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Lumerical Solutions

A\

1 .

<7

v FDTD Solutions: Single and multi-

processor finite-difference time-
domain optical design software.
I

MODE Solutions: Waveguide
eigenmode solver and omni-
directional broadband propagator
design software.

[

INTERCONNECT: Optoelectronic
and photonic integrated circuit
(PIC) design software package.

[

DEVICE: Powerful semiconductor
TCAD device simulation software
for silicon-based optoelectronic
structures.

I

3D Maxwell solver(FDTD

Modal analysis(MODE

Charge transport & heat transfer(DEVICE)
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Lumerical MODE Solution

 FDE(Finite Difference Eigenmode) solver
-Calculate physical properties of waveguide modes
-Solve Maxwell’s equations for cross-sectional mesh

ol

0

Most simulations

« 2.5D varFDTD(Finite Difference Time Domain) will be held with
-Time domain simulation with approximation these solvers

-2D simulation speed with 3D accuracy
FFT ﬁ

t

- EME(Eigenmode Expansion) solver
-Frequency domain simulation

P00 N TN, - . | >
G e 3 5
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MODE Window

(®) Lurnerical MODE Solutions - Layout

Simulation

9 eh 4 - = - - - @ - .- ™ - > - _"I"_ |;| Search online help |:|
IMaterials  Structures Aftributes Lomponents Eroups simulation Analysis Irmport Build SOUrces MMonitors EME port Hesources Check Hun -
—~ ¥ =y g X Script File Editor & X
tructure Setting, =
N ayout ow Ul view Fa .._'] .._:] ﬂ =
‘\‘ .. L urtitled, Isf :-,
aaa | |Mame Type '
rvv il Madel
[ :
re Viewer
HE view 8 X YZ view g X . . ]
' Script File Editor
Result View - model 8
115 | | Mame Dimensions/value

BEORA
m)

£
(Sﬁipt Prarmpt

Ed

4

Group scope= fimodel

Command Window

Directory: D /mk/Simulations/Carrier Injection Modulator [Normalization: CWhorm

Script Workspace

Marmne Dirnensions/value

Script Workspace Script Favorites

¥ z
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Ring Resonator

Through Porl Transmission
Y A ", = -
;- 1/ \ f \ I."f

| I
'.'II- ‘ l
Input ) Through o . IJ

1 1 1
1.50 157 154 1.56 158
larmibd aium)

-Resonate on specific wavelength, A,
& Out of phase at through port
=>» Large interference at A,

-Used in many applications
:Filters, E/O modulators, sensors, RF photonics, etc.

-Waveguide property analysis is necessary

&) Yonsei University
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Waveguide Structure

 Drawing structure

Optoelectronics (16/2)

Example) Make strip waveguide
Height: 220 nm

Width: 500 nm

Length: 30 um

Core material: Si

Cladding material: SiO,

220nm Cladding Oxide

D
500nm Buried Oxide (BOX)

Silicon Substrate

Strip Rib
Waveguide Waveguide

(&) Yonsei University




Structure Build(GUI)

Lurnerical MODE Solutions - Layout
File Edit “fiew Setting Simulation Help

D Q L eh &5
Materials | Structures Attributes Caomponents Layout Show result view

Objects Tree g x

R,

X
R o e
Lvo ‘A
hAh ak4 | |Mame Type
;k ‘ Polygon @ o iid B4l model Model
sas | [Nam @ cirde 1] . Edit object
AL | 'a Ring Disable
ﬁj % Custorn Add to new group
B surface Llh Delete 5
% "R waveguide o™ hiowve up
d . Sphere jl_lé Result Vi hWowve down & x
T 0 Pyrarnid & x Mowve out of group
12 Mamne Move into group
ﬂ Flanar calid 63\
Mam sfvalue
% I 2D Rectangle ﬁ
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Structure Build(GUI)

« Cladding

ﬂ Edit rectangle @ ﬂ Edit rectangle @
name test_clad narne test_clad|
Geomelry | Materlal | Fotations | Graphical rendering | | Geometry | Material | Fotations | Graphical rendering |

Optical material

W iumy 0 % min (pm) -2
material ISi02 (Glass) - Palik v]

% span (um) 4 % max (pm) 2
index |see material database
y ) v min () 16 index units | microns
() 3 I overtide mesh order fram material databasze
y span (um y max (um .
Mesh order: |f materi
z (umy 0 z min (pm) -2

2 o G 8 2 ma () 2 folded, choose mater

grid attribute name

«-You-ean use both (x & span) which has smaller m
or (x min & max) for setup; aw | orders e

@] Edit rectangle (23]

name tesi_clad

| Geometry [ Materlal [ Rotations | Graphical rendering |

render type [detailed vJ

detail {1

override color apacity frorm material database

alpha 0.1

Yonsei University
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Structure Build(GUI)

« Cladding

A vl & ® Perspective view g x

ae e B XYL wiew g x

Optoelectronics (16/2) &) Yonsei University



Structure Build(GUI)

e Core

@] Edit rectangle (==l @) Edit rectangle (==

name test_core name test_core

Geometry | Material | Rotations | Graphical rendering Geometry | Material | Rotations | Graphical rendering

Optical material

0 i -0.25
# (um) # min (km} material [5i (Silican) - Palik -]
¥ zpan Gum) 0.5 sk (um) 0.25 index |see material database
P in () <15 index units | microns
m min (pm) -
v Y ! 7| override mesh order from material database
v span () 30 y max (pm) 15
mesh order 2
z (um) 011 z min {(pm) 0 Grid attributes
z span (um) 022 z max (um) 0.22

grid aftribute name

V| use relative coordinates

| Cancel | | Cancel

X view & % Perspective view g X

K view 8 X Y view 8 X

Optoelectronics (16/2) &) Yonsei University




Simulation Setup(GUI)

« Eigenmode Solver

(®) Lurnerical MODE Solutions - Layout = ==
File Edit ‘iew Setting Simulation Help
@ . en X = - - ~ .- ™ - - fa ™ Search online help &)
Materials  Structures Aftributes Components EGroups Simulation Analysis Import Build Sources Monitars EME port Hesources (Check Hun —
5 Objects Tree B X XY view Perspective view & ® Script File Editor B X .
A _ : )
i ‘ariational FOTD Solver |- " =
A Layout [Show result view| e | “_j u_:;i =
‘ @ o EME Solver B test, Isf X T
. * - =%
A & Mesh b set(™x span”, 4e-6): - =
244 MName Type T serivyr, 0): =
LAk | modd Model 8 set("y span™, 30e-6):
I W test_clad Rectangle 9 set("z nin", -2e-6); =
\ & Rectangle 10 set("z max", 2Ze-6);: E
1 set("override mesh order from material database™,1): ",_'
12 set({"mesh ordsr”,3): =3
13 set("override color opacity from material database™,1): 3
N X7 view & x| Y7 view = }g set("alpha”, 0.1}
16 addrect; ‘g
1T zet("name”, "test_core”); 3
1I|£ Result Wiew 18 set("material™, "%i (Silicon) - Palik™); E| W
19 sew(™x",0): =
5 Marme Dimensions/alue 20 setix span”, 0.5e-6); @
Q'\ 21 serivyT, 0): @
- 22 set("y span”, 30e-6); =
E—i 23 zeti"z min™, 0: cén
24 zeti"z max", 0.22e-6);: o
25 set("override mesh order from material database™,l): =
26 seti"mesh order”,2): -

Yonsei University
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Simulation Setup(GUI)

| Lurnerical MODE Solutions - Layout
ile Edit ‘Wiew Setting Sirnulation  Help

w - Eh - -.r - I‘j - - - - _ - - - -

Materials  Structures aftributes Cormponents [aroups simulation analysis Impaort Huild aaurces Mnn.itnrs Em
. Objects Tree § X aY view & X | Perspective view g x !
i -
Eigenmode Solver Layout | Show result view|
A - ==
o | &l X
A
sk | Marne Type
84 B4 model Model
W test_clad Rectangle
W test_core Rectangle
s FiniteDifferenceEigenmode. .
N Edit object
'% Add to new group H7 wiew B X YT wiew F x
Delete
/', Result View Mave up
: M ove dovn
y | Mame Move out of group
} Mowe into group
X[ tact
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Simulation Setup(GUI)

(@] Edit finite difference eigenrnode sohser

name FOE

General | Geometry | Mesh setings | Boundary conditions | Material | Advanced options

(@] Edit finite difference eigenrnode sohser

background index 1

simulation temperature (K 300

solver type [2D Y normal -

name |FDE
| General | Geometry | Mesh settings | Boundary conditions | Material | Advanced options
% (umd 0 % min (pm) -1
% span (um) 2 % maw (um) |
y furny 0 y min {urm) 0O
y span {uym) 0 y max (pm) 0
z (um) 0 z min {pm} -1
z span (pm) 2 z may (um) |

(@) Edit finite difference eigenmade solver

name FOE

| General | Geometry | Mesh seftings | Boundary condiions | Material | Advanced options |

(@) Edit finite difference eigenmade solver

name FOE

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

Mesh definition Maximum mesh step settings

define » mesh by [maximum mesh step v] dx {um) 0.01
define v mesh by | number of mesh cells dy ()
define z mesh by [maximum mesh step v] dz {um) 0.01

Actual number of mesh cells used Murnber of mesh cells without override regions

actual mesh cells » | 200 mesh cells » |50
actual mesh cells y |0 mesh cells y |0

actual mesh cells z | 200 mesh cells z |50

Minirurm mesh step settings Mesh grading

min mesh step (um) 1e-06 grading factor 1.41421

% min be [Metal v]

® max bo [Metal v]

Y omin be | Metal

W max be | Metal

z min b [Metal v]

z max be [Metal v]

7] allow symmetry on all boundaries

=

H Cancel ]

Optoelectronics (16/2)
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Simulation Setup(GUI)

® Lumerical MODE Solutions - Layout (=R E=R=

File Edit Wiew Setting Sirnulation Help

.0 - eh L3 > /4 - - f - - [ - = - - ﬁ Iﬁ + [P7| 0 Search online help |£|
Materials  Structures Attributes Cornponents Groups sSimulation Analysis Irnport Layer Builder Hources Monitars EME port Hesources Chec Hun
Objects Tree g x XY view & x Perspective view & X Script File Editor & X

Eigenrnode Solver Lavout  [Show result view d u_i L‘i Izl

k .. LR g test Isf ®
Aah | |Mame Type deleteall: =
v vy #4 model Model addrect;

W test dad  Rectangl set("name”, "teat_clad”):

fj est_cla ectangle set("material™, "3i0Z (Glass) - Palik™):

: seti"=",0);

@ test_core Rectangle
FI=Y FOE | FiniteDifferenceEigenmode...

m

set("x span”, 4e-6);
et (¥, 01
ety span”, 30e-6);
z
z

HE view F X YZ view 8 x 9 zeriz min", -ze-6);
10 zer("z max”, Ze-6);
11 set("owerride wmesh order from material database™,l1);
12 set(™mesh order”,3);

\ sdaams pue suopeziwpdo | fdeqr] 18(qo \ Joyp3 a4 wduag |

ll.lé Fesult View =) 23 13 set("override color opacity from material database™,l);
14 ser("alpha”,0.1);
MNarmne Dirnensions, 15
a‘x 16 addrect;
17 set{™nam=", "test_core’);
ﬁ 18 ser{™marerial™, "5i (Silicon) - Palik™):
19 sev(™,0);
20 zet(™¢ apan”, 0.5e-6);:
Q a LI} C 21 zeti™w", 0i: kT

Yonsei University
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Simulation Setup(GUI)

Eigensolver Analysis

Mode list

DECK

»

mode # effective index  wavelength (prm)  loss (dBfcrny  TE polarization fraction (E<)

4| i |

W,

name wavelength (um)

Modal analysis | Frequency analysis | Overlap analysis |

options | Set Calculation Parameters

frequency (THzd 193414

wavelength (um) 1,55

Mesh structure

nurnber of trial modes 5

search [near n -
use may index
n | 3.47638

[] bent waveguide
bend radius {(um)

bend orientation (degrees)

Festore Last Settings Calculate Modes

Simulation

m

Optoelectronics (16/2)
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MODE Solutions

Eigensalver Analysis =]
Mode list DECK i
mode # effective index  wavelength (urm)  loss (dBfcm)  TE polarization fraction (B name wavelength (pmj)
g B

4 P
Cal cu | ated Modal analysis | Frequency analysis | Owerlap analysis | ET eCtlve In d eX 1 nTerS
modes , , whether the mode is true or not

options [Set Calculation Parametars vJ

frequency (THz) 193,414

wavelength {um) 1,55

Mesh structure

number of trial modes 5

m

search [near n -
use max index
n |3 47638

[7] bent waveguide

Z (microns)

bend radius {urmd

bend orientation (degrees)

FRestore Last Settings icalculate Modes

-0.0 0.5
¥ (micrans)

Optoelectronics (16/2) ) Yonsei University



Confinement Factor

Modal analysis Frequency analysis Owverlap analysis

options | Power and Impedance Integration -
integration shape | rectangular - \ 0.8
integrate | power -
normalize to  near field mode g
= 0.2
%l () | -0.25 | &
%2 (urn) | 0.25 | E
-0.4
21 Gy [0 | Bou_ndﬁry
22 (um) [0.22 | j setting
fraction intearated | 80,0114 % M0 06 02 02 06 A

¥ (microns)
Graph control

® define integration region () zoom mode Mode plot options
plat | Modal fields = component |Energy dei » | @) linear scale
amplitude ~ | coordinates |cartesian «| O log scale

supetimpose structure Plot in Mewe Window

y) Yonsei University
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Group Index(n,)

Eigensalver Analysis —
Mode list DECK
mode # effective index wavelength (um)  loss (dB/cm)  TE polarization fraction (Bx)  wave * name wavelength (pum)

-
4| n | k

todal analysis] | Frequency analysis || Overlap analysis

optiong [Set Calculation Parameters v]

[ track selected made
start frequency (THz) 193,414
stop frequency (THz) (92175 2

start wavelength (urfy 1,55

Z (micrans)

stop wavelength (urg) 1,56

nurnber of poirgs 10 4% 0.2

nurnber of test modds 2 X (microns)

effective ind 244

] detailed dispersion calculation i

7] stare mode prafiles while tracking 24

[ bent waveguide
bend radius (um) 21
bend orientation {degrees)

Restore Last Settings Frequency Sweep 18 | | . ] ) 1 \

|
1.551 1563 1555 1557 1559
Wavelength (microns)

Made plal Frequency plot @

plot |effective index - %;t in Mew Window
@ Linear scale ) Frequency @—Fofwith I%Dge

) Log scale @ ‘Wavelength ) Plat with points

Effective Index

| g
fii=-

roup index

Optoelectronics (16/2)




Sweep Width

Sweep waveguide width from 100nm to 300nm with 50nm step

[®] Edit Parameter Sweep ? d

REINEE |swee|:||

Parameters

Type |Ranges + MNumber of points:

Name Parameter Type Start Stop Units A

< >
Fesults
MName Result Operation add
neff1 ~model-FDE:data:model neff . . -
To verify single mode conditiom-
neff2 ~model-FDE-data:mode2: neff
Advanced

[ resave files after analysis

Optoelectronics (16/2)




Sweep Results

Single mode

— condition

— neffl

1.8
neff2

1,754

1.7

1,65

1.4+

1554

1.54
SiO2 refractive index: 1.44

1.454

NG 6N WS SN SRS SIS RIS WS SR I——|

.ll'q' T T I I ] I T T T 1
1e-007 122007 142007 1.0e-007 182007 2007 228007 2.4e-007 208007 282007 22007

width

@) Yonsei University
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Design Exercise 2-1

What is the single-mode condition for the given thickness of rib

waveguide? Also, calculate group index(n,) for the single-mode
rib waveguide.

-220nm thick & 90nm slab at 1550nm

Due: 30 Nov. Iin class

I I Cladding Oxide
| | e 00N

Buried Oxide (BOX)

Silicon Substrate

Strip Rib
Waveguide Waveguide

Optoelectronics (16/2) & Yonsei University




Design Exercise 2-1

« Condition for guidance of rib waveguide

Neit_total”Nefi1 | | |
:Making same environment as strip waveguide Nty Nerry

* How to get N, _

:Use 1-D Z:X prop simulation in FDE solver Rib

Waveqguide

Optoelectronics (16/2)
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Ring Resonator

Through Porl Transmission

i M oo i -
4 \ [ v L ¥ i
ot _.I | I ‘Il |
| 1
| —_ | lr—
. ‘ FSR FAWIHM
Input : : Through @ N IJ
’ 150 i I!li‘ 1 ;—Ilambdal_un::léﬁ- (] I!-?

-Resonate on specific wavelength, A,..¢
-Key parameters : a,y, k and assume |y|? + |k|? = 1

% (1- a]/))lres
-FSR = ) , FWHM = —TfneffL\/_

-a, Y, nesr, g are determined by simulation
= FSR, FWHM(Full-Width Half Maximum) can be calculated

&) Yonsei University
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Structure

XV view & X Perspec tive vie W 5 x

Source ¥ |
(Mode source)

O Monitor

 Rib waveguide * Resonator
-Width : 500nm -gap : 150nm
-Thick : 220nm -radius : 3um
-Slab : 90nm

&) Yonsei University

Optoelectronics (16/2)



Structure(Cladding)

name cladding

)y Edit rectangle

name cladding

Geometry | Material | Rotations | Graphical rendering |

-20
20

¥ (um) 0 # min (prn)

% span (urm) 40 W max (um)
y {um) 0 -7
14

y min (um)

y span (um) v mayx (pmi 7

z (um) 1 z min {pm) 0

z span (um) 2 z may (pm) 2

use relative coordinates

. - !Edit rectangle . !

)y Edit rectangle

name cladding

Geometry | Material | Rotations | Graphical rendering |

matetial 5102 (Glass) - Palik

x)

index |see material database

indesx units | micrans

override mesh order from material databasze

mesh aorder 3

Grid attributes

grid attribute name

| Geometry | Material | Rotations | Graphical rendering |

render type [detailed

7

detail - [

override color opacity from rmaterial database

alpha 01

Optoelectronics (16/2)




Structure(Cladding?2)

@] Edit rectangle

name cladding?

Geometry | Material | Rotations | Graphical rendering |

Edit rectangle

name cladding?

% (wm)

% gpan (um)

y (um}

Y span {um)

2 (um)

z span {umi

use relative coordinates

Geometry | Material | Rotations | Graphical

rendering |

% min {pm)

W max (um)

Yy min {pm)

Yy max (um)
Z min {umy -

z max (um) 0

Edit rectangle

name cladding?

[ Geometry | Material [ Rotations | Graphical rendering |

rmatarial [SiOE (Glass) - Palik

z)

index |see material database

index units | microns
override mesh arder from material database

rmesh order 3

Grid attributes

grid attribute name

render type [detailed

z)

detail -

alpha 0,1

I

override color opacity fromn material database

Optoelectronics (16/2)

Ok ][ Cancel
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Structure(Slab)

@] Edit rectangle

|| name slab

Geometry | Material | Rotations | Graphical rendering |

% (pm) 0

% span (um) 40

y{pm) 0
w span (um) 14

z (um) 0,045

z span (um) 0,09

% min {um)

% maK (um)

v min {um)

W max (um)

z min (um)

z max (um)

-20
20

use relative coordinates

Edit rectangle Edit rectangle

|| name slab || narme slab

Geometry | Material | Rotaions | Graphical rendering |

[ Geometry | Material [ Rotations | Graphical rendering |

matetial [Si (Silicon) - Palik v] render type [detailed v]

detall [}

override color opacity fromn material database

index |see material database

index units | microns
alpha 1

override mesh arder from material database

rmesh order 2

Grid attributes

grid attribute name

Optoelectronics (16/2)




Structure(Bus Waveguides)

iEdit rectangle

name bus

Geornetry | Material | Rotations | Graphical rendering |

QEdit rectangle

name hus

| Geometry | Material | Rotations | Graphical rendering |

W im0 w min (urn)

% span {um) 40 W mas (um)

Y () Y min (um)

v span fum) 0.5 Y max (um

z (umy 0,155 z min (um)

z span (umi 013 Z may (urm)

use relative coordinates

-2
20

-39
-3.4

material |Si (Silicon) - Palik

7

index | see material database

index units | microns

override mesh order from rmaterial database

mesh order 2

Grid aftributes

grid attribute name

Optoelectronics (16/2)
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narme  ring

Structure(Ring)

Geometry | Material | Rotations | Graphical rendering |

s (um) 0

z {um) 0,155

z span (um) 013

outer radius {um) 3.25

inner radius (um) 275

use relative coordinates

y (um) 0

z min {um} 0,09

z max (um) 0,22

theta start (degrees) 0O

theta stop (degrees) 360

name  ring

Geometry | Material | Rotations | Graphical rendering |

rmaterial [Si {Silican) - Palik

7

Optoelectronics (16/2)

index |see material database

index units |ricrons -
override mesh order from material database

mesh order 2

Grid attributes

qrid attribute name
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Simulation setup

« Source Setting
(MODE source)

Edit mode source (mode has been selected

name s0Urce

General | Geometry [ Frequency/Wavelzngth |

‘@] Edit mode source (mode has been selected

name source

Goomeiry

Frequency/Wavelength

% (um) -8

% span (pm) 0

injection axis [><—a><is -] plat | E intensity

direction [Fnrward v]

amplitude 1

phase 0 0.9

mode gelection |fundamental maode v]

Select Mode 05

E intensity

[ bent waveguide

bend radius {um)

bend orientation {degrees}

Fotations

1
-37

1
-356

y (microns)

theta (degrees) 0 [

Plat current mode

J

Plot in new window

rotation offset (um) 0O

Clear Source Data ]

Optoelectronics (16/2)

y furm) -3.65

y span ium) 1

use relative coordinates

‘@) Edit mode source (mode has been selected

name source

% min (pm) -8

% max (pmy -8

v min {prm} -4.15

v max (pm) -3.15

General | Geometry Frequency/Wavelength

overtide global source settings

@ setfrequencywavelength

= settime domain

set frequency/wavelength

spectum ve wavelength

[Wavelengih vl [rnin/rnax

wavelength start {um) 1.5

wavelength stop (um) 1.6

set time domain

broadband
193.616
39,6559
112,437
12,4914

pulse type
frequency (THz)
pulselength fs)
offset {fs)
bandwidth (THz)

Advanced options
eliminate discontinuities
[ aptimize far short pulse

Set global source settings

07
-
01I.. PRSI S NS S N ST S SRR .
141 1.46 151 156 161 166
lambda (microns)
spectrum vs frequency
07
0L, v SPEPRTEPTN EPPERTT BRI .
176 182 188 194 200 206
frequency (THz)
signal ws time
02
| | | | I=3
0 2 3 4
time (fs) x10

Yonsei University




Simulation Setup

* Monitor Setting(Frequency domain field and power)

@] Edit frequency domain power monitor

name ronitod

@] Edit frequency domain power monitor

name manitor

override global monitor settings

[T use linear wavelength spacing

use source limits

[wavelength v] [min!max

rinimurn wavelength (o) 1.5

maximnum wavelength (um) 1.6

frequency points 100000

Set global monitor settings

General | Geometry | Datatarecord | Spectral averaging and a|: | General | Geometry | Datatorecord | Spectral averaging and apodization | Advanced |

rmonitar type [Linear e

z)

® (a3

W span (um)

W (pm

y span (umy

z (um3

z span {pm)

&
I

use relative coordinates

down sample ¥ 1

down sample ¥ 1

down sample £ 1

% min {um?)

s rnax (um)

Y rnin ()

y max (umm)

z min (urm)

z max (um)

-Frequency point should be large enough

Optoelectronics (16/2)

[0]8

] [ Cancel
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Simulation Setup

« 2.5D FDTD Solver Setting(Variational FDTD Solver)

name |varFDTD name |vatFDTD

General | Geometry | Effective index | Mesh setings | Boundary condifions | Advanced options | General | Geomelry | Effective index | Mesh seflings | Boundary condiions | Advanced options |
background index 1.44 w (pm) 0 s min (um) =10
simulation time (fs) 5000 % span (um) 20 ®max tum) 10

simulation termperature () 300

v lum) 0 v nin (um) 5
v span {um) 10 y max (um) 5

z (um) 011 z min () -0.39
2 span (um) 1 2 max tum) 061

Edit variational FD

name |vatFDTD name |vatFDTD
General | Geomefry | Effective index | Mesh seftings | Boundary conditions | Advanced options | General | Geometry | Effective index | Mesh setings | Boundary conditions | Advanced options |
Slab mode position Polarization mesh type
®0 (urm) -3 YO (umy 0 polarization [E mode (TE) ~| [Select mode Mesh accuracy Time step
mesh accuracy | 3 i dt stabllity factor 0,33

@ :
effective index method | variational i n b Good tradeoff between accuracy. memory requirements

and simulations time.

dt (fs) 0,0718482
can optimize mesh algarithm for extruded structures

clamp values to physical material properties Minimumn mesh step settings

Mesh refinement

Simulation bandwidth & 159 mesh refinement [confarmal variant O - min mesh step (um)  1e-05
2
S How do | choose?
bandwidih [broadband - 5 ———
E 188
magimum nurnber of materials 100 =
=3
number of samples 20 fit Tolerance 01 5 s
T
max cosfficients 3 imaginary weight 1 §

mprove stability make fit passive
-0.0

03
z (microns)

Test

number of test points 4 =

[Plat current made] [Plot in new window]
test points

Optoelectronics (16/2)




Transmission Curve

* Simulation Result
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FDTD Simulation Comparison

« Same simulation condition

« Source: z span 500nm, z center 110nm

* Monitor: 2D X-normal monitor, z span 500nm, z center 110nm
« Simulation: 3D, 5000fs simulation time

— Re(T)

0.94

0.85+

0.8+

0.75

0.7+

0655

0.6

15 151 152 153 154 155 156 157 158 159 16
lambda(microns)

(&) Yonsei University
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Design Exercise 2-2

Use the rib waveguide designed in Design Exercise 2-1, and
design & analyze ring resonator with MODE to satisfy
specification below. Also, compare & analyze the result with FDTD

simulation.

FSR > 40nm
FWHM < 0.8nm
1.55um wavelength

Due: 30 Nov. in class

Optoelectronics (16/2)



