power

F:4 BRDF times Jacobian_0D_lnteg
1D Results

7 DASSAULT
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CST Studio Suite for Accurate Component-Level Simulation

Model Creation LUGCEDA
Import from EDA or CAD tools, scripting, built-in CAD)

[

Multiphysics
Solvers

oo ™

Studies an

Optimization
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Examples
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Example: BxDF Calculation
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Prop.Dir.
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BSDF = BRDF + BTDF
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By Jurohi (talk) (Uploads) - Own work, CC BY-SA 3.0,
%5 https://en.wikipedia.org/w/index.php?curid=4989431

Specular
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Incident
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Bidirectional Reflectance Distribution Function

£, w,) = dL, (wy) _ dL, (wy)

r per dEl (a)l) Li(a)l-) COS Bidwi
L = Radiance
E = Irradiance

O = Angle between incident light and surface normal

w = Solid angle for incident/reflected light

2 -}'—- ’~ [.\\';ﬂ_—_',"\; h
Z \“ \l/\\”“// \HQ‘L\\’E_‘-// \ =
A S I A SN 3N LN
RN A T AN A RSy AV AN A

By BRDF _Diagram.png: Meekohiderivative work: tiZom(2¢) -
BRDF_Diagram.png, CC BY-SA 3.0,
https://commons.wikimedia.org/w/index.php?curid=6404479
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Example Geometry

» The model under investigation is a 10um x 10um silicon substrate
» Random surface roughness with max distortion height as parameter

5
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lllumination Source: Gaussian Beam

» 1.5 um beam waist, just at or near the surface v/m

1.E3E—D?‘>_.

» Linear polarization oo
Je+06 —
» Lambda = 599.585 nm e ]
42206 —
Je+06 —
2e+06
W 1e—05£.
.
fsGBMacro_599.585nm & k
Companent Abs x
Freguency 500 THz
Phase G0 =

Maximum (Plot) 1.0324e+07 W/m

vy
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Solver Setup and GPU Acceleration

Peak memory used (kB)

Free physical memory (kB)

At begin Minimum
ittt : el 258982268 258982268
Matrices calec. 26301757 25859628390 232424804
Solver run total 33538548 2590063976 2280398060
Solwer Statistics:

Hardware:

Computer name:

hardware type: Z CUDA GPU solvers, Kepler/Maxwell

GPU memory usadge: approx. 30 %

shocslls. S2g243ed

Excitation duration: 7.10905750e-004 ns
Calculation time for excitation: 1] s
Nunber of calculated pulse widths: 1.00192
Steady state accuracy limit: -40 de
Simulated nunber of time steps: 32z48
Maximun nunber of time steps: 643725
Time step width:

without subecycles: 2.208736650e-008 ns

used: Z2.208736650e-008 ns
CAD preparation time: 1 E
Matrix calculation time: 434 s
Solwver setup time: 252 s
Solwver loop time: 1727 s
oo - - ol Eg
Total solver time: 2673 = (=0h, 44 m, 33 = )
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Nearfield Results

6102 1UsWNo0Q"SAE 41 | 0Z02/L1/G | uonewou| [enuapyuo) | sawaisks Jnesseq @
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farfield (f=500) [fsG...,0.0,signal1],[500]]]

Type Farfield (Multilayer)
Approximation enabled (kR => 1)
Component Abs

Output Directivity
Freguency 500 THz
Dir, 10.95 dBi

dBi

10.9
731
3.68

0405

-3.6
-7.23
-10.9
-14.5
-18.1
-21.8

-25.4
-29.1

S
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BRDF Result

» The BRDF can be extracted from the farfield data

» Comparison for various surface roughness levels shows expected transition from
SpeCU|ar tA AiffiicA raflantinn

0.1

0.09

0.0z

0.01 1

BROF [MYlagnitude ]

' ' . ' ' '
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
R R el e e T I R T
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
g - 5
' ' . . ' ' ' ' '
' ' . . ' ' ' ' '
' ' ' '

---------------------------------------------------------------

........

________

........

= BRDF (MinDistortionHeight=0.0001)
— BRDF (MinDistortionHeight=0.1]
= BRDF (MinDistortionHeight=0.5)

Theta / deg

= BRDF (MinDistortionHeight=1)

100
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Example: Photonic Crystal Microcavity

0.8

0
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S-Parameter [Magnitude]

0.7 1+

0.6 1

0.5 1+

0.4 1

0.3 1+

0.2 1+

0.1 1

196 197 198 199 200 201 202 203 204 205 206

Frequency / THz

— 521

IDRRRRRRRNS MmN )0 ( LTI

Ref: Tuning the resonance of a photonic crystal microcavity with an AFM probe Iwan Mérki, Martin Salt and Hans Peter
Herzig, OPTICS EXPRESS 2969 Vol. 14, No. 3 April 2006

33
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Geometry Details

» Triangular photonic crystal of cylindrical holes in a thin Si membrane
> layer thickness = 205 nm
> period = 520 nm
> hole radius = 182 nm

» The Bragg reflectors embedded in the photonic crystal waveguide and has a length of 400 nm (distance
between the two Bragg reflectors). The design parameters of the Braaa reflectors:

> hole width = 350 nm,
> hole length = 150 nm,
> Bragg period =380 nm

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS_Document_2019
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Define Boundary and Symmetry

» Under the Simulation ribbon set up the boundaries

» Boundaries open in all directions

Document_2019

» Symmetry Planes as shown

Bcun:lar; Conditions

Boundaries  Symmetry Planes

[ Apply in all directions

Bcun:lar; Conditions

Boundaries Symmetry Planes

YZplane: |none

I

- | ¥Z plane: | electric (Bt = 0) ~

v| XY plane: | magnetic (Ht = 0) ~

i |‘,pen
2 Yrin: | open
Zmin: |open
Cond.: [1000

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS

Open Boundary...

OK

Cancel

Help

35
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Simulation Results

Dielectric waveguide (launch) is operated at the bandgap of photonic crystal, where wave can propagate without
much interaction.

% T_2,1 [Magnitude]
o 0.905 . :
£ 0.9
S 0.895
[72)
g 0.89
2 - - — — — 0.885
8 I B"'@Tables I 0.88
= I EIEl 1D Results 0.875
< El Convert all 1D Results from Frequerl 0.87 \\
£ | Bﬁl Reflectance-Transmittance-Absorb| 0.865 \
§ I l‘.“a@ Ro11 o, wmr o m m mm — [T :
el 2] | 1 203D Resuts i
é | P‘?p -|—_1'2 -1 PortModes Py
S — I =1 E-Field | 2,538+07
% [—]El e-field (wl=1517 nm) [1] I 1.42e+07
% I F;,g ¥ 7.850+06
E I }*_';,9 'S | 4,270+06
8 }u_-;g. 7 I 2.242+06
© l }u_-;g. Abs 1.08e+06
I I‘-‘EE‘ Normal I 4.352+05
: heEEEE o
o — B T
.
Component: Tangertial
30 Maximum [V/m]: 44,94e+06 x ‘_t
36 Frequency: 197,622
Phase: u] Y
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Final Geometry with Bragg Reflector Cavity
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Time Domain Results

Time domain approach: slow energy decay due to resonant behavior of the structure

Field Energy

Time / ps Frequency / THz

» Alternative approach: Frequency Domain solver

(=23

é a Time Signals S-Pararneters [Magritude in dB]
S L s : 1 o

g [—e=on] |

£ —— Energy [1] 0g -4}

3 20 : .

8 — K

8 ’ "‘-—____\ 064 il

2 40 — o1l I—_ S11
Q \_\ 04 1- — 02,1 -10 I_—92,1
= 60 024

o o 15

8 8 3 0

s 80 S

> 0.2 1+ -0

s .

5 -100 04 4- .

©

E 06

S -120

= K

= 03 30 / S
= I

5 -140 N -

= 0 05 1 15 2 25 3 35 4 45 5 -

€ 0 05 1 15 2 25 3 35 4 45 s 190 192 194 196 198 200 202 204 205
S Time /ps

S

"

[}

£

&

]

2,

w

3

©

3

2

©

a

©

> Increased memory usage but faster results

p
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Q-Factor calculation from S-Parameter (F solver)

» Execute Measure Resonances and Q-values from freg-data macro
to calculate Q factor from S2,1 On

S-Parameters [Magnitude in dB]

S2,1 : -1.4610884 B summary of resonances X |
,,,,,,, tonitors [ to be defined |
___________________________________________________________ N [ EField (] Powser flow
[ ]H-Figld / Cument ] Farfield End
———————————— —————————————— ——————— Monitar  Frequency Arnplitude (factar
| | : : : ez
B U e [0 0198501 08412359 557.2143
-35 : : : ; : ————— '
190 192 194 [195.5} 198 200 202 204 205
Frequency / THz
7 DASSAULT
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Example: Metal-Insulator-Metal Plasmon Coupling Diffraction Gratings

sault Systémes | Confidential Information | 5/11/2020 | ref.: 3DS_Document 2019
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Ref: Efficient optical coupling into modes with subwavelength diffraction gratings, Michael J. Preiner, Ken T. Shimizu, Justin S.
White, and Nicholas A. Melosha. APPLIED PHYSICS LETTERS 92, 113109 2008
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Geometry/Unit Cell Details

12 nm Au

<4—— 14nm Al,0;

AN

S5nmAg

Au

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS_Document_2019

A=720nm - 416 THz
6 = 53°

< >
135 nm Au

p
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Load Materials from Library

» Switch to the Modelling tab

» Select Load from Library...

Document_2019

Load from Material Libran

Material library

[~]use filter Material:

o -

Material i

Location

> Flnd and |Oad Sllver and GOld In the Load [ | Aluminum (optical) MNormal C:Program Files (x88)\CST Library Extensions\Materials
: H H @ Copper (optical) Mormal C:'\Program Files (x86)\CST Library ExtensionsMaterials 1 a

% from Materlal lerary dlalOg @ Gold (Johnson) (optical) Mormal C:'\Program Files (x86)\CST Library ExtensionsMaterials 1
E @ Gold (Palik) (optical) Marmal C:\Program Files (x88)\CST Library ExtensionsMaterials 1
é @ Indium Tin Oxide (optical)  Mormal C:'\Program Files (x86)\CST Library ExtensionsMaterials 1
“:E’ File Home Mq:.deling Simulation Pos @ Nickel (optical) Marmal C:\Program Files (x86)\CST Library Extensions\Materials 1
't‘é I - @ Silicon (optical) Marmal C:\Program Files (x88)\CST Library ExtensionsMaterials 1
E I E Ba‘:kgmu“d 6 {1‘ @ Silicon (optical IR) Mormal C:‘Program Files (x86)\CST Library Extensions\Materials 1
E I ,E' Material Librar_\r - I @ Silicon Amorphous (optical)  Mormal C:'Program Files (x86)\CST Library ExtensionsMaterials 1 w»
8 Import/Expo |
A | - b Load from Library... l Find... Rename Delete
£ | Exchange Add to Libra R T i o e 1
% I — : I-r-—-—-—-—-—-—-—-—-—-—-—-—-—-—-—-
5 NagAHOn TI8E. . . o o o

Load Close Help

4

@ﬁ Hint: Use the filter “optical” to only display the materials for the optical frequency range. ]
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Specify Boundary and Excitation Condition

N

Specify boundary conditions, scan angle and Floquet port boundaries

Select Boundaries in the Simulation Tab

Set the Boundaries settings as shown

Document_2019

Switch to the Floquet Boundaries window

>
>
>
>

Change the Number of Floquet modes S—
oundary Conditions >
» Change the Phase Shift/Scan Angles settings a e

Boundaries I Phase Shift/Scan Angles ljnn Cell

Settings for Floquet Boundaries X Boundary Conditions “ - 0.0 -
‘ ¥ |00 Deq. Scan Angles:
Properties IT' Boundaries iﬂase Shift/Scan Angles  Unit Cell
Number of = Y. |00 Deg. | Theta: -E Deq.

) . B
Edit Floquet port: | Zmax v Errmirris z = Cancel Apply in all directions @ Outward

n
(=]
®
QL
o
S
S
o
o)
=
i<
©
E
L
=
s
<
5}
<
2
£
1S}
o
”
3
1=
<
17
2
%)
=
4
a
2
o
(=]
©

] Polarization i Hmin: | unit cell | Hmax: |t cel ™~ Z |00 Deg. Phi: Deg.
Oromy | . | : B
reference plane: scan angle phi: . - -
: - Ymin: |unrt cell v| Ymax: ||_|nrt cell v|
etais >
Zrin: | electric (Et = 0) v| Zmax |open (addspace) |
File Home  Modeling [ESIUMENELEE Post-Processing  View Cond.: [1000 aim FITOE PR
I @ Wavelength g @ w F Field Import
e L= : |
%8| Background Field Source
I & = e Discrete Plane  Lumped ﬁ OK Cancel Help
Boundaries Part Wave  Element I 0K Cancel Help
I Settings Sources and Loads I 2
s DS passaor
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Start the Frequency Domain Solver

o
>] Frequency Domain Solver Parameters

Frequency samples

[ caleulate port modes only

Method Results
Broadband sweep: [ store result data in cache
General purpose w
Properties... i
Mesh type: Mormalize 5-parameter to
Tetrahedral w 50
Excitation
Source type: Mode:
All+Floquet  ~ | Al -

Active | Type | Adapt.l Samples| From
Max.Range 400
I3 Moritors 1 416
IE Automatic E

Single r

Adaptive mesh refinement

Adaptive tetrahedral mesh refinement

1 THz
FIJI:I---
I_ 1 THz

rt
Close

Apply

Optimizer...

Par. Sweep...

Acceleration...

Specals. ..

Simplify Model. ..

Domains. ..

Help

5
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Field Results

» View results in the results tree

—

+

- o . o . .y

- E 2D/3D Results

il Port Modes

=3 E-Field

=55, e-field (=416) [Zmin(1)]

FEF* Tangential
B% e-field (=416) [Zmin(2)]

e-field (f=416)

L

Y om (log)
2.74e+09

2.17e+09
1.7e+09

1.32e+09

1.01e+09

7.652+08

5.63e+08

3.99=+08

2.66e+08

1.58=+08

7.09e+07

323

Results: Plasmon is generated in dielectric layer when polarization of the field is in parallel to the plane of incident

¥ om (log)
2.74e+09

2.17e+09

1.7e+09

1.32e+00

1.01e+09

7.652+08

5.63e+08

3.992+08

2.66e+08

1.58e+08

7.09e+07

32.3

e-field (f=416)

Cross Section A
01,0

-0.2

Abs

Outside
2.743e+09

415

=)
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T ———————————————————
Convert Parametric Data to 2D Colormap

» Select newly created results

» Run Macros > Results - Tables - Create 2D Colormap Plot from Parametric Data

=

8\

|2

g E 2D Colormap Plot from Parametric Data = 0 SZmin(2),Zmin(2)_0D_yAtX

g : ‘ . 0.9739

s Create calormap plat 105 R TR —— T T

=)

g |SZmaH[2]ZmaH[2]_DD_}u’-\t}< v| 139 e

5 7 138.5 [EERS R

5 Store rezult under: 20/30 Resultz\Colormap Plotsh ||[ uto] ‘

E 130 S

&

= Heawis |theta V| [JResampledinterpolate ta 21 samples. g 137.5 IR

E i f : : : : : :

E y-awis: |w'dth V| [] Rezampledinterpolate to 21 samples. 137 R T T R i

2 136.5 [N

5 | oo | | Cancel

5 136 [EEEEERRSSRICL

2 135.5 [N R

a3 | : i : : : =t

© 135 : : ‘ :
20 kD3 a0 50 60 70

heta

Plasmon coupling efficiency enhances as incident angle of the
plane wave and grating width increase.

p
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Example: Silicon Waveguide Based TE Mode Converter

sault Systémes | Confidential Information | 5/11/2020 | ref.: 3DS_Document 2019

© Das:

Ref: Silicon waveguide based TE mode converter Jing Zhang,* Tsung-Yang Liow, Mingbin Yu, Guo-Qiang Lo, and Dim-
Lee Kwong, OPTICS EXPRESS VOLUME 18, NUMBER 24 18 Nov. 2010
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Geometry Details

Attention: not to scale

Si slab 200 nm X 400 nm

2 JMm

Si slab 400 nm X 200 nm

Slab Waveguide
Core: Si with n,,, = 3.5
Cladding: SiO, with n 4 = 1.45

clad ~

5
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Port Information

» Dielectric Waveguide Modes are usually dispersive

> mode pattern and the effective dielectric constant vary with frequencies.

Document_2019

l ~Eg Port signals

| -3 5-Parameters

I ~E3 Reference Impedance
: -7 Balance

-Ea Power

1 ~E3 Energy

| |=:| Port Information
I + -£3 Distance (-40 dE)
I

I

I

I

I

I

11---[Fl---[F--[F-- [ --[F - +

=l E Effective Dielectric Constart

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS

31 1 Wave Impedance
+-0& 20730 Results
=

49

= -%_1[) Resuts l 5.5

-k e - - - - - -

» Needs to be taken into account during port mode calculation for accurate results

Effective Dielectric Constant [Real Part]

I 190 191 192 193 194 195 196 197 198 199 200
I Freguency [ THz

p
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Simulation Results

High mode conversion rate (ranging from 88 % to 98 %) over
- . Port! Model frequencies is observed.

2 r
8‘ I T_2(2),1(1) [Magnitude]
b= 0.99 T T T - - - - - - ; LR, —— —— — —
£ 0.98 I= -[ Tables
& 1 | E 10 Resits
I 0.96 1 +E| Convert all 10 Results from Frequency Tt
I =1+ Reflectance-Transmittance-fbsorbance
0.94 1 ;
l -l R11I) [
: 0o | | -8 T12010)
I I i - T_2(1).101) |
I 0.0 doremem e )0 |=;,g. T_22.1(1) r
e 0-88 1
0.87

1440 1460 1480 1500 1520 1540 1560 1580 1600 1620 1640 1660
Wavelength / nm

Field monitor results at A=1550nm

3470407
150407

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS

Ceme o o L
I +-E3 efield (wl=1650 nm) [1(1)] I 2210007
+ -E3 edield (wl=1650 nm) [1{2)] I Lmes07 I
| -3 efield {wl=1650 nm) [2(1)] I e
+ B edfield (wi=1650 nm) [2(2)] I 9.46e-+06 I
| -39 efied {wi=1550 ) [1(1) I sateias
ﬁ X I smu:: I
Y
| F: I l
Abs
I o[ Nomal I I I
I_ o ol Tangermal J "1
50 I T =



Example: Convex Microlens Simulation

(=23
S
S
5

> 3
2 . =
a =
» = =

i

g — =
® o 2
= 2 =
b =
g r — ~ -
S = e —) b B
= e :
= -
S =
©
E
S —_—— -
= —<
K] b
=
[+ — —
h=}
2
£
S
o
E Y,
1=
S
2,
w
= " - ~ =
E Hit orders [thetaFx=90,phiEx=0] & z s =
3
8 Ray path filter Oto3
©

Ray segment fiter 0to 3
Maximum (Solver) 3
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Geometry Details

» Simple Geometry: Spherical lens (n=1.7) with plane wave illumination

10.00 um

Document_2019

© Dassault Systemes | Confidential Information | 5/11/2020 | ref.: 3DS

4

p
5 S passaur

SYSTEMES

Planewave

E-field vector (x=1,y=0,z=0
Plane normal {x=0,y=0,z=
Plane Wave  Linear polarization
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Simulation Details

Asymptotic Solver Parameters X ‘
Solver settings Asymptotic Special Settings x
Mode: Bistatic scattering «| [store results as tables only
| &DWEF Mesh  Diffraction Ray storage Hotspots Field Source Other

g | Accuracy: Custom v Settings... )
S Ray sampling
é Maximurm number of inkersections: Calculate field monitars
g Ray tracer type:  SBR Raytubes
a

|
§ Polarization  Frequency Sweeps Excitation Angle Sweeps  Observation Sweeps Ray spacing in wavelengths:
g Type Etheta Re Etheta Im Ephi Re Ephi Im Add... Minimur number of rays:
§, 2 [] adaptive ray sampling
s Delete _ i _
5 Maximurn ray distance in wavelengths: D
% Minimum ray distance in wavelengths:
% B Consider lossless dielectric materials
o
é Ravy tracing control
Ug — [ Limit number of transmissions: -1
s » Bistatic Scattering Analysis, source from single (it number of reflections: 1

d I reCt|0n [ Limit ray length: -1
» Asymptotic Solver: Shooting Bouncing Rays
. . . . , III Cancel Defaults. .. Help
» Dielectrics taken into account via Snell’s law

P
DASSAULT
53 DS SYSTEMES




-~~~
Results

» Rays show focusing effect

» Ray colors indicate number of reflections

H » Focal point position agrees with analytic calculations
5 3
= %
E =
E i —
& = ?‘":" S S 8 =
© Saam Vs ™, £
e
o f’_/" L1 Y.
YA
Hit orders [thetaEx=90,phiEx=0] & o A sﬁx‘éﬁ

Ray path filter 0to3
Ray segment filter Oto 3
Maximum (Sclver) 3

P
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Conclusion
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Conclusion

» Optical/photonic problems pose their own challenges due to scale and material
properties

» Metals and Dielectrics often exhibit fundamentally different behaviors

» A variety of different solver technologies should be employed for efficient
simulations
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Thank you for your attention! Questions?
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