Design Exercise 1

Double Slit Experiment
- FDTD Simulation -




Lumerical Solutions

» FDTD Solutions: Single and multi-
_ processor finite-difference time-
4] domain optical design software.
I
_ MODE Solutions: Waveguide
I\'ﬁ" 4 eigenmode solver and omni-
- directional broadband propagator
design software.
I

INTERCONNECT: Optoelectronic

and photonic integrated circuit

(PIC) design software package.
e

TCAD device simulation software
for silicon-based optoelectronic
structures.

|

1;_; DEVICE: Powerful semiconductor
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3D Maxwell solver(FDTD

Modal analysis(MODE

Charge transport & heat transfer(DEVICE)
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How To Download

e www.lumerical.com

&’ Lumerical Solutions, Inc X

6

c ‘ 8 Lumerical Computational Solutions, Inc. [CA] | https://www.lumerical.com

Engiish | Wikch | B£®  minkyu kim | Logout

=c A

-| \\\) FDTD Solutions

‘ I”merical PRODUCTS SOLUTIONS SUPPORT DOWNLOADS COMMUNITY COMPANY

ustomer Downloads

Evaluate FDTD Solution:
Evaluate MODE Solutiond
Evaluate INTERCONNEC
Evaluate DEVICE

Webinar: Defect Detec
Inspection Technology
Featuring an accurate defect deiééﬁgm nf

captures light matter interaction for q larg I, ficcl
ilumination and collsction configuraiions. - .

: < o v N Description Date Download  Notes
AR (A0 October 24 & 25, 2016

FDTD Solutions 2016b RE (v8.16.982) for Windows (64 bit) 2016-09-20 Il 1 0s

Lumerical's tools enable the design of photonic compo T

Our Products Trusted Technology FDTD Solutions 2016b RE (v8.16.982) for Mac 2016-09-20 I [0S

FDTD Solutions . . .

v T e . . -

i\ optical design than 5000 academic publications and FDTD Solutions 2016b R6 (v8.16.982) for Linux 2016-09-20 Il [0S

patents.
MODE Solutions
Waveguide design environment

INTERCONNECT

V. Photonic integrated circuit (PIC)
A simulation and analysis

- DEVICE
A

Multiphysics modeling of charge
and heat transport

hitps://www.lumerical.com/downloads/customer.html

Upcoming Webinars

Defect Detection & October 24 &2
Optical Inspection
Technology

If you v
registr:

vant to simulate in your laptop,
ation & download are required
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Registration for Download

English | #g$3 | B&%  Sign in [ Register

‘ I”merical PRODUCTS SOLUTIONS SUPPORT DOWNLOADS COMMUNITY COMPANY

User Registration Get Started Today!

o 30 Day Evaluation
L~ 2
Home = User Registration \ 4 Start Now
Required: Register and get access to a free 30 Optional: Help us support you better. Tell us a ’ Technical Resources
day trial, watch videos or attend a webinar little more about your interest in Lumerical - Knowledge Base
~ Lumerical Community
E-mail address: Application: | Choose one: v \. ./ Knowledge Exchange
Password: Sub-application: | Choose one: ¥
Re-enter Alternate email-
assword: .
P Organization: Questions?
First name: )
) Job fitle: | Choose one: v Email/sales@lumerical com
Last name- Phone number Tel/1.604 733 9006 x100
Country: | Choose one: v

Find a Local Representative
| agree to receive Lumerical's email newsletter. Spotlight on Optics. and keep in touch regarding

Lumerical products, applications and news. You may withdraw your consent at any time.

Submit || Reset . .
Lot || eset We Deliver Service Excellence
Concerned about your privacy? Review Lumerical's Privacy Policy "[Lumerical's] technical supportis second to

none."
E. Chow, Agilent

"[l get] support from physicists with a deep
understanding of my research questions."

Need official E-mail(Ex: @yonsei.ac.kr) e

"Lumerical's technical support is llent and

for download e Himaten i

Optoelectronics (17/2) Yonsei University




License Setting

| 5 | MODE Solutions - Config

| Floating ;| Mode Locked |

Manage which floating license servers get checked from this tab,
Options

Server: 165132112189 Port: @ Default ) Specify

Contigure redundant servers
=zerver can be either the hostname or IP address of a Flex license server

&ctions

@ Apply these settings to my user account only

) Make these settings the systern defaults (requires elevation)
) Configure my account to use systern defaults

Instructions on how to activate wour floating license
Wiew your active licenses in the FlexMet Publisher dashboard

QK ] [ Cancel
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FDTD Window
i\ EE{E&WW%H@

= L e
F 3 F o . = e
D < . 1_3 . 4 -~ - . - Uil ~ ED'; - im - N A0 in I A4 line help &
Materials  Structures Atributes Components Groups imulation Analysis Import Build sources Monitors Hesources Check T

. = e — - — J#Cript File Editor

o
X,
114 1tz |

o d
Y
FOTD Layout O -"" ey
Ak &l 4l T 4@ ljl_j\_a.l_l _E
= [[ untitied.Ist X o
A | [Name Type 1 -l =
444 | | RN Model =
AAA
=
U | &
E
X g
=
s =
IK E
L]
=
=
1 N
12 (] T I | [N =
o
=]
@
‘P\ t 1 1 H &
T T =
< fucture viewer 7
B :
- - 8
e
i Script File ¢
B Fesut View - model EES Ed |t0r
|= Name Dimensions/Value \
By
n
Y
n
S
x 5 Script Workspace & X
(=
- ;Name Dimensions/\value 1
Command Window |
15
o
E
& Group scope= Smodel Directary: D:/mk/Simulations /VPD_example MNormalization: CWharm Script Warkspace | _!§_!:_[_i_u| fg_y_qri_l_s_s_s |
x 361 v 1.91 z < >
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Double Slit Experiment

Slit(Etch)

\ Light Intensity
\ ’
RN
3 'ﬁ’ﬁ’;’:}’»

Monitor

/ (Frequency-domain field & power)

Source Screen
(Total-field Scattered-field Source) (Perfect Electrical Conductor)
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Simulation Setup

W ey & = Perspective view g x

Source

Monitor

Simulation

KL view 8 X YZ view g X
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Build Screen

File Edit View Setting Simulati

> } {E:

structures Attributes Objects Tree g X
K Dhject' Triangle FOTD Layout

A=+ 1+ $ &9

Materials

Mame Type
n #4 model Model
Edit cbject
ng Disable
o Add to new group
23 Dielete
: R Waveguide i~ T
"‘I:h-" . Sphere Move down
P O ryramid Move F-ut of group
‘ Planar Solid Mowve into group
R Bl 2D Rectangle
H & 20 Folygon
H
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Build Screen

\\ Edit rectangle ; l]
name screen

Geometry | Matetial | Rotaions | Graphical rendering You Can use both (X & Span)
Gy « in ) (025 or (x min & max) for setup

% span (umy 0.5 % max (um) 1975
Y vaw # x Perspactive vew A x

iy 0 yomin (um) 525

W span {urm) 105 v max (um) 525
z (um) O 2 min (um) 0.5 /

z span (um) 1 z max (um) 0.5 g

V| use relative coordinates
[ \\ Edit rectangle ; E

HE view & % VI view 5%

narne screen

Geometry Material Rotations Graphical rendering

material [PEC (Perfect Electrical Conductar) = |

index |see material database

index units | microns

override mesh arder from material database

mesh order | 2

Grid attributes

grid attribute name
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* Upper slit

Build Slits

name top_slit

Geomnetry | Material | FRotations | Graphical rendering |

name top_slit

| Geometry | Material | Fotations | Graphical rendering |

% (umy -20 womin (pm)  -20.25

% span (um) 0.5 W max (um) -19.75

y (umy B y min {um) 5
y span [um) 2 y max {um) ¥

z (umy 0 2 min (urn) 0.5
z span (um) | z max (um) 0.5

use relative coordinates

material [etch v]

index |see material database

index units | microns
[7] override mesh order from material database

mesh order |1

Grid atiributes

qrid attribute name

e Lower slit

name  bottorn_slit

Geometry | Matetial | Rotations | Graphical rendering |

name  bottorn_slit

Geometry | Material | Rotations | Graphical rendering |

% (um) -20 wmin (um) -20,25

% apan (um) 05 % max [um) -19.75

y {um) - y min (um) -7

v span (um) 2 y max (um) -5

z (pm) 0 z min (um) -0.5

z span (um) z max (um) 05

use relative coordinates

material [etch v]

index |see material database
index units | ricrons
[] override mesh order from material database

mesh arder |1

Grid attributes

grid attribute name
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Source Setup

Ohbjects Tree g X

_- -\.‘ ﬁfli FOTD Layout

- - -

Hc.u.ﬁrn::.és Monitars Hesou !- TtJ &
@ Dipole

B Gaussian

-I- Plane wave

” Total-field scattered-field

M Mode

—+ Import
L

|@

-

Mame Type
44 model Model

@ screen  Rectangle

| N TFSFSource
Edit object
Disable

Add to new group

Delete

Mowve up

Move down

Move out of group

Global properties

Mowve into group

Optoelectronics (17/2)

) Yonsei University



Source Setup

name HeMe_source

General | Geometry | Frequency/Wavelength |

name HeMe_source

General Geornetry Freguency/Wavelength

theta vs wavelength

iecton ais
. . -50
16

amplitude 1
jud
phase (degrees) 0 k] 0.0 | ]
=
angle theta {degrees) O
angle phi {degrees) 0 1.0 0.4 07

polarization angle {degrees) lambda (microns)

=

name HeMe_source

General | Geormnetry Frequency/MWavelength |

W ium) =20 w min fum) -28

% span (um) 10 % max fumn) -15
y (pm) O y min {um) -35

v span (um} 70 v max tumy 35

=

2 {um) 2 min ium) 0

=

z span {um) z max fumy 0

use relative coordinates

override global source settings

@ set frequency/wavelength
O settime dornain

set frequency/wavelength

wavelength

) (0633
¢ (.633

wavelength start

wavelength stop

set time domain
pulse type | standard
frequency (THz) 473606
pulselength tfsy 418111
offset (fs) 11,8545
bandwidth (THz) 105,533

Advanced options
eliminate discontinuities
optimize for shart pulse

Set global source settings

avelepg

spectrumn s wavelength

00 L
058 085 072 079

settr g

Y

o) frequency

330 380 430 480 530 580
frequency (THz)

signal vs time

E

0.4 0.6 0.8
time (fs) *10

=1

=|

Cancel
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Monitor Setup

FOTD Layout

AlLEY + § &9

Mame T
1 A @ Y e }fpj |
Monitors Hesources (Check Hun meds Mode
@ screen Rectangle
== Refractive index % HelNe_source TFSFSource
N @ Upperslit Rectangle
L Field t
Ield Hme @ Lowerslit Rectangle
Movie e SSCidosit
ch R
E] Frequency-domain field profile Disable
"~_:' Frequency-domain field and power Add to new group
p— Delet
Mode expansion It
Move up

@ Global properties

Move down

Move out of group

Move into group
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Monitor Setup

name projection

General | Geometry | Datatorecord | Spectral averaging and apodization | Advanced |

simulaon ype

[ override global ronitor settings

use linear wavelength spacing
use source limits

wavelength min/maz name projection

General | Seometry | Datatorecord | Spectral averaging and apodization | Advanced |

standard fourier transform

7] partial speciral average

total spectral average
Set global monitor seftings 0 P g

Fields Poynting vectar and power
output Ex  [7] output Hx [ output Pk

utput Ey ] autput Hy ] autput Py

name W output Ez [T output Hz 7] output Pz

autput pover

minimum wavelength (um) | 00633

maximurm wavelength (um) [0.633

frequency points |5

General | Geometry | Datatorecord | Spectral averaging and apodization | Advanced |

manitor type [Linear ¥ -]
% {urm) 30 x min {pmy 30
% span (um) 0 W maw (umy 30

v {pm) 0 y min {pm) 50
y span (um) 100 y max (umy 50
z (pm) 0 z min {pmy 0
z span (pm} 0 z max (umy 0

use relative coordinates

down sample ¥ 1
down sample ¥ 1

down sample 2 1
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Simulation Setup

Objects Tree [
FOTD Layout

Al + ¢+ § &

Mame Type
4+ model MWodel

@ screen Rectangle
- - [ H-: HeMe source  TFSFSource
simulation A @ Upperslit Rectangle
@ Lowerslit Rectangle
% monitor DFTMonitor

L=

Edit object
Delete

Move up
Mowve down
Mowve out of group

Mowve into group
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Simulation Setup

name (FOTD

General | Geometry | Mesh settings | Boundary conditions | Advanced options ‘

(Y it o7 simulario

name (FOTD

| General | Geometry | Mesh setings | Boundary conditions | Advanced aptions

wes@______>Simple 2D simulation

background index 1

simulation tirne (fs) 1000

simulation ternperature (K) 300

name |FOTD

General | Geometry | Mesh settings | Boundary condiions | Advanced options |

% um) 0 % min {um) =30

% span (um) 60 ® max tum) 30

y (pm) O y min {urn)

y span (um) 100 y max tum) 50

z (pm) O 2z min {um)

2 span (pm) 1 z max {um)

(Y it FoTD simulatio

name (FOTD

| General | Geametry | Mesh settings | Boundary conditions | Advanced options |

Mesh m Time step
dt stability factor 0,99

dt (fs) 0122898

Hew-much accurate si r‘r‘TwThafti(@;rg‘;‘;gSo u want
rnesh refinerment min mesh step (um} 0,

Haow do | choose?

rmesh accuracy || D

acy and low memory requiremey

Help me choose PML settings

min layers 12

max layers 64

PML set
« min be [PML -]
1 uniazial anisotropic PML (legacy) -
# max b [PML v] y L (legacy)
o min be [PML '] same SEHIHMS
v max be [PML v]
[] allow symmetry on all boundaries profile custom
EBloch boundary conditions layers 12
set based on source angle kappa 2
bloch units |51 sigma 025
kx
polynomial 3
ky

extend structure through prl

Optoelectronics (17/2)
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Simulation Setup(Mesh)

 Accurate simulation is required in slits!
eMeSh Setup bjects Tree q X

FOTD Layout

AR L+ &9

Mame Type
4+ model Model
@ screen Rectangle

-f HeMe source TFSFSource
@ Upperslit Rectangle

. o @ Lowerslit Rectangle
simulation &N % monitor DFTMonitor
S
egion R T
[ Edit object
E[ﬂ Mesh
. . Disable
Add to new group
Delete
Move up

Move down

Move out of group

Move into group
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Simulation Setup(Mesh)

o Upper slit

Edit mesh overri

name top_mesh

General Geometry

@ set maximum mesh step ) set equivalent index

override » mesh

dx éprmy  0.0627
override v mesh

dy (umy 0.0527
override z mesh

dz (umy le-07

W £5it meon cverce 120

name top_mesh

| General | Geometry

w fum) 20 ® min (um)

% span (um) 2 % max (um)

y tum) B y min (um)

v span (um) 3 Yy max (um)

z {um) 0 z min (um)

z span (pm) le-07 z max (um)
use relative coordinates

45
5

-De-08
Se-08

e Lower slit

A\ Edit mesh overrid

name bottorn_mesh

General Geomeatry

A\ Edit mesh overrid
name bottorn_mesh

General Geometry

@ set maximum mesh step © set equivalent index

override » mesh

dx (umy 00827
averride ¥ mesh

dy (umy 00527
override z mesh

dz (um) le-07

% (um) -20 ® min (um)

% span (um) 2 ® max (um)

y (um) B y min (um)

y span (um) 3 y max (um)

z {um) 0 z min (um)

z span (um) Tle-07 z max (um)
use relative coordinates

-21
-19

-15
-45

-De-08
Se-08
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Simulation

A\ Lumerical FOTD Solutions - Layout - mkmkmkmk fsp [DJmle;;mulatlﬂﬂﬁlﬂptueﬁe(trunir.sjﬁ 2/P)1]

File Edit View Setting Simulation Help
@ . . A . =
Materials  structures Aftributes Components roups
, Objects Tree B X KXY view
2
A FOTD Layout
]
Name Type
4 model Model
@ screen Rectangle
HeNe source  TFSFSource
Upperslit Rectangle
@ Lowerslit Rectangle
s monitor DFTMenitor
4 FOTD FOTD
& uppermesh  Mesh
4 lowermesh  Mesh
11
1i'2
AL view
Result Wiew 8 x
Name Dimensions/Value
x
& >
p=t
£
2
o
B
& [Group scope= Smodel

A

simulation

i - - - =

s D]
Analysis Import Layer Builder

Directory: D:/mk/Simulations/Optoelectranics _16,2/PJ1

Optoelectronics (17/2)

solrces

Monitors

Hesources  Lheck

& x Perspective

& x YZ view

Mormalization: CYhorm

& X Script File Editor & X

untitled, st =

Script Workspace

Name

Script Workspace

Dimensions/Value

Script Favorites

[

X y

Yonsel University
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Simulation Result

jects Tree

ITD Analysis [Shuw result wiew

ANEE

Jame Type
k| model Model
@ screen Rectangle

|'E| HeMe source TFSFSource
@ Upperslit Rectangle
@ LowerSlit Rectangle

Edit object

Visualize »

Optoelectronics (17/2)

4

>

4| 1

r ™
\'\ Visualizer 1 . . . A L4 ‘ E@g
Plot types
N A E ) vP
0.6 @ Ling _w plot -
-Re(E) 1 Surface

) Vectar

05
Plot data redraw options

0.4 [ Hold plot settings
Auto redraw

\

Plot in Mew Window

0.1

.’/"\‘\ "‘f\\f{ VA Wiew options
0 - T T T T ) Attributes
-50 -40 -30 -20 -0 s} 10 20 30 40 50
y{microns) Paramneters
Attributes
Attribute |9ctor operatxll:alar operatlcl | Legend
Duplicate

Parameters
Attribute(s) Parameter Action Va
== — =
monitor:E (E) Plot x axis
monitor:E (E) z Slice 0
monitor:E (E) lambda Slice 0.633
« Il G
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Single Slit Experiments

 Disable one of slits = single slit experiment

IJELLS 1 TEE
DTD Layout
AT 3 &9
“ame Type
b+l model Model
@ screen Rectangle

-I HeMe_source TFSFScurcE

:‘ v Edit Db_lEEt
" monitd Disable
i1 FOTD Add to new group
e Delt
Move up
Move down
Move out of group
Movwe intoc group

Optoelectronics (17/2)

0.8+
Double slit
| Lower slit only
05 I | | Upper slit only
I | | |
04 N
||||||||||||
03 '{|i| ||’—]|[Ii\i|"“\
0.2 / \. 4 | | | | \I 'n"-\._ ‘f.. \'u
) |'.-'l .{ | | i
III,-'I'; | | !‘I;l '|I
- ey 1/ ~ N "
[} T T T T T 1
-a0 -40 =30 =20 -10 18] 20 30 40 a0
y(microns}
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Sweep Simulation

Optoelectronics (17/2)
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Slit Distance Sweep

« Sweep slit distance 4, 8, 12 um

MName: sweep
Pararneters
Type MNumber of points: & =
Mame Parameter Type Start Stop Units
_ = ] E Ao
+mode
> Properties ) el
4 Objects
> screen Marne: sweep
;- Hele source Parameters
+ Upperslit S L
Type |Ranges = | Mumber of points: 3 e
CE= , weep position | ™ :
I T Te—
" o (Upper & Lower s]ity-mesh)ra e
> uppermesh k p p | pme hl)pp&rmesh"y Length 2 6 microns
ress || e ]
N lowmesh =model:lowermesh:y Length -2 micrens
Mame Result Operation
=medel::Lowerslitzy Length microns
4| I +
Results
Advanced MName Result Operation add
7] resave files after analysis - _
-
4 mode
:0 4 Objects
Get E result
et E resu
——{mentar |~
Advanced
[] resave files after analysis

Yonsei University
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Simulation Result

e 4um,8 um, 12 uym

0.7
0.6 \
II
) I|
0.54 | |
] |
[
_/\
04 A R A
[ T N
[ I II|
0.3 | (| | |
(1 o
f | | 1
{ (| (! \
02 f 1 I \
I || | |
|II |I| I'-.
0.1 =N o~ | | - N
N\ / ! ! NN i
| — Y o — (|
4] T T T ! l\'I
50 -40 -30 20 -10 o 10 20 30 a0 50 [ I
yv{microns) [ || | '.I
(]
04 'I.Ill II | | II i
|II | ‘ | ]
AN
0.3 [ | | ||
Iy IHI o
ool || || ( -
02 [ ||| | | ||I IL- Y
£ ] | | 1 ."\\ f
| e
0.14 A~ (Wal
N/ NVAAVAW. A/ VN RYIER
04— T T - ! ’ ! ! W fi I' | | II fi
50 40 a0 20 -0 0 10 20 a0 an 50 | II i [ 1] \
y(microns) 11 {1,
N ||‘ Hl
| \ \
02 M | || v S
| 1
L \
i
0.1 i | "
~ NN 7 | ' ~ N
\ \u_.- J /\a"n'\,-'l | | o r\\ \ \\)_.- \
04 ; - - - :
50 -40 -0 20 -10 0 10 20 a0 a0
y(microns)
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Design Exercise

o Sweep slit width(1, 1.5, 2 um) and simulate both single

slit and double slit experiment.
(Distance between two slits: 12 um, Distance from slit to monitor: 50 um)

« Sweep distance from slit to monitor(10, 30, 50 um) and
simulate both single and double slit experiment.

(Distance between two slits: 12 um, Slit width: 2 um)

« Show the results respectively, and compare & analyze
the results.

e Due: 10/30 in class(Hard copy)
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