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Grating Order Analyzer



Abstract

The analysis of the diffraction
efficiencies of gratings is the typical
modeling task with gratings. The
efficiencies follow from the Rayleigh
coefficients. Both quantities are given
for each of the diffraction orders of a
grating. VirtualLab Fusion enables
the calculation of efficiencies and
Rayleigh coefficients by the fully
vectorial Fourier modal method
(FMM). This is done by the Grating
Order Analyzer, which can display the
efficiencies and Rayleigh coefficients
of the distinct orders in various ways.

www.LightTrans.com



Discrete Orders Generated by a Grating
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Grating Orders

 When a grating is illuminated with a laser beam, it generates a
set of discrete orders depending on the period.

« The deflection of the grating orders is defined by the two-
dimensional grating equation.

« The grating structure as well as the incident light determine
the efficiencies of the orders.

* The efficiencies can be calculated by the Fourier modal
method available in VirtualLab.

« If a linear grating is illuminated under an angle (conical
Incidence) the scattered orders of the grating are in general
not distributed on a straight line.

« This is also included in the simulation of grating systems in
VirtualLab.




Conical Incidence on a Grating
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Applied VirtualLab Techniques and
Tools
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Grating Specification

EdtSt

2

J Base Block ><

Index  z-Distance

z-Positio

nterfa
Sinusoidal Gratin
=

2 10731 nm 10731 n Sinusoidal Grating Inte Titanium_Dicxide-TiCO. Enter your comi
3 69392nm 176 Sinusoidal Grating Inte Silicon_Dioxide-Si02- Enter your comi
4 1073 nm 28401 n Sinusoidal Grating Inte Titanium_Dioxide-TiC. Enter your comi
5 69392nm 353.4nn Sinusoidal Grating Inte Silicon_Dioxide-Si02- Enter your comi
£ 10731 nm 46072 nm  Sinusoidal Grating Inte Titanium_Dicxide-TiO. Enter your comi
7 69392nm 53011n Sinusoidal Grating Inte Silicon_Dioxide-Si02- Enter your comi w
£ >
Validity: +/ Add Insert Delete
Period
Stack Period is Dependent from the Period of Interface ~ | with Index |1
Stack Period 2 pm
Q| |[A| |Teols 5§+ 0OK Cancel Help

For the demonstration of
the Grating Order
Analyzer for 1D gratings
we use a coated
sinusoidal grating.

The grating parameters
can be specified within
the stack that can be
accessed in the edit
dialog of the grating
component.




Grating Order Analyzer

 After the grating structure
has been defined you can
configure the grating
order analyzer.

« Various output options
can be specified.

« This is done through the
edit dialog of the analyzer
which is opened by
double clicking on the
light path element in the
light path view.

{ Gratmg Order P.nal‘,rzer 5

!
I Double
Click

« The options of the

analyzer will be explained
In the following slides.




Grating Order Analyzer

— - « In the General tab page
eneral  Single Orders
[ Calculated Order Collections > you Can SeleCt Whether
| D Trororsostr e transmission and/or
P — _ reflection shall be
Summed Transmission, Absorption, and Reflection
Polar Dizgram in x-z-Flane an alyzed .

 |n addition you can
specify whether you
would like to evaluate the
summed transmission,
absorbtion and reflection
values and whether you
would like to show a polar

Corcel | [ Hele diagram.

10



Grating Order Analyzer

Edit Grating Order Analyzer X

General  Single Orders

 In the Single Orders tab
you can select whether

Single Order Output

e Saecior S Information for single

Seieston Smtcay . [OrderFonge : orders shall be logged.
wiirum O [ Je] [ o  This option is very helpful
Mazximum Order | D|: | D|:

If you would like to use

Dr:;i:ialﬁngles [] Cartesian Angles the parameter run Or the

[ Weve Vector Compenents [ Positions parametric optimization of
- VirtualLab to analyze and

S optimize specific orders

ul O O of a grating.
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Options for Single Order Output

Parameter

Description

Order Selection
Strategy

Coordinates

Efficiencies

Rayleigh
Coefficients

The user can define which order shall be evaluated. The
user can define whether to analyze All orders, analyze only
those orders which have an efficiency Above a Given
Threshold or calculate only orders in a manually defined
Order Range. Depending on the selection strategy the user
has to define additional parameters.

Logging of the coordinates of the orders is also supported.
The user can specify whether to show the coordinates in
Spherical Angles, Cartesian Angles, Wave Vector
Components or Positions. For the Position calculation a z-
distance between the grating and the screen has to be
specified.

The user can select whether efficiencies shall be logged.

In addition it is possible to log the Rayleigh coefficients. The
user can select to show the coeffient E,, E,, E,, TE or TM.

12



Grating Order Analyzer — Outputs

—:—: 9: Reflection Result — Grating Order Analyzer 2300

Order Collection

Diagram  Table

Grating Efficiency

Efficiency [%]

29.639
=
=
= )
o 6.376
5]
2
o

31141
=5 =z -1 0 2 3
Crder # X

& 10: Polar Diagram — Grating Order Analyzer 2800 EI@
Diagram  Table
-80° +80°

+80°

= Transmitted Orders

Reflected Orders Incident Wave

Grating Order Collection

Polar Diagram
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Grating Order Analyzer — Outputs

Date/Time Detector Sub - Detector Result
14 Spherical Angle Theta R[-1: 0] 15.422°
13 Spherical Angle Phi R[-1: 0] 0
12 Efficiency R[-1: 0] N %
1" | Amplitude of Rayleigh coefficient Ex R[-1: 0] 173.26 mVim
10 i y Phase of Rayleigh coefficient Ex R[-1: 0] 3.0575 rad
g (2022018033515 Femuis %;d'ﬁéﬂﬂsluﬁ%:*i?gl [ sphen:al f\ng\e Thets R[0: 011 ] 13
8 [ Spherical Angle Phi R[0: 0] o
7 [ Eficiency RID; 0] 29639%
[3 [ Amplitude of Rayleigh coefficient Ex R[0: 0] 544.42 mVim
ase of Rayleigh coefficient Ex R[D; 0] 1.4436 rad
erall Reflection Efficiency 78.661 %
verall Reflection and Transmission Efficiency
Absorption

 If the Grating Order analyzer is processed within the
Light Path Diagram, the single order output values are
logged into the detector results tab.

 These values are also available in the parameter run and
the parametric optimization.




Grating Order Output: Polar Diagram



Polar Diagram

Dagam | Table

« The polar diagram output
of the Grating Order
Analyzer plots the
efficiencies of both the

N reflected and the

. transmitted orders versus

.................... the angles in the x-z-
CET plane.

T-3 -52.919°| 034913 %
T-2 -32131°| 33584 % .

* It also provides a table of
TO 0°| 7.3204 %

T+1 15.422°| 33009 % A1 :

a e s all angles and efficiencies
T+3 52919°| 034913 % .

v “Zorl s of the displayed orders.
R-1 15.422°| 31141 %

RO 0°| 296397%
R+1 -15422°1 3141 %
R+2 -32131°| 15194 %
R+3  -562919°| 62033%
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Configuring the Polar Diagram

* You can zoom into the polar diagram with the mouse
wheel, the Property Browser and the ribbon.

* You can configure which orders are shown by right-
clicking on the diagram.

Select Diffraction Orders to Show

Type of Orders to Show
v General g
Incident \Wave Transmitted Crders [ Reflected Orders Wwindow Size 600, 600
v y-fods ;
Maximum 10% §
Minimum Angle Maximum Angle Minium B §
[JUseStide | TN
I ] -
[ 0 100 % .
] -B2 827 0.3491 % ReSU|tS In
] 12 -32.1% 3359 %
T-1 -15.42° 330 %
T0 o 732%
T+1 15.42° 3301 %
O] T+2 32 13° 3353 % v

Select All Select Mone

Cancel Help

==

17




Grating Order Output: Order Collection



Grating Order Collection

« The Grating Order

TR s . Collection object is used
to visualize the calculated
] == grating efficiencies or the
Rayleigh coefficients over
different coordinates.

« The user can configure
the data that shall be
shown by setting diverse
options via the property
SH R RS R browser.

Crder # X

1

Order # ¥ [1E-6 |
1 075 05 025 0 0.25 05 075

19



Setup of Data to Show

Property Browser

Datato Show fview  Data Amay Selections
v General

Coordinate Type Order Number
Data to Show Efficiency
v Order Selechon Strategy

Strategy Above Hiciency Threshaold
\ Efficiency Threshold 1E08 %

Coordinate Type
The type of the coordinates.

You can specify via the
property browser which
data shall be shown over
which coordinates.

In addition the user can
select the order to be
shown in the diagram.

These settings are done
on the Data to Show tab
page of the property
browser.

20



Setup of Data to Show

Option

Description

Coordinate Type

Data to Show

Order Selection
Strategy

This property can be used to define the coordinates over
which the data shall be visualized. Currently the order
collection supports the visualization over Cartesian
Angles, Spherical Angles, Wave Number Vectors and
Positions.

It is possible to select the different data values that
should be shown. The user can select to display the
efficiency or the Rayleigh coefficient over the selected
coordiante type. For Rayleigh coefficents E,, E,, E,, TM
and TE are supported.

The user can define which order shall be displayed. The
user can define whether to show All, show only orders
which have an efficiency Above a Given Threshold or
show only orders for a manually defined Order Range.
Depending on the selection strategy the user has to
define additional parameters.

21



Setup of Additional View Settings

e seel ey e SN + In the View tab page of

;e o0 600 the property browser the

L““";“am o user can set up additional
o view parameters.

<o * Most important for the

= customization of the view

e 3333 are the color settings.

 The user can select the
background color for the
view as well as the color
lookup table that shall be
used to define the colors

_ for the displayed data

The dot size for visualization Val ues.

22



Example of View Customization

—:—: 13: Reflection Result — Grating Order Analyzer 2200 EI@
Order Collection Grating Efficiency
Diagram  Table
Efficiency [%]
(] 20.639
o
w
=
4 16.376
T
E
o
3114
-3 -2 -1 ] 1 2 3
Order # X

Visualization

Property Browser

Datato Show  View

Data Amay  Selections

w General
Coordinate Type Order Mumber
Data to Show Efficiency

* Drder Selechon Strategy

Strateqy Above Efficiency Threshold
Efficiency Threshold 1E08 %

Strateqy
Defines how the range of shown arders is determined.

Property Browser WirtualLab Explorer |

View Settings

23




Example of View Customization

Property Browser

e o [= ][ =
Rayicigh Coefiicients Datato Show  View  Data Amay Selections
Diagram  Table e
(o . r -
Real Part of Raylsigh cosfficient Ez [Vim] Coordinate Type Cartesian Angle
B Data to Show Rayleigh coefficient Ez
0.2448 w Urder Selechon Shaiegy
Strateqy Above Efficiency Threshold
Efficiency Threshold 1E08 %
e 0.069408
=
g
£
]
-0.10599
-40 20 0 20 40 g;_“ﬂmh - . ER .
Cartesian Angle Alpha [ ines how the range of shown orders is determined.
Property Browser WirtualLab Explorer |

Visualization View Settings

24



Example of View Customization

Property Browser

e o [= ][ =
[ — Datato Show View Data Amay Selections
Diagram  Table -
Efficiency [%] Cocrdinate Type Position
Distance 1m
29.639 Efficiency
Minimum Order -2: -3)
Maxaimum Order (3: 3)
g 16.376
-
3.1141 —
-1 -0.66667 -0.33333 g 0.33333 H'"""_ilfﬂﬂlﬂﬂ'
The minimum shown order.
x [m]
Property Browser WirtualLab Explorer |

Visualization View Settings

25



Visualization of Conical Incidence



Define Conical Incidence

« Within the positions and

Edit General Grating 2D

' Basal Postioning  Isolated Positioning ~ Position Information (Absolute) O ri e n tati O n d efi n iti O n Of
B | e the grating the user can

Reference Output Channel

define an arbitrary
orientation.

Delta X Om Delta Y

1 || o e * Thisis done in the

fﬂ o — h Position / Orientation tab
s r q|mﬂrlslh:al)l[ E— within the edit dialog of
gz Hmemm > the grating.
¥ i G « For this use case we use
Theta = 40° and Phi =
Proviow Wavelongth Cancel b

40°.

27



Result — Grating Efficiencies over Order Number

Property Browser

—:—: 5: Reflection Result — Grating Order Analyzer 2300 EI@
a—— Dteto Show View _ Dota Amay _Slections
Diagram  Tahble w (General
Efficiency [%] Coordinate Type Order Mumber
Data to Show Efficiency
B 12734 * Drder Selechon Strategy
Strateqy Above Efficiency Threshold
Efficiency Threshold 1E08 %
; 11.576
b
o]
Ll 24166
-1 0 1 2 3 4 5 Strateay . .
Defines how the range of shown arders is determined.
Crder # X
Property Browser WirtualLab Explorer |

Visualization View Settings

28



Result — Grating Efficiencies over Order Position

Property Browser
3% 5: Reflection Result — Grating Order Analyzer 2300 EI@ D Sh
Order Collection Grating Efficiency ata to show  View Data Amay  Selections
Diagram  Table -
Efficiency [%] ETI:FEIII'IETE Type fl’mtmn
IStance m
19734 Efficiency
W

Strateqy Above Efficiency Threshold
Efficiency Threshold 1E08 %

y [m]

_ -

2 1 1] 1
x [m]
L] 34166
Coordinate Type
The type of the coordinates.
| Property Browser WirtualLab Explorer |
Visualization View Settings

29



Result — Grating Efficiencies over Cartesian Angles

Property Browser

3% 5: Reflection Result — Grating Order Analyzer 2300 EIIEI D Sh
Order Collection Grating Efficiency atato oW | View Data "u"na!!r Selections
Diagram  Table W ENE
Efficiency [%] Effici
iciency
19.734 %  Urder S>ele AL
Strateqy Above Efficiency Threshold

Efficiency Threshold 1E08 %

11.576

Cartes... [7]

-60 -40 -2 "] bl 40
Cartesian Angle Alpha [°]

Ll 34166 -
Coordinate Type

The type of the coordinates.

Property Browser WirtualLab Explorer |

Visualization View Settings

30



Result — Grating Efficiencies over Spherical Angles

Property Browser
3% 5: Reflection Result — Grating Order Analyzer 2300 EI@

e —— Datato Show View Data Amay Selections
Diagram  Table W
Efficiency [%] Coordinate Type Spherical Angle
Data to Show Efficiency
I 19.734 “w Urder
5 Strateqy Above Efficiency Threshold
< Efficiency Threshold 1E08 %
s.
g
= 11.576
=
£
b §
=
E
Ll 34166

Coordinate Type
The type of the coordinates.

30 40 50 60

Spherical Angle... [7]

Property Browser WirtualLab Explorer |

Visualization View Settings

31



Tips & Tricks: Aspect Ratio

* Depending on the

e oo S S, . coordinate range which is
displayed it could be
j - helpful to change the
aspect ratio of the data.
« The aspect ratio can be
adapted via the property
browser or via the

corresponding ribbon

entry: —

L] o 3

| | 3.4166 |_" idj Iiid

n n on n n r H

=0 4 el & i Free fAspect| Copy View Copy View
Spherical Angle Theta [*] Ratio = to Clipboard  Settings

"§a True To Physical Scale —
Iﬁ Free Aspect Ratio

Free Aspect Ratio

32



Document Information

title Grating Order Analyzer

version 1.0

\(L verspn used for 20.3.4

simulations

category Feature Use Case

33 www.LightTrans.com



@HTTRANS B

Rigorous Simulation of Holographic
Generated Volume Grating



Abstract

reflection

Holographic generated volume
gratings, with a thickness much larger
than the wavelength, often shows a
narrow bandwidth around particular
wavelength and angle. Following the
two-beam interference exposure
process, a volume grating inside
fused silica is generated and
simulated with the rigorous Fourier
modal method (FMM) in VirtualLab.
Both the spectral and angular
dependent reflection property of the
grating are analyzed.

www.LightTrans.com



Modeling Task

-1st order reflection?
<k

z-period
292.5nm

\

x-period
507.6nm

incident angle
around 60°
(to be varied)

input wavelength
around 640nm
(to be varied)

%
®
P>
o3
.‘C%
\‘o
LY
A Y
“
K '
’
S
N
L
r

holographic volume
grating generated by
two-beam interference
(640pum, 59.9° angle)
exposure process, with
refractive index
modulation of 0.01
based on fused silica

.

thickness
70um




Results

« Wavelength scanning

Efficiency R[-1; 0] [%4]

20

60

40

-1st order reflection

FWHM 3.45nm —> <

0.635 (.64 .643
Wavelength (ldeal Plane Wave F0) [um]

\ 4
shift of wavelength dependent
reflection due to locally increased
effective refraction index

rigorous FMM analysis
of single wavelength
within 18 seconds

-1st order reflection?

«

incident angle
fixed at 59.9°

wavelength varying
from 630 to 650nm

292.5nm
k N|

70um

wu9'L09




Results

« Angle scanning
-1st order reflection

Efficiency R[-1; 0] [%4]

g _
2] FWHM
—> < 0.55°
o
] T ] ] |
-60.5 -60 -58.5 -59

Cartesian Angle Alpha (Volume Grating #1... [7]

-1st order reflection?

<

angle varying
from 58.8 to 60.

wavelength
fixed at 644nm

8& "'

A 28
e
~

292.5nm
—A

wu9'209




Document Information

fitle Rigorous Simulation of Holographic Generated Volume

Grating
version 1.0
V_L version used for 2034
simulations
category Technology Use Case

6 www.LightTrans.com
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Non-sequential Field Tracing

Coupled Surfaces Analysis by Using
Non-sequential Field Tracing



Theory Background

e Global S matrix

global S
local s

incidence
_—

<
reflection

transmission
—_—

< ________
incidence
(backward)

— Recursion with respect to
number of regions / layers

* Non-sequential field

tracing
s
locals ~

C

incidence L
—_—

L

< L
reflection

L

VIVIVIVIVIV

.

NIANINIANIAN| A

transmission
—_—

( ________
incidence
(backward)

— Recursion with respect to
number of light paths




Planar Surface + Planar Surface

e Structure

100 um |

| (633 nmg

Global S matrix

* Non-sequential field tracing

Mumerical Data Array
Diagram  Table = Value at xCoordinate CO nverg ence

100

R: 96%

Bl 27: Value £3: B

IIIII

Yalue #3: Efficiency [%)]

80

cy of E

Eff. (T) Eff. (R)

4.04% 96%

Value #3: Efficiency [%]

Diagram

1m0 125

75

2.5

Table Value at xCof

T T T T T : T T
3 10 15 20 25 30 35

number of light paths

T: 4.04%

T
5

T T T T T T
10 15 20 25 30 35

number of light paths

www.LightTrans.com



Rectangular Grating + Backside Coating

« Single grating

100 um

T+1

/

TO
—

\

T-1

700 nm
———|

| (532 nmg

n=1.46

Global S matrix (TM)

T Eff. R Eff.

+1 31.9% +1 1.26%
0 30.6% O 3.03%

« ... with backside coating

485 nm 100 nm
sk 100 um s

gJi X T+1
| (532 nmg TO
_—
5 T-1
n=1.46 &n

Global S matrix (TM)
T Eff. R Eff.

+1 23.6% +1 0.762%
0 18.1% O 33.1%

www.LightTrans.com




Rectangular Grating + Backside Coating

* Non-sequential field

« ... with backside coating

tracing AR O
T+1
E=, 1: D:\OneDrive\..\2018-01-22_Results_Rect-Coating_TM_Transmis... | = || = |[w23m]
Mumenical Data Array
Diagam  Table Value atxCoordnate convergence
- ‘ TO
T - L | T+1: 23.6% —
*= -— * = *
X \
Dﬁ N == Efficiency (T-1)
g_ - Efficiency (TO) T—? T-1
E o =s= Efficiency (T+1) n=1.46 (&)
g TO: 18.1% -
. ——— 4 Global S matrix (TM)
| | | | | | T Eff. R Eff.
4 6 8 10 12 14
number of light paths +1  23.6% +1 0.762%
o) 18.1% O 33.1%
5 www.LightTrans.com



Rectangular Grating + Backside Coating

* Non-sequential field
tracing

E<i 1: D:\OneDrive\,.\2018-01-22_Results_Rect-Coating_TM_Transmis... | = || & |[523a]

MNumerical Data Array

Diagram Table Value at x-Coordinate

. - .

] | T+1:23.6%
3
(] o™
L
y B, 2 DAOneDrive\..\2018-01-22_Results_Rect-Coating_TM_Reflectan...[ = || 51 |[e3]
E Numerical Data Array
w O
§ o~ Diagram Table Value at x-Coordinate
£
E -
@ | RO: 32.9%
T T T
—_ o
T ® ™
ot o —
Maximurm Lg § - Eﬂfqency ®-1
a = 2 - Efficiency (RO)
E == Efficiency (R+1)
u
£
=

R+1: 0.89%

T T T T
4 6 8 10

<

T T
12 14

Maximurn Level (Light Path Parameter | Simulation Settings)

>

... with backside coating

4%5 n[n 100 um lOO nn':
T+1
TO
>
S T-1
n=1.46 &

Global S matrix (TM)

T Eff. R Eff.

0.762%
33.1%

+1 23.6% 1
0 18.1% O

www.LightTrans.com



Rectangular + Sawtooth Grating (parallel)

« Single grating

100 um

T+1

/

TO
—

\

T-1

700 nm
———|
50%l

| (532 nmg

n=1.46

Global S matrix (TM)

T Eff. R Eff.

+1 31.9% +1 1.26%
0 30.6% O 3.03%

« ... with sawtooth coating

100 um

| (532 nmg E TO
L= Asymmetry!
Global S matrix (TM)
T Eff. R Eff.
-1 28.1% -1 0.65%
0 18.2% O 0.923%
+1 514% +1 0.74%

www.LightTrans.com



Rectangular + Sawtooth Grating (parallel)

* Non-sequential field

tracing

Bl 15: D:\OneDrive\..\2018-01-22_Results_Rect-Sawtooth_TM_Trans... | = || & |[mE3m]

Mumerical Data Array

Diagram  Table Value atxC convergence

... with sawtooth coating

485 nm 550 nm
s} RN

100 um

T+1

wu 00[‘

] ‘ | (532 nmg TO
; | T+1: 51%
3 ) i T-1
: s L T 27.9% =LA
E T |- eeeng 00 Global S matrix (TM)
5 == Efficiency (T+1)
Rl S— == Efficiency (TO) T Eff R Eff
4 & 8 10 12 _ 0) - 0
number of light paths 1 28.1% . S
¢ ? 0 18.2% O 0.923%
+1 514% +1 0.74%
8 www.LightTrans.com



Rectangular + Sawtooth Grating (parallel)

* Non-sequential field + ... with sawtooth coating
traCi n g 43;5 “;“ 100 um 5;0 n;n

T+1

E<i 15: D:\OneDrive),.\2018-01-22_Results_Rect-Sawtooth TM_Trans... | = || & |[sE3m]

700 nm
b

Mumerical Data Array

Diagram  Table Value at x-Coordinate

wu 00[‘

o | i - = o

D el T+1. 51% | (532 nmg TO
£ |
= 3 :
g B} 11: DAOneDrive\..\2018-01-22_Results_Rect-Sawtooth TM_Reflec... [ = || & |[m3m] \
E MNumencal Data Array
*§ 2 Diagram  Table = Value at xCoordinate
2 * - T-1

| '\ n=1.46 |
aiEn % | Global S matrix (TM)

1

20

gﬂ“
4 = o
Maximum Lg g‘
i T  Eff. R Eff.
coenl]o1 281% -1 0.65%
=B Efficiency (RO}
T 0 182% 0O  0.923%
Maximurn Level (Light Path Parameter | Simulation Settings)
; = +1  51.4%

9 www.LightTrans.com



Computational Effort

« Parallel gratings

Global S matrix Non-sequential field
tracing

~N3 ~N3

(scaling with number of layers) (scaling with number of light
paths)

with N as the number of diffraction (evanescent included) orders
used in calculation

« Crossed gratings

Global S matrix Non-sequential field

tracing
3 — 3 3

...(Nx X Ny) (Nx + Ny)

(scaling with number of layers) ~ (scaling with number of light
paths)

X
with N, and N,, as the number of diffraction (evanescent
yt/I\> ; — included) orders in both directions

10 www.LightTrans.com



Rectangular + Sawtooth Grating (crossed)

e Structure

— Front: rectangular grating
(along x direction)

— Back: sawtooth grating
(along y direction)

100 um
E

485 nm
x|

550 nm
|

T(-1, 0)

Global S matrix (TM)
T Eff. R Eff.
-1,0 5.4% -1,0 5.7%

0,-1 4.2% 0,-1 5.8%
0,0 4.5% 0,0 13.8%
0,1 44.9% 0,1 4.6%
1,0 5.4% 1,0 5.7%

11 www.LightTrans.com



Rectangular + Sawtooth Grating (crossed)

* Non-sequential field
tracing (Tm)

P, 65: D:\OneDrive\...\2018-01-22_Results_Rect-OrthSawtooth0.7um_... | = || = |[wE3s|

Mumencal Data Array

Diagram Table Value at x-Coordinate

convergence
o - -
g < T(0, 1): 44.3%
gr - | Eﬁicienr_‘y T(-1, 0 T(-l, O)
i w= Efficiency T(0, 0) .
= - Efficiency T(1, 0) Global S matrix (TM)
i e Efficiency T(0, -1)
E =m= Efficiency T(0, 1) T Eff R Eff
= = - I -1,0 54% -1,0 57%
, , , , ; . 0,-1 4.2% 0,-1 5.8%
4 7] & 10 12 14
number of light paths 0,0 4.5% 0,0 13.8%
? 0,1 44.9% 0,1 4.6%
1,0 54% 1,0 5.7%
12 www.LightTrans.com



Rectangular + Sawtooth Grating (crossed)

* Non-sequential field
tracing (TE) Polarization included!

B, 82: DAOneDrive\..\2018-01-22_Results_Rect-OrthSawtooth0.Tum_... [ = || = |[s3s]
MWumencal Data Array
Diagram  Table = Value at x-Coordinate convergence
_ T(+1, 0): 18.4%
= el * -
I A
g - T(0, 1): 17% T(-1, 0)
= _ Global S matrix (TE)
* = Efficiency T(-1, 0)
= ~ Efficiency T(0, 0) T Eff. R Eff.
w == Efficiency T(1, 0)
E - — — EﬂiL‘iEﬁL‘yT(D,-'l) 'l, 0 18% 'l, O 11%
—r/, | O 0,-1 2.8% 0,-1 0.46%
4 6 g 10 12 14
number of light paths 0,0 11.9% 0,0  22.6%
¢ ’ 0,1 17.1% 0,1 6.89%
1,0 18% 1,0 1.1%
13 www.LightTrans.com



Rectangular + Sawtooth Grating (45° rotated)

e Structure [ X
T(1, 0)
— Front: rectangular grating
(along x direction) T(0, -1) /(1 )
— Back: sawtooth grating

(along x-y diagonal direction) 4T(0,0)

Global S matrix (TM)

=» No common period!

=» Huge computational effort even
with approximated common period

14 www.LightTrans.com



Rectangular + Sawtooth Grating (45° rotated)

* Non-sequential field
tracing (Tm)

P<. 5: DA\OneDrive\..\2018-01-22_Results_Rect-45RotSawtooth.7um_... | = || = |[mE3m]

Numencal Data Array

Diagram  Table = Value at x-Coordinate convergenc

Subsets #0, 41, #2, #3, #4, #6, #5 (%)

15 20

10

JEd bkt

e

T(-1, 0): 22.7%

.
v

T(1, 0): 20.1%

=i

Efficiency T(-1, 0)
Efficiency T(0, 07
Efficiency T(1, 0)
Efficiency T(0, -1)
Efficiency T(0, 1)
Efficiency T(-1, -1)
Efficiency T(1, 1)

o 10 15 20 A5

number of light paths

T(0, 0):
21.8%

X

'T(l, 0)

T(o;) /(1 1)

4 T(0,0)

\. y

T(0, 1)

) T(-1, 0)

Global S matrix NOT possible!

=» No common period

=» Huge computational effort even
with approximated common period

15
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@HTTRANS N

Parametric Optimization and Tolerance Analysis of
Slanted Gratings



Abstract

Coupling of light into guiding structures with

high efficiency is an important issue for many

applications, like backlight, optical

Interconnector, and near-to-eye displays. For

such applications, slanted gratings are well

known for being capable to couple

monochromatic light with high efficiency. In
N

this example, the optimization of a slanted
grating with the rigorous Fourier modal
method is presented. The optimized grating
shows a diffraction efficiency of over 90% for
a predefined direction order. In addition, the
iInfluence from the slope deviation of the
grating is investigated.

|
WARRY

2 www.LightTrans.com



Modeling Task

EpISHiice How to optimize the T,, order
material diffraction efficiency, by adjusting

T, the slant angle ¢, grating depth h,
and filling factor ¢/d?

slant angle
Q=7

e ]

input plane wave
wavelength 532nm
linearly polaried

along y direction

'

—
s

.
”

performance with the
slope deviation due
to the fabrication
technique taken into
account?

/episulfide In addition, how to
“~ material :
<p1&/ __.7“1'716@532% evaluate the grating

filling factor X

period c/d=2 P, =

d=405nm (fixed)

Q= (901 + @3)/2

>
|
D

TR




Results — Parametric Optimization

d=405nm

e
- O

initial structure

I

h=500nm

c/d=50%

H 28 Efficiency T[+1; 0] of Grating Order Analyzer #800 vs. Simulation Step EI@

Numerical Data Array

Diagram  Table Walue at x-Coordinate

80

40

T,, efficiency [%0]
60

20

3 10 15 20 25 30 33 40 43 30 55 60

optimization setup

Order

Efficiency

+1

11.551%
72.795%
11.551%

parametric optimization with rigorous Fourier
modal method for grating efficiency calculation

optimized structure

p=34° /
e { c/d=57%
Tl
yo] /
/
—
h=324nm
Order Efficiency
-1 0.267%
0 6.027%
+1 91.275%




Results — Tolerance Analysis

The fabricated slanted gratings often shows
a deviation from the perfect parallel grating
lines. Such slope deviations should be taken
into account for the tolerance analysis.

‘P1&/..— _

- fixed average slant angle
¢ = (@1 + @3)/2 = 34°

- fixed filling factor
c/d=57%

- varying ¢4 from 34 to 44°

B 40: Efficiency T[+1; 0] of Grating Order Analyzer #2800 (Results for Individual Orders) vs. Sl... | = || = |[ns]
Numerical Data Array

Diagram  Table Value at x-Coordinate

a5

over 90%

a0

T,, efficiency [%0]

.

35 36 37 38 39 40 41 42 43

slant angle ¢, [°]

Rigorous simulation with Fourier modal method, for
tolerance analysis over 50 steps, takes 30 seconds.
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