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Modeling of Gratings within Optical System —
Discussion at Examples



Abstract

Gratings are probably the most used
diffraction optics elements in optics.
Edit Stack . Nowadays, they are often employed In
| complex systems and work together with
air other components. In such cases, there is
grating medium a strong need to analyze gratings within
| S the system and so to evaluate the system
performance. We will explain, at
B e e e | 2Xamples, how to model gratings within
500 Rectangular Grating In Air in Homegeneous M Enter your e SYStE@M 1N VirtualLab Fusion. Topics like
the alignment of the grating, the settings
of grating order channels, and the

angular response are to be discussed.




Grating Modeling in VirtualLab Fusion — An Overview
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« Single grating analysis

- Via the main window “Gratings” menu,
one can enter a special evaluation

environment for gratings only.

— It helps analyze and visualize grating
diffraction properties, like the diffraction

angles and efficiencies.

"= 2: Optical Setup View #1 (Optical Setup)™ =N EoR| ==

x

Component from Catalog
+)- Functional Single Surface
+- Index Modulated -
+- Multiple Surfaces Gaussian Wave Spherical Lens t
#)- Single Suface & Coating \ [ ]
Single Surface & Stack — —_ I 1 -
Diffractive Optical Element (DOE) 0 2 1 1 1 600
Diffractive Lens e Al 0
Holographic Optical Bement
Microstructure

Programmable Component
Black Box

Grating modeling within system

— In a general optical setup, a grating
component can be inserted in any
position of the system.

— This enables the modeling of gratings
within a system and so to evaluate the
system performance, with the possible
effects of the grating considered.




Grating Modeling in VirtualLab Fusion — An Overview
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=) 2: Optical Setup View #1 (Optical Setup)” =R
Rt x|
¥ About VirtualLab - Light Sources E
= Components

License

+)- Functional Single Surface

+- Index Modulated ===
+- Multiple Surfaces Gaussian Wave Spherical Lens | Grating 1 Camera Detector
#- Single Suface & Coating 1 1
=}- Single Surface & Stack I 1 —
Diffractive Optical Element (DOE) 0 2 l 1 ‘| 600
'5'1“’9 Lens X:0mm X:0mm X:0mm
Y:0 mm Y:0mm Y:0mm
Holographic Optical Element Z0mm Z:100 mm Z0mm
Microstructure
Programmable Component
Black Box

Component from Catalog

Grating modeling within system

Both ways of modeling can
often be used together, for
example, optimize the grating
structure itself first and then
insert it into a system.




Grating Alignment in System

T e o

. . Edit Grating Component
« Attaching grating stack .
— To describe the grating within a system, jﬁf T o (L, M T
a grating stack is always attached to a G || | P oo T, P RS TR TE]
reference virtual surface (planar only). E 3 s &
attached onto ...
— The reference surface can be Cnemion || o 0" e
. . . . ‘I Grating ack ——— oo & oo T T T TES T EEm SRS TR m Tt S
wsuah;ed in the 3D system view and | © 10 ot (Lanetn ———
help align the grating. S e — -
° Stack Orientation =| Rectangular Grating [ Load / Edit Q, View
}ﬂ\/\ :l (O On Front Side of Reference Surface (® On Back Side of Reference Surface Bl
— Agrating stack can be attached onto e oo
either the front or back side of the e 1% /
reference surface. 2
-

Slanted Grating . - .
Slanted Grating With Rounded Edges » -mm Sawtooth Grating Interface | Standard Air in Homogeneous Medium E
Transition Point List Grating




Grating Alignment in System

I " preview of a rectangular grating (3 x period)
° AttaChlng gratlng StaCk reference when attached on the back side
— To describe the grating within a system, surface ~_; -
a grating stack is always attached to a —
reference virtual surface (planar only). @i in rony | | grating mediu AR
n=1.
— The reference surface can be
VlsualiZEd in the 3D SyStem VieW and » l"de’f z-[zisnt':me Lz;Pwosmon Plane::::cc: Ni:i?:;:::i?j:;i Enter\-ourcom(r::en:
help align the grating. 2 500nm 500 nm Rectangular Grating In Non-Dispersive Materi Enter your commen
° StaCk Or|entat|0n ... and after changing it to the front side
Edit Stack x reference
— A grating stack can be attached onto | — surface
either the front or back side of the 2l
reference Surface I grating1m§§ium (medium behind n=2.0)
. n="1.
. [
— One must pay attention to the o |
embedding medium setting when T i
changing this option.




Grating Alignment in System

« Lateral positioning

— When modeling the interaction of a
general field with gratings in a system,
the lateral position of the grating must
be considered.

- For example, the effect may be very
different whether a laser beam is
(tightly) focused on the stripe or the air
gap of a linear grating.

— The lateral position of gratings can be
adjusted either

* in the stack settings (options may differ
for different gratings), or

 via the component positioning options.

Edit Rectangular Grating Interface X

Structure  Height Discontinuities  Scaling of Elementary Interface  Periodization
Special Rectangular Grating Values

Relative St Width ~ 20 %

Common Grating Values
Extension

Grating Period 7.5um| Modulation Depth | 100 nm

o . Options for lateral
Lateral Shift -1.875 pm : Rotation Angle | 0 shift are available for

1
T e.g. the rectangular
grating interface

Edit Grating Component X

Basal Posttioning  Isolated Postioning  Position Information (Absolute)
Position and Orientation

Use Isolated Translation [] Use Isolated Orientation

inate
&
Position /
Orientation
g Axes
i

The whole grating
component can be @

laterally shifted, as

a general option. @“




Handling of Substrate, Fresnel Loss, and Diffraction Angle

« Single grating analysis
— As a convention, the effect of substrate

IS often omitted for e.g. the diffraction
efficiency calculation.

« Grating modeling within system

— But, any realistic grating structure rests
on a substrate and we use a plane
surface component together with a
free-space in between to model it.

— The plane surface modeling includes
the Fresnel loss, but is not coupled with
the FMM calculation of grating stacks.

— It also help handle the diffraction
angles in different media.

ating_06_Interaction with Focused Gauss

ian.os)*

- , .
ALL12-25 1 Grating Substrate Surface : Coordinate Break
= L—+—O
- I H
2 H 3 5@ ] 5
- 1 x X H I X
X:0mm 1 X:0mm X:0mm 1 1 0Omm
Y:0 mm 1 ) mm Y:0mm ll : 0mm
Z0mm : 2217 mm Z100 pm |, I 0mm
4
________________________ 1
”’*
Edit Plane Surface Component €======m==="==="""""" X ‘ ,_I
B
;@_ Component Size 2m A
- Reference Surface (all Channels)
Coordinate
Systems Plane Interface
Position / Aperture
Orientation
Homogeneous Medium Behind Surface
@ Air in Homogeneous Medium
Structure /5 Load 7 Edit Q, Vi
&




Grating Order Channel Selection

i D i re Cti O nS Edit Grating Component
— Input field may illuminate the grating Eg EabssSinis] (ot Orier Ghorreh
. . For llumination From Front Side
from either front or bac_k side and may ot || [go e oo .
get reflected or transmitted. ’ {SHCARG ER
. . . E i T 2
+ Diffraction order selection 5 iGiTem 1 L | diffraction
. . : : select the orders in 4 1T+ 0 & | orderindex
— For a direction combination, there the system modeling |} E4TC T
might be multiple diffraction orders. VR | (gl =/ .
. . Structure A we Order ools
- Itis not always needed consider all the e | (Romont| T~
diffraction orders and we suggest to ol
. Use |Direction | Order Number
use only those of interests. Salver
 Remark

— Selection of the grating order channels
does not affect the number of
diffraction orders in FMM calculation.




Angular Response of Grating

 Diffraction property dependency

- For a given grating, its diffraction

property is related to the input field.

With different wavelength / polarization,
the diffraction efficiency differs, and the
same for different input angles.

To resolve the angle-dependent
diffraction behavior, one may need to
specify the sampling points k-domain
(equivalent to angular space).

For a given input field, VirtualLab
Fusion automatically determines the
angular range.

Edit Grating Component

®

Coordinate
Systems

-

Paosition /
Orientation

Solver Sampling

B-Operator Scheme Grati rlg_Order Channels (k-domain)

Fe——memmmeemo—-—-
: MNumber of Sampling Points for Look-Up Table 201| x 11

Output Field Sampling

10




Example #1: Imaging Formation of a Grating Object



Substrate Handling

grating object
- thin chromium
on substrate J

- duty cycle 50%
- period d=7.5um

1 period d

chromium
rd

___4BollIs pasny
- - -

input field

- Gaussian profile
wavelength 632.8nm
- polarized along x
waist radius S0um
(on grating

front surface)

R see the full Application Use Case

For the consideration of substrate, we

use a plane surface component to model the front
surface of the substrate layer,

set the medium behind to fused silica, and

set the distance to the next component to 500um,
eqgual to the thickness of the substrate.

Gaussian Wave

Coordinate
Systems

B

Position /
Orientation

Edit Plane Surface Component

Component Size

2.5mm| x |

25mm

Reference Surface (all Channels)
Plane Interface

Aperture

Homogeneous Medium Behind Surface

Fused_Silica in Homogeneous Medium

(5 Load

/ Edit

QVW

|

- -
Substm:eSurface: Grating (7.5pum) Thorlabs 352110-B  Fourier Plap

Z:538 mm

Ray Tracing System 600
Analyzer

image
plane
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Grating Configuration and Alignment

Edit Grating Component

<1 Following the sketch of the setup, we
. - set the grating on the back side of the
ﬁ omponent Size { 25mm] x | 25mm| H
Woundl e ar e O (i) reference surface, and
Syatems Flane nterface - use a rectangular grating stack to represent
S P 7 N the chromium stripes.
Position / Aperture Edit Stack X I
Orientation
(Grating Stack
@ | oo S ]
rating object g .. Structure e L a
9 thir?chrorjnium period d Rectangular Grating 5 Load Q, view
on substrate 1 .\'ﬂ‘” () On Front Side of Reference Surface  (®) On Back Side of Reference Surface n
- period d=7.5um |5, chromium
5 e | Index | 2-Distance | z-Position \ Interface | Subsequent Medium J Com
3 1 0 mm 0 mm Plane Interface Chromium-Cr_(1997+1 Enter your commen
Rectangular Grating... | Air in Homogeneous...
g ! g - - B
8
()

-

-
-

input field

- Gaussian profile

- wavelength 632.8nm
- polarized along x

- waist radius 5S0um
(on grating

front surface)

image
plane
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Grating Configuration and Alignment

R - directly behind grating
I3 3: With Lateral Shift in Grating Setting [E=2(EcH <=
Chromatic Fields Set
center Z "
Index | z- Dlstanne 2-Position Interface Subsequent Medium Com
Plane Interface Chromium-Cr_(1997+1 Enter your commen g
Rec!.angulal Graung [Nr n ngeneous P = .
grating object 1 ..0q4 IMM p—— We use an additional
B thin chromium Edit Rectangular Grating Interface * H
on substrate I Structure  Height Discontinuities  Scaling of Elementary Interfface  Periodization Iateral Shlft for the
- duty cycle 50% Specil RectanguarGrting Vaes grating to obtain a
- eriod d=7.5um |_, chromium Relative Sit Width 50% v . . .
g - SA— S centered illumination.
@ Common Grating Values
| Extension x ifm
E—gi I Grating Period Modultion Depth ) -
1
M — center
! Lateral Shift 1875 um|  Rotation Angle [ o]

-
-

input field

- Gaussian profile

- wavelength 632.8nm image
- polarized along x plane
- waist radius 5S0um

(on grating
front surface)
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Grating Configuration and Alignment

grating object
thin chromium

on substrate

duty cycle 50%
period d=7.5um

input field
Gaussian profile
wavelength 632.8nm
polarized along x
waist radius S0um
(on grating

front surface)

15

LBOIlIS pasny

-

-

center

1 period d

chromium
rd

Edit Stack X
Index | z-Distance = z-Position Interface Subsequent Medium Com
» 1 Om Plane Interface Chromium-Cr_(1997+1 Enter your commen

0mm Rectangular Grating In Air in Homogeneous M Enter your commen

Edit Rectangular Grating Interface

Structure  Height Discontinuties  Scaling of Elementary Inteface  Periodization
Special Rectangular Grating Values

Relative Sit Width 50 %

Common Grating Values
Extension

Grating Period Moduation Depth
Position

Lateral Shift Omm|  Rotation Angle E

directly behind grating

.
[ 4: No Lateral Shift in Grating Setting

Chromatic Fields Set

(ESN BOR ™

Y [pm]

-20 -10 10 20
X [gm]
< >

Attention shall be paid to
the lateral position of the
grating: it has an
influence when
illuminated by general
fields with limited sizes.

1
center

image
plane




Grating Order Channel Selection

ray tracing
system
analysis

It is not always needed to consider all

the diffraction orders in a system, we

- use ray tracing system analyzer to help
visualize and determine the acceptance of the
imaging system, and

- choose only those diffraction orders that can

grating object 1 .44 enter the imaging system.
thin chromium 1 E
on substrate Edit Grating Component X
- duty cycle 50% | §
period d=7.5um | o chromium Suface Channels  Grating Order Channels
s For llumination From Front Side
3 I d Use |Direction |Order Number ~
% - M (I Ti#s [v|-4
3 1 M[Tes |3
? E[Tew |2
i n M [T -1
\ Bl B Tem o
M [T +1
M [Tes |2
M T+ +3 v

input field

- Gaussian profile
wavelength 632.8nm
polarized along x
waist radius S0um

Add Order | \Rmomer] [Tods ﬁ,]

For lllumination From Back Side
Use |Direction | Order Number

%@

g Solver
(on grating
front surface) e
E=2
e
Chang_l

Configuration
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Example #2: Angular Sensitivity Testing for a
Waveguide Resonant Grating



Grating Configuration and Alignment

aspherical lens
- fx=25mm

input field
fundamental Gaussian
- beam diameter 2mm

wavelength A=632.8nm
polarization along y (TE)

l?l see the full Application Use Case

175nm]

——
364nm

substrate
medium ...

Following the sketch of the setup, we

set the grating on the front side of the reference
surface, and

use a rectangular grating interface, with two plane

interfaces, to construct the resonant waveguide grating.

Edit Grating Component

Coordinate
Systems

Position /

—

Orientation

Component Size
Reference Surface (all Channels)
Plane Interface

H llozd

Aperture Yes
Grating Stack

(® 1D-Periodic (Lamellar)
Grating Period

R, b

guide Grating

(® On Front Side of Reference Surface () On Back Side of Reference Surface

Edit Stack

ped

e waveguide layer
(not substrate)

2mm
Index | z-Distance | z-Position | Interface | Subsequent Medium | Com
L 1 0 mm 0 mm Plane Interface Non-Dispersive Materi Enter your commen
2 364nm 364nm Plane Interface Non-Dispersive Materi Enter your commen
7 Edit 3 Omm 364nm Rectangular Grating In Air in Homogeneous M Enter your commen'
No
O 2D-Periodic
350 nm a

Sload || JEdt | O View |

Homogeneous Medium Behind Surface
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Substrate Handling

aspherical lens
- fx=25mm

input field
fundamental Gaussian

- beam diameter 2mm
wavelength A=632.8nm
polarization along y (TE)

il

175nm]

——
364nm

substrate

medium ...

Substrate is modeled
by a separate plane

R
<‘ - ~
¢ surface component. ==
<

s

‘\ —————————— -

ave ALL12-25 Grating : Substrate Surface :Coordinale Break

P4

-l S — Q-

J 2 3 H 4 ! 5

9 : 4 . X

; X:0 mm X:0 mm X I X:0mm 1 xomm/¥

i Y:0mm Y:0mm 1 Y:0mm I Y:0mm

3 Z0mm 2:2217 mm 1 z100um | |zomm

Edit Stack

waveguide layer

G e e >

(not substrate)

Index | z-Distance | z-Position | Interface | Subseguent Medium | Com
» 1 0mm 0mm Plane Interface Non-Dispersive Materi Enter your commen
| 2 364nm 364nm Plane Interface Non-Dispersive Materi Enter your commen’
B 3 0mm 364 nm Rectangular Grating In Air in Homogeneous M Enter your commen

S

) Resonant waveguide
layer shall be included in
the grating stack and
modeled within FMM.
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Angular Response of Resonant Waveguide Grating

input field
fundamental Gaussian

- beam diameter 2mm
wavelength A=632.8nm
polarization along y (TE)

aspherical lens a

fg=25mm Lol

-,

vl
vl
v
vl
[
[N .
A
1
ar

g

X
y@T—)z

350 nmI

E 2: Transmittance

Numerical Data Array

Diagram  Table ~Value at (xy)

Efficiency T[0; 0] [%]

5

0

Cartesian Angle Beta ("Rectangular G... [°]
5

100
175nm ]

e
364nm

substrate

medium ...

AN

T
>

T
10

Cartesian Angle Alpha (“Rectangular.

15\

The grating shows strong

resonance effect at a tilt
angle a around 12°.

I 14: 201 Sampling Points along Kx
Chromatic Fields Set

=)

A high enough sampling
points in k-domain ensures
the resolution of the angular

sensitive effect.

Edit Grating Component

Coordinate
Systems

o

Position /
Orientation

@

Solver Sampling

B-Operator Scheme Grating Order Channels (k-domain)

-20 -10

Number of Sampling Points for Look-Up Table |

20| x |

Output Field Sampling

10

Data for Wavelength of 632.8 nm [1E-4 (V/m)*2]

1.5

375
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Angular Response of Resonant Waveguide Grating

input field

- fundamental Gaussian

- beam diameter 2mm

- wavelength A=632.8nm

- polarization along y (TE)
X

aspherical lens a

- f

y@T—)z

f=29mm

E 2: Transmittance
Numerical Data Array

[o][O ==

Diagram  Table ~Value at (xy)
Efficiency T[0; 0] [%]

Cartesian Angle Beta ("Rectangular G... [°]

T T T
5 10 15
Cartesian Angle Alpha (“Rectangular... [7]

100

350 nmI

substrate
medium ...

175nm ]

e
364nm

Edit Grating Component

Coordinate
Systems

b

Position /
Orientation

@,

Solver Sampling

B-Operator Scheme Grating Order Channels (k-domain)

Number of Sampling Points for Look-Up Table

Output Field Sampling

[ n 13: 51 Sampling Points along Kx IEI
Chromatic Fields Set
Data for Wavelength of 632.8 nm [1E-4 (V/m)*2]
7.5
E o 3T
0
10
X [ .
Unproper sampling may
lead to unresolved results
and missing effects.
l 51] x | 1]
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Example #3: Design Polarization-Independent
Gratings and Usage in Ultrashort Pulse System



Gratings for Ultrashort Pulse Application

Z Gratings can often be

designed / optimized

% d separately.
fd

ultrashort
pulse input

general optical setup containing two (or more) grating components

11: Optical Setup View #10 (C:\Users\...\Example #3b_Polarization Independent Grating Modeling in System.os)

[ Fiter by x|
38 Light Sources
Components . :
&- Ideal Components Ex-Polarized Gaussian ) ' il
Detaciors Pulse Plane Surface Grating Plane Surface Grating Detec
5 o Pb————
- Coordinate Break " d /
. Camera Detector 0 ' ‘\‘ 1 2 3 4
- Blectromagnetic Field D¢ v X:0mm x X:0mm X:-22111 mm X: 0, X: 88444
§ \(§0mm Y:0mm Y:0 mm Yy Y:0mm
Ey-Polarized Gaussial:10 mm Z1mm Z:25mm Z:10 mm
Pulse © N
D(> : “‘Ca De
: mera Detector .
500 ; L Then, insert the
' ‘-p

optimized gratings for
system evaluation.

600

l_ﬁl see the full Application Use Case
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Design and Modeling Workflow

single grating analysis

Optical Setup
Optical Setup Tools
& D=
%P o=
B}

etry Microscopy  Vitual and
v Mixed Realty ~

cs & Calculators

8 About Virtuallab
ﬂ License Information

* | &P Update Information

License

parametric optimization

: C:\Users\...\Ex:

Welcome to the Optimization Document

This document enables you to handle parametric optimization within VirtualLab.

Isolate the grating for careful
design / optimization. S~

Insert the optimized grating
back into system evaluation.

~
{ Fiter by x| Soe
&@- Light Sources \\s
(- Components ) ) S
“ Kleal Camponeris Ex-PoIan;e:i GaussmFr,ll‘ta - '-:5-‘_"| L
__ Detectors ulse ne Surface : rating ! lane Surface
- Analyzers qu—bl:lr, I :>| —1 :>D:-
- Coordinate Break " H o
- Camera Detector 0 ' '-‘ 1 |___2_—-_| 3
‘. Hlectromagnetic Field D¢ ¢ xomm | x:omm A | X:-22111mm
Vo %omm Y:0mm " Y:0 mm
Ey-Polarized Gaussiam10 mm Zimm |, Z:25mm
Pulse . 'l
D '
- 1 ‘Camera Detector ,’
- v !
]
1
1
7
7
/
/
/
/
/
/
/
’
e
’
’
7’
’I
f’
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Exchange Gratings between Different Setups

example: optimized grating structure

Edit Stack X

Index | z-Distance | z-Position | Interface | Subsequent Medium | Cor
Rectangular Grating In Air in Homogeneous M Enter your comme:

1 Omm Omm

Save to Catalog: Specify Name and Categories
Name |Pol-independent Grating | | Check

Categories

Pulse Gratings

alx]

[ ok ]| cacel || Help |

general optical setup containing gratings

Ex-Polarized Gaussian

—
Pulse Plane Surface : Grating | Plane Surface
D
" / 1
AN 1.7 ——=1 3
¢ 0 mp T (¥:0mm ¥:.22111 mm |

it Grating Component (— -

;ﬂ_ Component Size | 20 * | 20em| B
Reference Surface (all Channels)
Systems Plane Interface
,!‘ Lo [iomd | =it B3Rl Ve
Position / Aperture Yes ®) No
Orientation
Grating Stack
@ ® 10-Peridic (Lamellr) O 20-periodic
Scame ||| Sl o =
G GO s VN
| e e
Stacks Catalog G ==""
R e —
‘Flltefby X ‘
@rmam

EI'Gingl

ol-Independent Grating
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