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Micro Optical Lens and pixel simulations using
OptiFDTD

= Micro-lens with dimension compatible with working wavelength is not
suitable using the Ray-tracing method.

= Micro-Lens in Pixel layout and image application can be simulated
using OptiFDTD.

= Layout sweep simulation can scan the Lens’ parameters.

= Tools in OptiFDTD can measure the focusing distance, focusing spot
size, transmission and more.

= This presentation will explore the extensive simulation and post
processing tools included with OptiFDTD.
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(1) Examplel---4*4 Lens array

Lens dimension

R=0.5125um

D=1.0um

n=15 \
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Examplel---4*4 Lens array in OptiFDTD
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Examplel---4*4 Lens array in OptiFDTD

[Ei{)ptiFD'lD Designer -Main-Development - [4X4Lens248nm.FDT] o =
E File Edit View Tools Draw Simulation Preferences Window Help _IE' 1'
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Examplel---4*4 Lens array---input wave

©)

(b)

Input transverse is set as
y-polarized plane wave in
the whole xy plane.
Boundary condition
makes the plane wave
straight forward
propagate to the lens.

Select from a variety of
Input transverse beam
formats: Modal,
Gaussian, or user
defined.

Input Field Properties

f+ Continuous ' ave

W avelength [Lim]

" Gaussian Modulated Continuous 'Wave

|n.24a

General I 20 Transverse 30 Transverse |

Center Postion (um ) x

Half Width (um )
Titting Angle (deg )

x [23 T Auto

Rectangular Transverse

Im T Auto
o At

¥ |2.3 I Auto
Y 23 " Auto

— Effective Refractive Index

" Linear Theta[deg) =

i~ Modal Select Mode ... |
= Local
" Lser Real 15 Imaginary I:

— Polarization
" Linear ¥ ™ Right Hand Circular
% Linear Y " Left Hand Circular

— Input Amplitude or Power

% pmplitude (V/m2)

[10 T O Power(W) 00

k. Cancel |

Help |
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Examplel---4*4 Lens array---Simulation parameters

(5) Simulation Parameters

(a) Mesh size
0.02um*0.02um*0.02um
(b) Run for 1248 time step +

10 additional cycle to get the
steady state field

(c) Calculate steady state
field for Ey and Hx
(Disretized Fourier transform)

(d) x-y boundary use the
upper-lower symmetric
boundary condition. Z-
direction user the APML as
the boundary condition

3D Simulation Parameters

— kezh Parameters

Mesh Dela < [um) Im Muriber of Mesh Cellz 5 |22EI [ Auto
Mesh Delta ' [um) ID-U2 Mumber of Mesh Cells |22EI ™ Auto

tezh Delta £ [um) ID_DE Murmber of Mesh Cell: £ |25E| [~ duto

' afer Dimensions: 5.00 um [length] * 4.60 urm [width] * 4.60 il Advanced... |
urn [depth)
Actual Mesh Uzed = 00200873 um [delta ) * 0.0200873 LI

— Time Parameters

Time Step Size: 3335640951981 52e-017 ¥ Auto

& Fun for |1248 Time Steps [Fesultz Finalized) v o

£ Run Until User Stops Execution, then Finalize Fesults

Script Option: [ Simulate Using Script

Eey Input Fisld: IInputF‘Iane'I and wavelength: 0.248 j

DFT Ophionz
Componentz for Post-Simulation Analziz.

ME: WEy I E:z

Electric Components
’7 W H:e [~ Hy I Hz

’* Magnetic Components

Time Sampling [ntenal: |1 [T sute

Bun... | Summary... | 1] 4 I LCancel Help
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Ey at xz plane at y=2.9 ( the center of third row) Ey at xz plane at y=4.1 (the center of third row)
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Simulation ---Observe the time domain response (time step around 310)

'S

1.8 ( the center of domain)
Simulation uses 761.58MB RAM and CPU time 1:33:49

Ey at xz plane aty
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Simulation ---Observe the time domain response (time step 360)

[B 4%4Lens248nm.FDT - _ o] %]

Fle WView Smulaton Preferences Help

[Cod|®g||urwa A ||| flekt [XXest 3|

4580
[ \ |-

14348

10365

05782

_I 02988

00785

j‘ -
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04563

h o [

|-
o | \ |.-|.

0835

-12135

0 lll 0
000

T
‘ | | 15018
-2.300 -1.153 £.010 1135 2.280
X
Rer uxRa[y) Ex(Smuced)  Ey Ez(Smucod) | fx (Smuced) | Hy(Smuccd) | He(Smucen |
Orientatian
D ent Position: 1,10 u
" & K Plar .
C A2 Plan " ' ) ' ' ' " ' I I I ' ' 1 ' ] ' ' . 1
T vz Plane il
For Hel Ip press F1 | HER |On Display: Step 360 [Time Elapsed: 1.21e-014 y

Ey at xy plane at z=1.1 ( 300nm from lens edge z=0.8um)
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Analyzer ---Observe the steady state response

2.280
47571
[ 41629

— 35627

1.135

— 29745

0010

23803

17861

-1.155

11012

05977

2300
000zs

0.on 1.24 2.48 a7z 496

Z
Ey at xz plane at y=0.5 ( the center of first row)

*steady state response can be observed in any xy, yz, zx slice
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Analyzer ---Observe the steady state response

nent - [4X4Lens2:
Tools  Window  Hell

Main-Development -
tion EIEFEIEHEES P
[ [eE] £ Bk pRsze >+ ¥ |

2 Ele View Comporents Simula
Hﬁ‘ =X HJ+ — [ w000

DFT Ey
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Only ¥-Y Plane is available.
14 7] A
0.4 U \}W\W\
0.00 248
z
oMo f o [ oms] Z Fara] ] Layout | RetixRely)  Ey(DFT)-Amp [HxOFThamp | PoynimVeieZ | OveispScan | FarFied |
+X
; Urent Position: 050 fum]
P )
I ‘ ) ' ‘ ' ‘ ‘ ' ‘ ‘
v > 460
¥
‘Emmnsm]
eady 3700000  [-2.300000 [ u 4

Ey along z direction at x=-1.8, y=0.5
It can be read that ach lens focus at z=1.26, focus distance

1.26-0.8=0.46um
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Analyzer ---Observe the steady state response

_IEjOptiFDTD Analyzer -Main-Development - [4X4Lens248nm.fda] =10l x|
El Fle View Components Simulation Preferences Tools Window Help —|®] x|
|=lae ]|+ - o= [[EElFe 5 [ XEZ et ¥
r~ Poveer W)
Pz-x 0.000000e+000
Pz-y 24839442014 27484
Pz 0.000000e+000 DFT E
¥
~Power Ratio——————————————— Jeme
Pz 0.000000e+000
, Pzy 9.774100e-007 20631
Pz 0.000000e+000
Irput Plane [ iFlanet = ) L7
-~ Current Slice ason [
IIEHHMEHI
Orientation: =7 - i ¢ 12817
Z - Pastion: 50 (1.00 um) Help | -
10410
2aan
. 07003
1.145
03506
- 00180
oo | 4.155
2300 X
f105] 2 FarField 7 Fower | ] Leyout | RebaxRely)  Ey(DFT)-Amp |%«OFThAmg | PoynagVeorZ | OverapScan | FarFic |
A% Orientation
s & e Current Position:  1.00 furn]
' 7 Plane )
J %2 Plane i 1 ‘
£ -
il Z | € vz Plane 0.00 5.00
¥
[ 4x4Lens248. |
3,700000 -2.300000 [ nom 4

Ready

Ey at xy plane z=1.0um

87.7% power is transmitted
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Analyzer ---Observe the steady state response---Poynting vector

[ 0ptiFDTD Analyzer -Main-Development - [4X4l ens248nm.fda] =18 %]
= Ble View Components Simulation Preferences Tools Window Help & =]
=@ ||+ - Fow H|A&][EEFe s MK e> 1 |
- DFT Result Angl
CE CHe | gk [m5e289 5
i Ep 1 Hy -
e o e 55.6283::’ Poynting Vector 294e002
“whavelength (um] 0.248 257e002
Refractive Index: 1
- ResutFomat [~ dB [¥ Homalization —— 2206002
) fmglitude. ) Feal ) Phase
& Intensity € [maginary 1a4e002
0.03
~Cunent Shes——————— oo
Orientation:  #-Y Bzt - 001 L7002
2Z - Position; 2 [1.26 um]
Help | 000
Som 110002
2.280
T 34003
367003
-3 F9e-006
P10 7 FarFierd [ Povel] «[» ayos | Retibccly) | EIOFTHA™e | #xDFTHAm  Paynting VectrZ [overan som | Farfd |
% riertation
A & WY Plane Current Positior: 126 [um]
I
€ %Z Plane } ) ) ) } o } } ) ) ) . . , . . , . : . : .
2 Plane 0.0 5.00
1 4%4Lens248. |
Ready 3.700000 -2.300000 [ oM v

Poynting Vector at z=1.26um

14
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Analyzer ---Observe the steady state response---Poynting vector

[ 0ptiFDTD Analyzer -Main-Development - [4X4Lens248nm.fda] —1ol x|
& Fle View Components Simulation Preferences Tools Window Help 121 x|
HB’“|§ 2 |”+ | HJ]TQ H"i]f\ P IR T 2R S
A
} Mo. slices —
- DFT Fiesul Angl S oreno 2300 %=0533 2w |1 H
ClEr Ol eanls [5E8288 =] ’ R
CEy  CiHy —
ClE2 CH: s [geeze8 2 670002
F N i I
Wavelength um) . [0.248 » 0008 v 1B
Refractive Index. ~ [1 | R DR NI
— s S A S, 1 .
- Resut Format [ o ¥ | Hormalzation —— E 2 000e.002 i N
€ Amglitude € Real £ Phase = ] %P J T A A0 R
@ Inensty € Iz [ R— I 7 S T O I
E Il AR Enen
~Curret Slice 2 — “ter { RS DR PN X N | A D
Orientation: %Y Export.. L5 1333002 :
Z - Position: §3 1.26 um) !
Hep | — b o rie B [ e
10002002 ; ; H ; ; A " . : :
. e \
6 6672003 i H i 1 1 H H
33332003 E‘\ : 3 : :
0.600=+000 e LA N | [ T L ; ;
T T T T T I T T T
0000 0221 0442 0663 0884 1105 1326 15947 1768 1983 2210 2431 2652 2872 3093 3314 3535 3796 3977 4198 449
Y
015 7 Forfied [ 7 Powst | o[ v]| | ioyom | Rebimcney) | Eyriame | mDiTrame  Poyning vector 2 [overasean | Fared |
Curent Position: 1.2 fuml
L
1 " " ' " " ) " ' " " ' " " " ' " ' ' " " '
ffan] 500
3.700000 -2.300000 [ oo | 4

Poynting vector vs. y at x=0.6um, z=1.26um

Focus beam size can be measured at half width of the peak
value, which is 0.1613 .
15
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Discussion

= All data can be exported to an ASCII file for
further analysis by using third party packages
such as Code V (ORA) and ZEMAX.

= OptiFDTD includes an interface for users to
convert OptiFDTD data to an output file which can
be used directly in Code V or ZEMAX.
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Analyzer ---Far field transform

[& 0ptiFDTD Analyzer -Main-Development - [4X4Lens248nm.fda]
i

2 Ele Wew Comporents Simulation Preferences Tools Window Help

(=]
|51® % ][+ ~ o =1 > &

=181x]|
[ £l b (MO = > 2 3 |

~ DFT Result Andgl

CEr O He as [56.8260 = s
* Ey  © Hy :’

CE e | Y [GEE28

‘wavelength [um) : 0248
Refractive Index: 1 28213
- ResutFarmat [~ dB ¥ Homalleation ——

© Amplude € Real = Phase
& Intensity Imaginan

(- CurentSlice——— | Calculate SIkE
>
Drisntstion: % Euport

2 - Positior: 179 (358 un)
Hep |

25492

56,529

58829

28482 0134 28213 58 560

®
s FarField [ £ Power| «|»

Layoust | Ref iixRe(y) | Ey(OFT}Amp | Hx(DFT}Amp | FoyningVecor? | OweiapScan  Far Fieldl

Orientation
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 ®Z Plane

000

€ Y-ZPlane

500
 4xaLens2ee..|

Ready

| 3. 700000 [-2.300000 [ [vum | v

Far field pattern based near field at xy plane z=1.26
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Example2---

1. 3*3 Pixels in layout designer
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2. Refractive index distribution in one x-y slice

[ OptiFDTD Designer -Main-Development - [3X3_pixel_01FDT] =l=i x|
Tl Fle Edit View Tools Draw Smulation Preferences Window Help =18 x|
[o=dx tme|s=|a || eoooon o] | [[k]3% & [ 22w = | > =
I IR R = w5 s

- —
r
[
o
L |
o 16000
-
o 15250
» a5
»
» 14500
L
i
13750
-
o 240
il s 13000
”
-
o 12250
4
15
11500
10750
0o
10000
L -5 0.0 15 X
x
ayoul | 20 Ref_kix- Re(y) 3D Refr_ldx- Eﬂ(y) mg I
Orientation
& % Plane Cunent Position: 1.12 fum]
i
€ %Z Plane , ) .4 . ) . ) . ) . . ) . ) ) ) ) ) ) ,
Y Z 1 *'Z Plane 0.00 919

51 3%3_po 0.
_ Ready [ 1800000 [-3.000000 [ UM
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3D Simulation Parameters x|

3. Simulation Parameters

— Mesh Parameters

Mesh Delta = [um) IEI.EI'I Murnber of Mesh Cells 5 IEEIEI [T Auta
Mezh Delta 'y [um] IU.E” MNurnber of Mesh Cells IE':”:' [ Ao

kesh Delta £ [um] II:I_I:I2 MHumber of kMezh Cellz £ |459 [ Auta

X, y —direction mesh is set to 0.01lum

. Z direction mesh is set to 0.02um

Wafgr Di;nensians: 5,19 um [length] * 6.00 um [width] * £.00 i’ e L X, Y, 2 boundary IS set as PML
um [deot {Advanced... ..
.ﬁ.CtLal Efle]sh Used = 0.01 um (defia ) 0.01 um [defia'y) = | s bound ary con dition.
-~ Time Parameters « Total mesh is 600*600*459, plus 12
Time Step Size: |1 BEFE204759307E:-017 v Auta P M L Iayer in each Side
% Run for IE“:":”:I Time Steps [Results Finalized] [~ Auto . ) Lo
" Fun Until U zer Staps Execution, then Finalize Fiesults e The tOta| prOblem Slze IS 190 m|”|0n
e | - nodes (71% of the 16GB memory).
Script Optior: ™ Simulate Using 5cript
ey Input Field: IInputF‘Iane'I and wavelength: 0.55 j . I n |t|a| |Zat|on Tl me.: 5 . 6 m | n UteS
DFT Optionz . .
Chooze The Components Meeded For Future Analysis. L CO m p Utatl O n TI m e 14 . 6 h O u I’S

E: [ ey [Ez M H: W Hy [ Hz . Finalization: 5 minutes

" Electric Compaonents " b agnetic Compaonents

Time Sampling [mtersal: I'I [T futa . COmpUtatlon Rate (average) 328
Mnps ( million nodes per second)

Bun... | Summary. .. | ok | Cancel | Help
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4. Simulation results

Observation Area Analysis

Observation Point  Observation Area I

6.0

X . _ Y-Polarization Poynting
= vector in xy Plane,

Ex | By | Bz | tx | vy | Wz | Sex  Szy | S |

100nm under Silicon

]"-"fl 0.55 [um] " |mage Map Undate Gramh Spectium
o8 I [ampliude | " Height Plat | |ayel’

— Power (W] Power Ratio o

Mormalization ... |
Pz |3.338?E2e-003 Pzx |3.338?E2e-003 Input Plane:
Py [7.4386382-001 Pey [7.43863 001 [inpuiPlanet =] Export Data .. |
Pz I?.4?2DEEe-DD1 Pz I?.4?2DEEE-DD1 Help |

* Label Ex| Ey| Ez| Hx| Hy| Hz| 51| 52| 53| Center Pos {um) | X {um)|Y (um){.
1 |[™ |ObservationAreal | X | X XX X |X|X|(000 3.00528) (600 |800 |l
2 |[T |observationArea3 XX K| X |X|X|X|(000300459) (000 [600 |
3 | |ObservationArea? | X | X XX K| X | X|(000 3.00025) (600 |500 |
4 | |ObservationAread | X [ X | X (2.00,3.00,459) |0.00 |B00 |
5 |[T |observationareas X XX (-2.00,3.00,459)|0.00 |600 |
6 | |observationAreas | X | X (0.00,1.00,459) [6.00 |0.00 [i_
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5. Simulation results

x|
Observation Point Observation Area |
a.0
4.5
;5'3-0 Total Poynting vector in
Ls xy Plane, 250nm behind
. input wave
| 0 1.5 0 4.5 6.0 L
- Xf‘fm) This is the reflected
P = o = wave. Because
MID-EE [urm] % Image Map ; pectium
d& [T IAmpIilude j |7rh II-Ieiglﬁth:'lot .ésmalysis... reerCted Wave

propagate to negative z

—Power [w]—————— ~Power Ratio o
3.303921e-004 =] 3303921004 Input Plane: Ml
Pz-x I . - z-% I . - : H & =
PZ'_',' Im PZ'_',' |'11152198+DDD IInputF'Iane'l j Er:pnltData... | dlrectlon, SO Poyntlng
Pz [1.115543e+000 Pz [1.115543e+000 Hep | vector has negative
£ Label Ex| Ey| Ez| Hx| Hy| Hz| 51| 52| 53| Center Pos (um) | X (um){¥ {um ::I
3 |[¥ |ObservationAreaZ | X | X X[ % [ x[x[roo0 300,025} [6.00 [600 | SymbOI
4 | |observationAread | X | X | X [2.00,3.00,459) |0.00 |8.00 |
5 | [obzervationArsas X X[ x (-2.00,3.00, 459 }[0.00 |5.00
§ |[C|observationareas | X | X [0.00,1.00,459) [6.00 [0.00
7 | |observationarea? | X [ X [ x (0.00,3.00,459) [6.00 [0.00
& | |observationaread | X [ X [ X (0.00,5.00,459) [6.00 [0.00
4] |
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6. Simulation results

Observation Area Analysis x|

Observation Point  Observation Area |
6.0

o wt UGN

B
=0 e
1.5
o ) 000
v 0.000
= o [ETE e s ] Ey in yz Plane at x=0

i o 7 Inaaeip - e
Update Graph .
48 [~ IAmpIitude vl " Height Plat - Bralysis ..

— Power (W] Fower Ratio o
Mormalizatior ... |

Pry  |-2552050e-002 Puy |-2552060s-002  |Input Plane:

Pz [1.7370362003 ez [177060008  [pparionet =] | _EPODS.. |

Px |-2.3?83488-DD2 Px |-2.3?83488-DD2 Help |

( the center pixel)

= Label Ex| Ey| Ez| Hx| Hy| Hz | 51| 52| 53| Center Pos (um) | X (um)|Y {um)|: =
1 | |ObservationAreal | X | X XX X | X | X |(0.00 3.00,529) |6.00 (600 |l
2 |[v |ObservationAread X | X X|X|X|X|[X|(000 300 459) (0.00 |[6.00 |
3 | |observationArea2 | X | X X | X X | X|X|(0.00200025) 600 |[6500 |
4 | |ObservationAread | X | X | X (2.00,3.00,459) (0,00 |[5.00 |
5 |[C |observationareas X X x (-2.00,3.00 459) (000 (600 |
& | |ObservationAreas | X | X (0.00,1.00,459) (6.00 [0.00 |[ig

23
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Example 3--- SMF28 fiber lens

----Sample 22 in OptiFDTD (can be used as Live demo)
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Example 3--- SMF28 fiber lens---sample 28

Ref. ldx

®* Open Sample22 in the OptiFDTD sample folder

* Click “2D_ref_Idx_re(y) button under the layout
sub-window to observe index distribution, (Click
“Height” plot shortcut toolbar and Drag the graph
can change the view angle.)

* The layout is a center cut of the SMF28 Fiber with
termination tapered and polished as Lens. When
Lens radius is changing, the taper length will be
changed too, and the wave focusing distance and
Loyt 20 Refr dxcRely) [ RotixRty) | Sy Nobs | | size will be also changed. The simulation will
check the focusing distance and focusing size.

-15.0




(% Optiwave

Example 3--- SMF28 fiber lens---sample 28
---Checking how to sweep the Lens radius

Dim ilIt
Dir dPFinax

iIt = 12
cdPfmax = 4.1/3in(43%3.141592 65368/ 180)

For i=1 to iIt
dRTt = dRwmax - 0.3 % 1
ParanmMgr . 3etParamm "R", dREIt
WEHgr.S1leep 500
ParamMgr.3imulate

Mext

* Click Layout button

* Double click on the Lens Object, you will see Lens Radius is defined by an variable “R”, Other
objects positions are also associated with this R when R is changing.

* Click Simulation Menu and Click on “Editor parameters:, you will find we defined variable R and
Some other parameters associate with “R”

* Click “Test Script" or the Play short cut toolbar, you will find the radius and the taper length is
changing in the layout.

* Click “VB script” button under the layout graph sub-window, you will find the VB scripting code.
This is the code to control scanning parameters. When “R” is re-defined, All the associate
parameters will be changed.
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Example 3--- SMF28 fiber lens (Simulation using Script)

x - Click2D simulation Parameters,

Please note “Simulation using

€T o Script” is selected

— Mesh Parameters

MeshDeha um] [0075  NumberofMeshCels [400 T Aut » The scanning simulation will
MeshDelaZ (um] 0075 MumberofMeshCelsZ [50 [ Auto call FDTD Engine 12 times
B _ corresponding the iteration
A i s = 0075 6ka 0075 it = s, | number for Lens Radius R
| - » Simulation will generate 12
~ Time Parameters results file, open each results file
Time Step Size |1 G67620475330762-016 M futo can measure the focusing

distance and focusing size.

% Fun for |4EIEIEI Time Steps [Results Finalized) [T Auta
* Or advanced user can call the

final results with VB without open

each results file ( please Check
tutorial lesson 16 for this feature)

= Fun Until Uzer Stops Execution, then Finalize Fesults

Script Option; ¥ Simulate Using Script

F.ey Input Information; IInputF‘Iane'I and wavelength: 1.55 j

Fun... | Surnmary... | Ok, | Cancel I Help |
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Sample 3---Lens in Sample22, post-data analysis

E_ OptiFDTD Analyzer 8.0 RC - [Sample22 VBscript_2D_Lens-007.fda]
E File View Components Simulaton Preferences Tools Window Help
e KA
HEI—'|)\ZE %lﬁvlz'\zs""fl’

=] e |||+ = [[oon =[x =

Loyout | Fet cRely) | AxOFThAm | EyOFTHeme | He(FTM4mo  Poyniing Vecior Z |
.ESampIEZZ..I
Ready [31.400000 -15,000000 4

Click field components of Poynting vector to check the steady state response.
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Sample 3---Lens in Sample22, post-data analysis

X-Z Cut Visualizer

Ed

File Toolz Help

Waveguides | Parameters I Modes | Graph Setting Cross Cut |

Power of current Cross-cut (W/m); Direction of the Cross-cut
I 9.473951700550e-009 ’7 (@ X Direction ¢ Z Direction
Blesh po Calculate Mode
[418 - Positon (um): [31.35 =
|
1 1 ] 1 1 1 i 1 ) 1 i 1 1 ] |,l ] 1 1 ] 1 1 i i 1
0 650 Help |
= Ref Index, Ey

Left Button and Drag to Select Zoom Region. Press Control Key and Left Mouse Button To Zoom QOut.

Info-Window ]

Pos: (x: 16.1467 y: 1.65476)

Markers:
A (-0.781205, 1.19225)
B: (0.733859, 1.19225)

AB: (151508, 0)

-0 u} 10
Position [um]

Click Crosscut viewer and right on the graph to select graph tools to measure the

focusing distance and size.




