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Abstract

VirtualLab (VL) provides a well guided way to create
an optical setup for analyzing desired gratings.

This tutorial demonstrates the basic investigation of
the near field and the diffraction efficiencies of the
orders created by a sinusoidal grating.

This is shown for two gratings: On the one hand
with a period distinctly above and on the other hand
with a period in the range of the wavelength.




Modeling Task

Fused Silica

1 hym

Rigorous simulation of
efficiency of diffraction
orders and near field




Demonstrated Steps

Configuration of an example grating setup.
. Analysis of the near field.

. Analysis of the efficiencies of the propagating
orders.

. Same investigations of a grating with a period in
the range of the wavelength.




STEP 1

Configuration of the Grating Setup



Opening a Template Light Path Diagram

Systern  Design | Seclutions | Execution  Extras Window  Help
A3  Modules

a Calculators

Laser Resonator Toolbox

4
Grating Teolbox + ||_ 2D Grating Simulations  » General Grating Light Path Diagram
Diffractive Optics Toolbox  » 3D Grating Simulations  » Rectangular Grating Light Path Diagram

Lighting Toolbox ¢ LLGA Result Generator Sinusoidal Grating Light Path Diagram

Sawtooth Grating Light Path Diagram [:‘f
Triangular Grating Light Path Diagrarm
Yelume Grating Light Path Diagrarm
Sampled Grating Light Path Diagram

Transition Point List Grating Light Path Diagram

Prograrmrnable Grating Light Path Diagram

o Select the template “Sinusoidal Grating Light Path
Diagram” from the Grating Toolbox.




Base LPD

m 2Ly ght Path View (Light Path Diagram #1)
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Double click
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Virtual Screen
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o | Mear Field Propagation (behind

o | Near Field Propagation (behind n G rat I n g

Virtual Screen

Sinuscidal Grating R Standard Air in

Component.
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Configuration of the Grating Component 1

Default In the so opened dialog

yiew you have access to all

(ncoescmmn &/ relevant settings and
information regarding the

grating component.

Thickness q

Stacks

D sniniies U St s « Change the thickness of

- the base block to “0” as

[Giload | [ZEdit | [Quview | |[E5Losc # Edit e . .

o rotation about 2-Axis ~] | [No rotation about z A We are |ntere5ted In the

field behind the grating
structure without further

Stack Base Block .

p— propagation through a

Preview Wavelength n [ ok [ cancel |[ Hep | base blOCk.




Configuration of the Grating Component 2

-
Edit General Grating 2D

L « VL handles gratings over

Base Block

Base Block Medium SO'Ca”ed StaCkS.

Fused Silica in Homogeneous Medium

- , Click the “Edit” button for
: the stacks of the first

e saccnrsnmtme | s sk on S s interface, i.e. the left side

of the base block is used

for the modeling of the

sinusoidal surface.

Stack Base Block

Validity: ~/

Preview \Wavelength n [ ok |[ Cancel |[ Help |




Configuration of the Grating Component 3

~
Edit Stack

Base Block

Index  Distance Pohdkias Subsequent Medium

GiaEas o,
Sinuscidal Grfiting | -

| Standard Air in Homog| Enter your commer
" e

Ll

Period
Stack Period is

Stack Period

@) @) o) ) (G ) [

Add || Inset | [ Delete

’Depeﬂdent from the Period of Interface v] with Index |1

2 ym

« Move with the mouse over the writing in the blue line
“Sinusoidal Grating ...".

« Click the so appearing edit button (pencil symbol).




Configuration of the Grating Component 4

Edit Sinusoidal Grating Interface

Structure | Discretization | Scafing of Bementary Interfac

ntman 131 step « Change the Grating
Grating Period MDduIatDnDepth PeriOd tO ((.IO IJm".

Position
Lateral Shift Om  Rotation Angle

« Then go to the
Periodization Tab.

0K || Cancel || Help




Configuration of the Grating Component 5

Edit Sinusocidal Grating Interface

Peried 10

Structure | Discretization I Scaling of Elemertary Interface | Penodization

um x

Meaning of Outer and Inner Definition Area,
Period and Domain of the Interface Function

Shape @ Rectangular

Outer Definttion Area
Size and Shape

Size 20mm  x

(©) Elliptic

Effect on Field Outside of Definition Area

Posttion of Surounding Interfface Plane

Specification Mode

Boundary Minimum

z-Position

Edit Inner Definition Ares

@ Tools ff+

Quter
Definitian Area

« Here you see the default size of the so-called “Outer Definition
Area” whose definition is illustrated when the mouse is moved

over the blue

)
I

symbol. Confirm the dialogs with “OK”.




Configuration of the Grating Component 6

Edit General Grating 2D

Propagation Methods WAdvanced Settings

y

Component Propagation

[ Fourier Modal Method

~|| (7 Edi

Interface

Stack

Medium

Plane Interface

Fourier Modal Metho

Stack
Fourier Modal Metho

Homogeneous Medium
Fourier Modal Metho

Plane Interface

Fourier Modal Metho

Stack

Homegeneous Medium

Preview Wavelength

| [ Cancel |[ Help

Back in the “Edit
General Grating 2D”
dialog switch to
“Propagation”.

In the “Propagation
Methods” tab you can
select the propagation
technique.

By default a “Fourier
Modal Method”
(FMM) is set, which is
a rigorous technique
for grating analysis.




Configuration of the Grating Component 7

-

Edit General Grating 2D

Propagation Methodfl| Advanced Settings o SW i tC h to t h e

Layer Decomposition

Lo || T “Advanced

Accuracy Factor

) Manual

Mumber of Layers (First Stack) S etti n gS ! ta b a n d

Pesition /
Orientation

L]
Owerall Thickness 00 C | I C |<
@ Transition Point Decomposition

srnar) | | | @ i “Decomposition

Accuracy Factor

» | Preview”.

Propagation

Pericd

l .
Tolerancing Information

55 propagating orders (for perpendicular incident).

105 diffraction orders are used for calculation.

Minimum layer thickness: 50 nm; Total number of layers: 20
Minimum transition point distance: 200 nm

Decomposition
Remove Redundant Data e

Preview Wavelength




Configuration of the Grating Component 8

~
Decomposition Preview

Period: 10 pm
Thickness of First Stack: 1000 nm; Thickness of Base Block: 0 m

Mote: Coordinates are shifted by half a peniod.

Diagram | Table of Transition Points |

Real Part of Refractive Index

—
=
=

0.0066667

0.0033333

Here we see the grating
structure decomposed
into layers and transition
points as the FMM can
only analyze such
decomposed structures.

For the y-direction an
invariant behavior is
assumed.

Click “Close” and then
“OK” in the “Edit
General Grating 2D”
dialog.




lllustration of Some Aspects of the Setup

Sinusoidal Grating .
with 0 mm Base Block « Though the distances

N between Light Source
Standard Air in | and Grating
Homogenous Medium

Component as well as
Yiuel Grating Component

{
Screen .
N and Virtual Screen are

| —

s§ Fused Silica in set to zero, the media
Homogenous Medium have to be set, so that
Ideal 2 times the correct transitions

P distance set i
i el can be considered.
Wave to “0

> >

« This setup corresponds to one where the field just behind the
grating structure is being analyzed.




Setup of the Measurement Conditions

We are interested in the near field and the efficiency.

The measurement of both is assumed to be done in the same
medium as the grating component’s is.

The embedding medium is air and the grating medium is
fused silica.

Therefore go to the column “Medium” of the Sinusoidal
Grating (2" line) of the Light Path Editor and click the
appearing edit button (pencil symbol).

Light Path Diagram #1)

D»O(_. Path I:I Detectors ‘ ' Analyzers ‘

Start Element

Index Tipe Channel |
0 | Ideal Plane Wave =

1 | Sinuscidal Grating

imulation Type : | Field Tracing




Loading of a Medium 1

Edit Homogeneous Medium

Basic Parameters |Sca|ing | Periodization

Material of Homogeneous Medium

Name |Standard Air

[Catalog Material

State of Matter

0K | [ Cancel |[ Help

Results in ‘

Materials Catalog

Definition Type: | Light Trans Defined A

[#- Coating_Materials
-- Coming

[+ Herasus

- Hikari

& Hoya

(- Infrared

- L7085

. Miscellaneous
ihara_2002
+-Uhara_t

[#)- Rad_Hard
(- Schott_2000
- Schott_Old
[ Sumita

2.

In the dialog “Edit Homogeneous
Medium” click “Load”.

Click the “+” symbol of the entry
“Miscellaneous”.




Loading of a Medium 2

rMateriaIs Catalog ﬁ «
Definition Type: Fused Silica ® S e | e Ct F u S ed

(- Hikari ~ (Category: Miscellaneous)
(- Hoya

3 b o Silica” and

-- Metals
= Miscellaneous

| confirm the
| open dialogs

s Fused Silica

- |deal High Absorption Material
.. KDP M { )
. laF3 Wavelength W I °

. PMMA Range

- Polycarbonate Min. Wawvelength

- POLYSTYR 210 rm
- PYREX
- Quartz Max. Wavelength
.. SAN 37 um
- Seawater
- Standard Air Index Calculator
- Te02 Test Wavelength

.. TYPEA
ister 532rm 14611 «

- Ohara 2002 i
@ (2] [x [¥] Show Preview [ ok %Jl Cancel

Ll Y ._.--\--'—""—-u L SR
tart Eiemt - ;

indax Type Channsl Medium
0 [ldeal Plane Wave - ,M.

Results in 1 | Sinuscidal Grating T lFusedSiIic:aianrrmgene_.. l ]




Selection of Near Field’s Evaluation

m 1: Light Path Editor (Light Path Diagram #1)*

D"‘(- Path l’:. Detectors ‘ ' Analyzers ‘

Detector

Type

Jndex

Last Light Path Element

Type

Channel

Medlurm

Linkage
Fropagation Method

On/CF

Calar

Yirtual Screen
P

Sinusoidal Grating

T

Fused Silica in

Mear Field Propagation (behind

On

Virtual Screen

Sinusoidal Grating

R

Standard Air in

Mear Field Propagation (behind

P ———
Lo} —

On

i [ -

(] Settings

Re-Use

Automatic g iation Type - [Field Tracing

« Regarding the evaluation of the field let’s concentrate on
the transmission.

« Thus turn off the Virtual Screen regarding the reflection.
(As a consequence the continuous red transmission
linkage in the Light Path Diagram becomes dashed.)




STEP 2

Analysis of the Near Field



First Near Field Simulation

 Because the near field behind the grating is of
interest an accordant propagation method is
preset in the Light Path Editor.

[ 1: Light Path Editor (Light Path Diagram #11*

D".‘-'\:- Path l’:. Detectors ' hnalyzers‘

Detector Last Light Path Element Linkage

Tvoe lndex Channel i Sum
1S i rati T used Silica in Mo | Near Field Propagation (behind

Virtusl Screen

1[5i i rati R Standard Air in Mo @ Mear Field Propagation (behind

Virtusl Screen

___ HETENS Simulation Type ¢ | Field Tracing

o |In order to calculate the near field click “Go!”.




First Near Field Results 1

[B) 3: Virtual Screen £600 after Sinusoidal Gratin... | = || @ |[E3s] [ 3: Virtual Screen #600 after Sinusoidal Grating £1 (T)

Light View | Data View Light View | Data View
2I4 Jﬁ ' _/

a2
0

@
i=
o

0.8 o
-0.8 -

N f/\

T 1 T T T T 1 1
-12 -4 ] 4 12 -12 - 12
Position [pm]

Locally Polarized Hamonic Field - Bx Phase Zoom:1 315x1 Localy Polarized Hamonic Field - Ex Phase Zoom:1 315x1

« 3 periods of the near field’s sinusoidal phase distribution with
a 2Pi modulus step due to a constant phase offset.

« Now change the displayed physical quantity from “phase” to
“amplitude” by clicking the according symbol.

File Edit View Source  Function  Manipulation  Propagation  Detector  Systemn

(Rg T E* A? A%I Ex, By combined T|ﬁ

= [} a0

Nl
Amplitude




First Near Field Results 2

m 3: Virtual Screen #600 after Sinusoidal Grating #1 (T)

Daa Von

T T T T T T
-12 - 12

Locally Polarized Hammonic Field - Bx Amplitude  Zoom: 1 315x1

The amplitude of the field is also varying a bit.

To increase the resolution go to the 15t line in the “Detector”
tab in the Light Path Diagram and double click in the column
“Propagation Method”.

ilndlax Tipe indiax Type Medium Smn Fropagation Mathod ]Jﬂ-'ﬂf
Sinusoidal Grating e L | tear Field Propagation (behind N fon

600 | Virtual Screen

601 | Virtual Seresn Sinusoidal Grating Standard Air in No | Near Field Propagation (behind Off




First Near Field Results 3

Edit Propagation Methed

Propagation Method

Mear Field P ation (behind Grati - Edit &
__ ropagation {pehin ngs) ] Settings for Mear Field Propagation {(behind Gratings) ﬁ

[ Ok ] [ Cancel J @ Return One-Dimensional Field

™) Return Two-Dimensional Field

Qutput Size and Sampling
Mumber of Periods 3=
Res u |ts In Cutput Field Oversampling Factor 3

[ DkDS‘J[CanDeI][ Help |

Click “Edit”.
Change the resolution by a factor of 3.
Confirm both dialogs with “Ok”.

Then repeat the simulation with “Go!”.




First Near Field Results 4

« You see again 3 periods of the phase behind the
grating structure.

« Switch again to the amplitude view as shown
before and expand the window.




STEP 3

Analysis of the Efficiencies of the
Propagating Orders



Configuration for Efficiency Analysis 1

« Now let's consider efficiencies.

« With the Grating Efficiency Analyzer you can
investigate the efficiencies for every order.

« Double click the “Grating Efficiency Analyzer (2D)”
in the Light Path Diagram.

i e i T T e
mating Efficiency

Analyzer (20)

Double
Click %m




Configuration for Efficiency Analysis 2

rIEu::Iithratir'ng Efficiency Analyzer ° By d@f&Ult the G rating
|:IE‘—'I:aI{:uIatf: Efficiency of all Orders of the Field Ef-f-iCIenCy Analyzer CalCU|ateS
Mirimum Order all orders of the field and the
Viximm Qrder 3 transmission as well as the
Channels to be Analyzed . .

S S reflection will be calculated
o and displayed in a polar

Polar Diagram and Table d iagra m.

[] Intensity Distribution at Distance of

Rayleigh Coefficients (Ampitude and Phase) For some further results in
L2zl T Diresten table form check “Summed
[] Ey-Direction [] TE-Direction . . .
Transmission, Absorption, and
Reflection.

[ Summed Transmission, Ahsorption, and Reflection ]

| Ok || Cancel |[ Help |

o Then click “Ok”.




First Efficiency Simulation

« In the Light Path Editor change the Simulation
Type from “Field Tracing” to “Grating Efficiency
Analyzer (2D)”.

e Then click “Gol”.




First Efficiency Results 1

m 5: Efficiency Diagram

o | = You get a polar diagram
showing the directions of
the incident wave and the
directions as well as the
efficiencies of the reflected
and transmitted orders.

— Feflected —Trans_mitled — | ncident VWave Move the mouse into the
diagram and zoom in via
the scroll wheel.

At first you'll see only the
strongest orders.




First Efficiency Results 2

« The more you zoom in the more orders you see.

« For more details switch to the “Table” tab.

I‘\,}
Diagram h‘




First Efficiency Results 3

m 4: Efficiency Diagram

Table

Label w-Yalue

0.0010254 %
5.96TE-OR %
0.0018156 %
0.0026568 %
0.0014505 %
0.0020219 %
0.015303 %
0.10674 %
025302 %
027118 %
011524 %
0.00585196 %
020312 %
0.070362 %
0.070056 %

y-Value

025302 % T+1

Here you see the angle
and the efficiency for
each reflected and
transmitted order.

E.g. scroll down to the
zeroth transmission

order (TO).

Table with efficiencies
can be copied into
clipboard or converted
into a complex field of
VirtualLab via the
context menu (right
mouse button).




STEP 4

Same Investigations of a Grating with a
Period in the Range of the Wavelength



Change of the Grating Setup

The scenario till now showed good paraxial behavior. So

the results are quite suitably in accordance with the scalar
grating theory.

Now let’s change the grating period from “10pm”
“Tum”. The modulation depth remains “Tpm”.

Thus follow some previous demonstrated steps...

f’”“““""‘"“ ""’—'*"“m-»—*:. j
Sinusoidal Gratlng

'I st Step znd Step [#] Use Stack on First Interface
i—t ; Catalog Entry

Stack Stack

% F'.elatwe -3’
L%Mwumﬁm} [SLoad | [/Ed“{g ([Quview |  [EF Load # Edit Q, Vie

[Nn rotation about z-Axis v] Mo rotation about z-Aeds
WW

Interf 5
% - ,n = aDB, Structure | Discretization | Scaling of Blementary Interface | F‘eﬁndizationl
Sinusoidal Grating | ?

‘B Common Grating Values

Bxtension

N

Grating Period 1lum | Modulation Depth 1 pm

B T —— L PP e e e S WP




Explanations

« Scenarios like this with a wavelength of 532nm
and a grating period of Tpm, i.e. a structure in the
range of the wavelength, typically ask for a
rigorous analysis which the Fourier Modal Method
offers.

So VirtuallLab is predestined for such
investigations.

This constellation results in only 3 reflecting and 5
transmitting orders. Thus the analysis is quite fast.




Second Efficiency Results

=
m T: Efficiency Diagram

Diagram | Table

m T: Efficiency Diagram

m— Reflected

-80°

e Transmitted = Incident Wave

Diagram | Table

= Reflected

+80°  -BO°

e Transmitted

m— |ncident Wave

m T: Efficiency Diagram

Diagam | Table

m— Reflected

-80°

e Transmitted e Incident Wave

P

m T: Efficiency Diagram

Diagram Table

Reflected

Transmitted

Label | xValue

y-Value

x-Value

y-Value

R-1
RO

-32.131°
8.5924E-21°
3213

0.023306 %
0.0052458 %

0.029906 % IT

-46.737°
-21.38%°

21.383°

46,737

£.1858 %
38602 %
10.358 %
38602 %
6.1858 %




Second Near Field Simulation

« Forthe near field change the simulation type back
to “Field Tracing”.

« Then run the simulation by clicking “Go!”.

f—\wﬂﬁr‘m—"_"‘\._a—u-:\




Second Near Field Results 1

m 8: Virtual Screen #600 after Sinusoidal Grating #1 (T)

Light View | Data View

3 R
1<

NN

T T
-1.2 -0.4 o 04

Position [pm]

Locally Polarized Hammonic Field - Bx

Again 3 periods are displayed.

With these small grating structures there is no longer a

sinusoidal phase distribution because of the occurring
resonance effects.

Switch to the amplitude view and the cubic interpolation.

'EY 'Ez @ngE A%|E?€.E}'-:Dml:lined '
'cﬁnﬁlvaﬂvu e[ - ]% Resultsm‘

7|L




Second Near Field Results 2

m 8: Virtual Screen 2600 after Sinusoidal Grating 1 (T)

« The amplitude is also dramatically changed.

« Now it varies from 0.2 to almost 1.

« This is a typical phenomenon for gratings with a
period close to the wavelength.




CONCLUSION



Conclusion

« VirtualLab allows the rigorous simulation of
surface gratings.

« The Grating Toolbox allows the simulation of near

field and diffraction efficiency of gratings.
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