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Before We Begin

 Duration of webinar ~1 hour

 Q&A at the end
— Type your questions in the chat during the webinar!

* Follow-up email:
— Day after the webinar
— Presentation, video and VirtualLab Fusion sample files

* You can request a trial version free of charge

e Subscribe to our newsletter, connect with us on
LinkedIn and follow us on Twitter!

« Give us your feedback in the poll!
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Modeling of Etalon with Planar or Curved Surfaces



Abstract

The simplest form of an optical etalon is a
transparent plate with parallel surfaces.
Such a structure forms a resonator, and
the transmittance and reflectance vary
with the thickness of etalon. Beside the
simplest structure, etalons with other
configurations, with e.g. non-parallel
surfaces and curved surfaces, are
designed and used for different
applications. With the non-sequential field
tracing technique, several configurations
of etalons are analyzed, and the
differences in the output interference
fringes are investigated.
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Modeling Task

etalon

different configurations

a) planar-planar (parallel)
b) planar-planar (tilted)

c) cylindrical-planar

d) spherical-planar

How to calculate the
interference fringes for
etalons with different

input plane wave configurations?

wavelength 532nm
linearly polarized
along y or x direction

8 LightTrans International



Parallel Planar-Planar Surfaces

etalon configuration

a) planar-planar (parallel)
- varying thickness
from100 to 99um

Constructive and
destructive interference
alternatively shows up
when the thickness of
etalon varies.

9 LightTrans International



Tilted Planar-Planar Surfaces

.

I 13: Tilted Planar Surfaces E’%" \
Chromatic Fields Set Linear interference

fringes appear due to
linear change of etalon
thickness.

etalon configuration

b) planar-planar (tilted)
- center thickness 100um

Qﬁrst surface 0.1°

first surface tilt by 0.1°

1

)

¥ [mm]
05 00 0%

-1

-1 05 0 05 1
X [mm]
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Cylindrical-Planar Surfaces

etalon configuration
c) cylindrical-planar
- center thickness 100um
- cylindrical (x) surface
radius 1m

|\30°

= o ==

& 14: Input Field Polarized along ¥
Chromatic Fields Set

input polarization along y

Polarization-dependent
effect on the interference is
considered in the simulation.

05

(=& =]

¥ [mm]
0

0.5

X [mm]

¥ [mm]

1
: & 15: Input Field Polarized along X
5 Chromatic Fields Set
05 input polarization along x
£ 1.34
0 U
-1 05 0 05 1

0 05

-0.5

-1 05 0 05 1
X [mm]
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Spherical-Planar Surfaces

. & 17: input field polarization along Y )

Chromatic Fields Set

input polarization along y

I8 16: input field polarization along X =N =R
o Chromatic Fields Set
° input polarization along x
1.35

-1 05 0 05 1
X [mm]

etalon configuration

d) spherical-planar

- center thickness 100um
- spherical (x&y) surface

radlus 1m

1

.5

Y [mm]
-0.5

=l

05

0.675

¥ [mm]
0

-0.5

Non-sequential field tracing 4 05 0 05 1

simulation of etalons allows mm
the consideration of arbitrary
surface types.
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Peek into VirtualLab Fusion

flexible channel settings

Edit Optical Interface Sequence

s [H1® O ® Interference from multiple reflections
| s 0 ' between arbitrary surface types
n 16: Spherical - Planar Surface EI@
Position / Chromatic Fields Set

Data for Wavelength of 532 nm [(V/m)#2]

1
D O.s
0

-1 05 0 05 1
X [mm]

Structure /
Function

¥ [mm]
05 0 05 1

&l

T ST T T T T
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Workflow Iin VirtualLab Fusion

« Construct component using interfaces
— Catalogs II: Interfaces Catalog [Tutorial Video]
« Set up component position and orientation
— LPD II: Position and Orientation [Tutorial Video]
« Adjust channels for surfaces
— Channel Configuration for Surfaces and Grating Regions
[Use Case] Eait OpticalInterface Sequence

&1 [ m]| 4

Interface

All Interfaces

Interface #1 (Conical Interface)
Interface £2 (Flane Interface)

K KE

LightTrans International
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https://www.youtube.com/watch?v=qYMXO9kx2OY
https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/index.php?id=1318

VirtualLab Fusion Technologies

nonlinear free
crystals & components SPaC€  nrismg,
anisotropic plates,
components

waveguides
& fibers ~
scatterer -
( gratngs
diffractive diffractive,

diffusers

@ cubes, ...

lenses &

@ freeforms

apertures &
boundaries

Field
Solver

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eeform DOE
components arrays
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Examination of Sodium D Lines with Fabry-Pérot
Etalon



Abstract

Fabry-Pérot etalons are widely used in
laser resonators and spectroscopy for
wavelength selection. Typically they are
composed of two high-reflection (HR)
coated surfaces with air or glass in
between. In this example, an optical
metrology system with a silica spaced
etalon is set up to measure the sodium D
lines in VirtualLab Fusion. With the non-
sequential field tracing technique, the
Interference due to multiple reflections in
the etalon is fully considered, and the
Influence from the coating reflectance on
the fringe contrast is investigated.

17
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Modeling Task

spherical lens
- plano — convex

silica-spaced etalon - effective focal
length 100mm

coatings

- varying reflectance

- material: Silicon Dioxide
& Titanium Dioxide

input spherical wave
- sodium D lines

@588.9950nm & 589.5924nm
- half divergent angle is 2.3°

L d; =70mm P L d; =10mm L L ds =f=100mm |
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Visualization of Both Spectrum Lines

coating

reflectance
~82%

wavelengths
588.9950nm :
& 589.5924nm

_______________
-
-

=
—

n 39: In Front of Etalon
Chromatic Fields Set

in front of
the etalon

- —
- -
N

& 38: Sodium D-Lines

Chromatic Fields Set

|

on the Fourier
plane of the lens

\/
589.5924nm
3 2 1 0 1 2 3 4
X [mm]
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Finesse vs. Coating Reflectance

single wavelength
589.9950nm

coatings
varying reflectance:
82%, 65%, 37%

Chromatic Fields Set

Y [mm]
0

Rz82‘V; |

X [mm]

2 =1 0 1 2 3

Chromatic Fields Set

Y [mm]

R~65%

4 3 =2

X [mm]

-1 0 1 2 3

=
| Sharpness of the interference
_— fringes depends on the reflectance
of the coatings on the etalon.
4 A\
45 R-82% =% IR == 3 41:R-65% B8 EoR == 42 R-37% =8 R ==

Chromatic Fields Set

Y [mm]
0

2 =t © 1 2 3 4

R~37% ™
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Finesse vs. Coating Reflectance

B45:r-82% (= on == |
Chromatic Fields Set

B 41:r-65%

B 42:r-37%
Chromatic Fields Set

Y432 a0 1 2
R=37% "™

1D measurements along the radial direction

the higher the reflectance, the higher the finesse

o~

E 52: Finesse vs. Reflectance

(o[ wse)

Numerical Data Array

Subsets #0, #1, #2 [(V/m)* 2]

Diagram

o
o

0.6

04

0.2

Table

Value at x-Coordinate

0 1 2 3 4
Rho [mm]

~
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Peek into VirtualLab Fusion

flexible configuration of channels

i Edit Stratified Media Component X

Interface +/+ +- -+
Surface #1 (Stratified Media) O O

ray tracing analysis and
visualization of the optical system

visualization of interference

& 38: Sodium D-Lines

[o[& )

Chromatic Fields Set

Y [mm]
0

22
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Workflow Iin VirtualLab Fusion

« Set up input Gaussian field
— Basic Source Models [Tutorial Video] Edit Parameters of Costing X
o . . Layer Definition  Process Data
« Set the position and orientation of components e
Index: 1 | |
— LPD ll: Position and Orientation [Tutorial Video] | Coning
* Set the HR Coating e ﬁwﬁﬂtanium Dioxide—MT?g;TI'hinFilminHomg .
- Cataloqs [I: Coatinqs Cataloq [Tutorial Video] 2 10.3nm ...E.":q: Sfliolcfjn_nio;idgﬁqz-Thin;ﬁaianomger
« Set the non-sequential channels of components 5| 838hon| 28| e, i TORTiFimi s
— Channel Configuration for Surfaces and Grating Regions Ap . 9 3s2nm | “‘““*—E‘”ﬂi“‘“i"F”"*i" el
[Use Case] Wav::ngth Range of Media o
al @ = Corcel | | Help
23
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https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.youtube.com/watch?v=kk2MD437gLo
https://www.lighttrans.com/index.php?id=1318

VirtualLab Fusion Technologies

nonlinear free _
crystals & components SPace prisms,
anisotropic plates,
components cubes, ...

waveguides
& fibers ~
scatterer - ‘
diffusers '( ‘ gratings
diffractive diffractive,

%

lenses &

@ freeforms

apertures &
boundaries

Field
Solver

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eaform DOE
components arrays
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Fizeau Interferometer for Optical Testing



Abstract

Fizeau interferometers are a common
type of optical metrology devices in the
iIndustry, and they are often used to test
the quality of optical surfaces with high
precision. With the help of the channel
configuration in VirtualLab Fusion, we
build up a Fizeau interferometer, and use
it for testing different optical surfaces e.qg.
cylindrical and spherical ones. It can be
shown that the resulting interference
fringes are sensitive to the surface profile.
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Modeling Task

detector
How does the interference
imaging fringe change for different
lens test flats?

test
flat

flat

beam
splitter

collimation

reference l
lens

spherical wave

- wavelength 532nm
- half-opening angle
26.6°

%
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Tilted Planar Surface under Observation

- _
I3 40: Fringe from Tilted Planar Surface
Chromatic Fields Set
Data for Wavelength of 532 nm [(V/m)~2]
1.81
t0n
o~
o~
detector ;

£
f=]

£

E° 0.905

>
L
g \
mn
o

tilted planar % :
0 05 1 15 2 25 3 35 4 45
surface X fmmi

Reflection from the test planar surface remain
as plane waves, but only with slightly different
direction, and therefore leading to parallel
striped fringes.
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Cylindrical Surface under Observation

A n 42: Fringe from Cylindrical Surface
Chromatic Fields Set
Data for Wavelength of 532 nm [(V/m)~2]
s 1.86
o~
o~
detector -
wn
o
E
E° 0.93
5
1
2
a0k
N
cylindrical % 5
0 0.5 1 1.5 2 2.5 3 3.5 4 4,5
surface X )

Reflected wavefront from the test cylindrical
surface gets curved in one direction, therefore
leading to parallel striped fringes but with
varying pitch.
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Spherical Surface under Observation

A 3 41: Fringe from Spherical Surface ’
Chromatic Fields Set
Data for Wavelength of 532 nm [(V/m)~2]
s 1.95

E

E° 0.975

reference spherical i o
ﬂat 0 0.5 1 1.5 2 2.5 3 3.5 4 45
surface X )
7

Spherical surface changes the reflected
wavefront in radial direction, thus the
interference fringes appears as concentric rings.

30 LightTrans International



Peek into VirtualLab Fusion

n41:FlingefromSphericaISurface [r= ‘ = ’@

Chromatic Fields Set

Data for Wavelength of 532 nm [(V/m)*2]

flexible channel settings

Edit Ideal Beamn Splitter

Interface

Interface #1 (Beam Splitter)

Geometry /
Channels

®

Pasition /
Orientation

>
=

Function

Y[r
2 1.5 -1 -0.5 0 0.5 1 1.5 2 25

20y

0 0.5 1 15 2 25 3 3.5 4 45
X [mm]

—

visualization and analysis
of interference fringe

non-sequential ray tracing analysis
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Workflow in VirtualLab Fusion

« Set up input field
— Basic Source Models [Tutorial Video] 7@ \
« Construct real components using surfaces M S—
| N | | %ﬁ 2 2mm  2mm Plane Interface Air in Homogeneous Met Enter your comr
* Define position and orientation of components =
. : : _ _ flf:_
— LPD llI: Position and Orientation [Tutorial Video] =
« Set channels properly for non-sequential tracing T T %
— Channel Configuration for Surfaces and Grating Regions S
[Use Case] e i P
| |53 Cancel Help
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https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/index.php?id=1318

VirtualLab Fusion Technologies

nonlinear free
space

crystals & components

anisotropic
components

waveguides
& fibers ~
scatterer _
dffusers
diffractive

beam

splitters SLM &

adaptive

components

@
3)

Field
Solver

freeform
arrays

©)

prisms,
plates,
cubes, ...

lenses &

@ freeforms

apertures &
boundaries

diffractive,
Fresnel, meta
lenses

micro lens & HOE, CGH,

DOE

# Iidealized component
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Collimation Testing with Shearing Interferometry



Abstract

Collimation of laser beams is a
fundamentally essential task for various
optical applications. Testing of the
collimation is therefore of significance as
well, and shearing interferometry is often
employed for such tasks. In this example,
we demonstrate how to build up a
shearing interferometer and to use it for
testing the collimation. By varying the
beam collimation system — in this
example, the distance between the two
lenses — we observe the interference
fringes from the shearing interferometry.
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Modeling Task

How does the shearing interference pattern
look like for input beam with different
collimation quality, e.g., with changing
distance between the two lenses?

spherical lens

o fey=450mm
objective lens - diameter 25mm

- fg=14mm
- NA=0.25

-
PR

input field
Gaussian profile |
wavelength 632.8nm
beam diameter 1mm

f?

interference
fringe

—— x shearing direction

-
- ~~

»” S
 different "S_
side view

shear plate
- thickness 7.5mm
wedge angle 0.015°

36
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Wavefront Evaluation after Expansion and Collimation

71
,I
\
*~ input field
- Gaussian profile le

objective lens
for=14mm
NA=0.25

spherical lens

wavelength 632.8nm
beam diameter 1mm

perfect collimation

fe_ﬁ=450mm E=} 14: Wavefront Error (RMS) vs. Distance in Between (minimum wavefront
- diameter 25mm Numerical Data Array .
Dogen | Tate | Vaie ot x Comirae error) at the distance
=~ rZ—1 around 448.2mm
wavefront 52 ]
evaluation 2 i
5 H
,’? g 1 1 \
. . - = ! \
varying distance , - S
N T T Y T T
“1 444 446 449' 450 452 “
7 Distance ip’Between [mm] \\
_ ‘ i i . \ :
B=: 16: 444mm , B, 15: 442.2mm /’E E= 17: 452mm " [o][E s
Numerical Data Array ¢ Numerical Data Array? Numerica\Data Array
Diagram  Table Lf Diagram  Table V: Diagram  Table \V

¥ [mm]

Wavefront Error [A]

1.2

=43

Wavefront Error [A]

1.2
un
0
r
' 1.3
-0 5 0 5 10

X [mm]

10

¥ [mm]
0

10

Wavefront Error [A]

10

y [mm]
0

-10

X [mm]

1.2

=13
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Shear Interference Fringe

(l:1%4ﬂmmm

=l

Fringes are orthogonal to the
shearing direction for perfectly
collimated input beam.

Chromatic Fields Set

10

Y [mm]
0

2 \
v \
i
T
20 15 -10 -5 0 5 10 15 sheaﬁng
X [mm] direction

spherical lens

objective lens
input
field

L 448.2mm

shear plate

wavefront error behind spherical lens

E:'l 14: Wavefront Error (RMS) vs. Distance in Between E]
Numerical Data Array
Diagram Table Value at x-Coordinate
ow
=
=
v o |
S o
&
£ =
e o
T
: S
=
444 446 448 450 452
Distance in Between [mm]
B= 15: 448.2mm =N R~
Numerical Data Array
Diagram  Table

y [mm]

Wavefront Error [A]

1.2

-1.3

X [mm]
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Shear Interference Fringe

B 18: 444mm
Chromatic Fields Set

(=[5 sl

10

Y [mm]
0

-20 =15 -10 =5 0

Fringes start to rotate, if the
Input beam is not collimated.

spherical lens

objective lens

ped S
field —

444 mm

-
\N\\\
\
\
\
\
)
\
T
5 10 15 s_hear_ing
direction
shear plate

wavefront error behind spherical lens

=)

Eﬂ 14: Wavefront Error (RMS) vs. Distance in Between
Numerical Data Array

Diagram Table Value at x-Coordinate

444 446 443 450 452

Distance in Between [mm]

Wavefront Error [A]
04 06 08

0.2

E=} 16: 444mm

[o]@ |a=

Numerical Data Array

Diagram  Table

Wavefront Error [A]

12
=)
wn

0
wn
=]
‘ -1.3

10 -5 0 5 10

X [mm]

¥ [mm]
0
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Shear Interference Fringe

f
B 20: 452mm
Chromatic Fields Set

[o[& ]

10

Y [mm]
0

-20 =15 -10 =5 0

Fringes start to rotate, if the
Input beam is not collimated.

spherical lens

objective lens
el e
field -~

L 452mm

-
\N\\\
\
\
\
\
)
\
T
5 10 15 s_hear_ing
direction
shear plate

wavefront error behind spherical lens

Eﬂ 14: Wavefront Error (RMS) vs. Distance in Between = |- @
Numerical Data Array

Diagram Table Value at x-Coordinate

o
2
=
- O
§ S
& i]
E"’C_
8C)
T
s 3
=
444 446 4438 450 452

Distance in Between [mm]

" ~

B, 17: 452mm o o)

Numerical Data Array

Diagram  Table

Wavefront Error [A]

1.2
o
n
0
n
o
=13
-10 -5 0 5 10

X [mm]

y [mm]
0
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Peek into VirtualLab Fusion

=

conven I e nt d efl n Itl on Of I ens SySte ms 12 16: C:\Users\...\Collimation Testing_02_Collimation Lenses Setup_Scanning Distance.run ’?]@ 5] )

Edit Optical Interface Sequence Results

Start the parameter run and analyze its results

Geomety b Go! parameter
I \ Use Already Calculated Results for Next Run swee p

Iteration Step
Position / Index | Distance | Position | Type Homogeneous Medium -
Orienation 1 Omm Omm Conical Interface  SK14_SCHOTT in Home il il £ ool Gup * <
2 1.9586 mm mr Conical Interface Air (Zemax) in Homogen E \/aried Parameters Distance Before (Spherical .. | Data Array 452 mm 4522 mm 452 4
3 4816pm 2 nr Conical Interface LAKN7_SCHOTT in Hon ¢ Wavefront Error #600 after | Data Arrays Animation v ||/ Gridless Data Array  Gridless Data Array  Gridless Data 2
4 29848 m-E A e Cminnt st e Grhariezl Lens #2 (T) (Field =
Structure / 5 46547 uf 3D View Objective Lens = o % nd Generation) RMS [A] of Wavefront Error | Data Array 0.77464 0.81632 0.8
Function - .
6 18258 l@lqo:: _
—m— 56168 9 452mm [ ES)
] ff 8 1477 my Chromatic Fields Set
Propagation =334
Channels 10 1.316 mi Data for Wavelength of 632.8 nm [1E-5 (V/m)~2]
1.5
<
Plane Conl E 0.75
=
interference fringes 5

systems in 3D - e R
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Workflow Iin VirtualLab Fusion

) SEt up InPUt GaUSSIan fleld Edit Optical Interface Sequence
— Basic Source Models [Tutorial Video] ke

« Import lens systems from Zemax OpticStudio®
— Import Optical Systems from Zemax [Use Case]

« Set the position and orientation of components @,
— LPD II: Position and Orientation [Tutorial Video]

e Set the non-sequential channels of components —flj‘i:,n

— Channel Configuration for Surfaces and Grating
Regions [Use Case]

« Check influence from selected parameters with Parameter Run
— Usage of the Parameter Run Document [Use Case]

@ |
HHH
O wjm|+
0olo

€)
Interface #2 (Plane Interface)

42 LightTrans International


https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.lighttrans.com/index.php?id=1305
https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/index.php?id=1318
https://www.lighttrans.com/index.php?id=1596

VirtualLab Fusion Technologies

nonlinear free _
crystals & components SPace prisms,
anisotropic plates,
components

waveguides
& fibers ~
scatterer - ‘
diffusers '( ‘ gratings
diffractive diffractive,

@ cubes, ...
@ lenses &

: freeforms

apertures &
boundaries

Field
Solver

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eaform DOE
components arrays
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@HTTRANS N

Laser-Based Michelson Interferometer and
Interference Fringe Exploration



Abstract

Michelson interferometer is a typical
configuration for optical interferometry.
Different configurations in the setup may
lead to different interference fringes, and
therefore it is worth of investigating the
relation between them. With the help of
non-sequential tracing technology in
VirtualLab Fusion, it is easy to set up and
to configure a Michelson interferometer,
and to visualize the interference fringe in
different situations. In this example,
several typical situations and the
corresponding fringes are demonstrated.

45
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Modeling Task

detector ’7

How does the interference fringe
NEICEICN change with respect to the shift and
Ll tilt of the movable mirror?

movable
mirror

beam SIS
. 1S
splitter RS
1 B bl ittt 1
monomode laser ] i tilt tilt ]
wavelength: 635nm ] [ 0.05e ,)l 0.05 !
half-angle divergence: 2° ] i ’)l /{\ /4\ ]
\ 1 :.:.' 1
‘\‘ i i
v i
v i
Vo i
\ : i
\ «> «—> i
“ : 1mm Tmm :
\io shift shift i

fixed mirror
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Result with Equivalent Optical Path

deteCtOI’ n T7: Equivalent Optical Paths @
Chromatic Fields Set
movable =
. £ o
g beam mirror =
monomode splitter '
laser &
______________________ 3 2 1 0 1 2 3
X [mm]

20mm

Coherent superposition of two fields reflected
from planar mirrors at equivalent-path
positions gives no interference fringes.

-
1
1

fixed mirror
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Result with Shifted Movable Mirror

detector I 2 Movable Mirror Shifted by 1mm o[ B
Chromatic Fields Set
movable =
. £ ©
g beam mirror =
monomode splitter P |
laser H ~
P :
HAlL
HEL o0
H
HAL
|
«— |
1mm : 3 2 1 0 1 2 3
X [mm]

Shift of the movable mirror introduces
defocus, and therefore ring fringes are
observed at the detector plane.

fixed mirror

48 LightTrans International



Result with Tilted Movable Mirror

detector

movable
mirror

beam

monomode splitter

laser

20mm

fixed mirror

I 9: Movable Mirror Tilted by 0.05 Degree E] (=] @

Chromatic Fields Set

Y [mm]

Tilt of the movable mirror leads to
parallel striped interference fringes are

seen at the detector plane.
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Result with Shifted and Tilted Movable Mirror

detector I 10: Movable Mirror with Both Shift and Tilt | = || = |[m)
Chromatic Fields Set
movable ~
mirror
"""""""" 1 =
| E°
q beam ! =
. 1 —
monomoae splltter : .
laser ! o
I
1 m
1 )
1
1
— I
o tmm ! SN PR B R
X [mm]

Combination of both shift and tilt of the
movable mirror gives rise to shifted ring
pattern in the interference fringes.

fixed mirror
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Peek into VirtualLab Fusion

flexible channel control for
non-sequential tracing

Edit |deal Beam Splitter

Interface e
Interface #1 (ldeal Beam Splitter)
Geometry |
Channels
Pasition /
Orientation
e
Function

u 9: Movable Mirror Tilted by 0.05 Degree
Chromatic Fields Set

Y [mm]
0

Edit Ideal Plane Mirror

Geometry /
Channels

Position /
Orientation

£

=S

Function

——
=
=9

Propagation
Channels

Basal Postioning  Isolated Positioning  Position Information (Absolute)

Postion and Orientation

Use Isclated Translation Use Isclated Orientation

Order of Steps 1: Translation -> 2: Orientation w
Translation P Orierttation P
Center Point of Rotations
Ref Paint to be
S on Cantor Po Center of Mimor Flane w

Used as Center Point

Isolated Orientation Angles

Orientation Definition Type | Sequence of Axis Rotations  ~ ()

Direction Definition

Angle | Axis Walue $

(i}
O |
1

Y-Axis Rotation 0.05

convenient
positioning
& orientation
settings
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Workflow Iin VirtualLab Fusion

 Set up input Gaussian field s
— Basic Source Models [Tutorial Video] ?@ oooooo %
» Set the position and orientation of components B o e
— LPD lI: Position and Orientation [Tutorial Video] % g —
« Set the non-sequential channels of components = mmmmm @
— Channel Configuration for Surfaces and Grating Regions | &= ™ e - *
[Use Case] :
.

Use Parameter Run to check influence/changes
— Usage of the Parameter Run Document [Use Case]

52 LightTrans International



https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/index.php?id=1318
https://www.lighttrans.com/index.php?id=1596

VirtualLab Fusion Technologies

nonlinear free _
crystals & components SPace prisms,
anisotropic plates,
components cubes, ...

waveguides
& fibers ~
_ apertures &
scatterer Field boundaries
Solver

diffractive l l
beam Fresnel, meta

micro lens & HOE, CGH,

diffusers

splitters SLM &

adaptive

components

@

lenses &
freeforms

gratings

diffractive,
lenses

freeform DOE
arrays

# Iidealized component

53

LightTrans International



@HTTRANS N

White-Light Michelson Interferometer



Abstract

White-light interferometry is a non-
contacting technique for precise
measurement of e.g. surface profiles and
extremely small movements. With a
Michelson interferometer setup, and a
Xenon lamp source, the white-light
Interferometry is demonstrated In
VirtualLab Fusion. With the spectral
property, i.e. limited coherence length, of
the source taken into account, it is shown
that interference pattern only appears
when the path lengths of both arms are
almost the same.
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Modeling Task

detector

f?

interference

achromat fringe
Edmund optics
No. 49-664

How to calculate the interference
fringes with consideration of the finite
coherence length of the source and the

Xenon lamp :
mirror movement?

- black body spectrum
- 6200K temperature H

movable mirror

(slightly tilted)

1.0

0.9

0.8

380nm 750nm

fixed mirror
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Change in Interference Fringes

I3 27: Shift 0 ym =N =R < I3 28: Shift 1 ym =N =R < I3 29: Shift 2 ym =N =R <
Chromatic Fields Set Chromatic Fields Set Chromatic Fields Set
no shift 1pm shift 2pum shift
o
wn
£ £ £
£ E E o
; > >
"
detector mrmrm——
o
0 5 0 5 10 0 5 0 5 10 0 5 0 5 10
X [mm] X [mm] X [mm]

« When the movable mirror moves from Oum to 2um,
enon ‘ the contrast of interference pattern decreases, due to

lamp . :
limited coherence length of the light source.

shift

fixed Mirror ee————
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Peek into VirtualLab Fusion

customizable power spectrum

for source modeling

Generate Spherical Wave

Basic Parameters

Power Spectrum Type

Spectral Values

Index | Wavelength
1 380 nm
2 389.25 nm
3 3985 nm
4 407 75 nm
5 417 nm
6 426.25 nm
I 4355nm
8 444 75 nm
3 454 nn

10 463.25 nm
11 4725 nm

*
Polarization Mode Selection Sampling Ray Selection
Spectral Parameters Spatial Parameters
List of Wavelengths e
Electric Field Strength ~
(Amplitude) (Phase)
0 rad
957 78 m\Vim 0 rad
968.05 m\Vim 0 rad
97671 m\Vim 0 rad
983.84 mVim 0 rad
929 54 m\Vim 0 rad
993.92 m\Vim 0 rad
97 07 m\Vim 0 rad
999.06 m\V/m O rad
1Vim 0 rad
999.96 m\Vim 0 rad

Add Datapoint

PLL LA b WY

real-color visualization of results

p .
I3 28: Shift 1 um =N Ech

Chromatic Fields Set

Y [mm]
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Workflow Iin VirtualLab Fusion

e Set up input field
— Basic Source Models [Tutorial Video] PIPWMI e e s )
+ Define position and orientation of components e
— LPD llI: Position and Orientation [Tutorial Video] e e .

[ ]
=]

. . (Amplitude) (Phase)
Set channels properly for non-sequential tracing | e

3 3985 nm| 968.05 mVim

— Channel Setting for Non-Sequential Tracing [Use Case] 5 erren| sEagemvim

6 42625 nm|  983.54 mVim

4355nm|  993.92 m\Vim

oo oo oo
= = = = = = =

o oo oo ool oo oo
i L G L oLl G O o

« Use Parameter Run to check influence/changes | i i
- Usage of the Parameter Run Document [Use Case] i asen| wsenvm| o[
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VirtualLab Fusion Technologies

nonlinear free

crystals & components SPace

anisotropic
components

waveguides
& fibers ~
scatterer -

prisms,
plates,

@ cubes, ...
e lenses &

freeforms

apertures &
boundaries

Field

Solver

diffusers '( ‘ gratings
diffractive diffractive,

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eaform DOE
components arrays

# Iidealized component
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@HTTRANS N

Coherence Measurement Using Michelson
Interferometer and Fourier Transform Spectroscopy



Abstract

It is known that in an interferometer the
fringe contrast may depend on the
coherent property of light sources. For
example, in a Michelson interferometer
with a source of certain bandwidth, the
Interference fringe contrast varies with
different the optical path difference. By
measuring the interferogram contrast at
different positions of the movable mirror,
the coherence length of the source can
be concluded. Typical Fourier-transform
spectroscopy is usually based on such
type of optical setup.
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Modeling Task

detector

change of the lateral interference
fringes for different d values

movable
mirror

fundamental Gaussian
(central wavelength 635nm)
a) bandwidth 50nm 20mm

b) bandwidth 100nm

shift | |
distance d

point-wise measurement
with respect to d values

20mm

fixed mirror
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Lateral Interference Fringes — 50nm Bandwidth

B 12: Shift Distance d = 0 =) [E- ) B~ 20: Shift Distance d = Tum =) E- ) B, 22: Shift Distance d = 2um [o ] & =)
Numerical Datz Array Numerical Datz Array Numerical Data Array
Diagram Table Value at (xy) Diagram Table Value at (xy) Diagram Table Value at {xy)
Irradiance [pW/m*2] Irradiance [pW/m*2] Irradiance [pW/m*2]
0.054 0.039 0.028
- -
E E
s 0.027 ERO 0.0195 0.014
> >
o~ o~
- -
0 0 0
- 2 0 2 - 2 0 2 -
X [mm] X “ X [mm]

fundamental Gaussian

(central wavelength 635nm)

a) bandwidth 50nm

shift
distance d
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Lateral Interference Fringes — 100nm Bandwidth

E=; 2: Shift Distance d=0 , =N =R === E=. 6: Shift Distance d=Tym » =N = B, 7: Shift Distance d=2ym , =N =R ===
lrrac;iance [PW/mA2] Nrrac;xance [pW/m~2] lrrac;iance [pW/m~2]
g = 0.0275 g 0.0218 0.0138
: 7 X[rim] 2 ) ) 7 X[r:m] ’ : ’ 7 X[rim] ) )
|\ J
Broader spectral bandwidth leads to
shorter coherent length; and therefore
the interference fringe starts to vanish
_ 5_- sooner in comparison to the case with
fundamental Gaussian narrower bandwidth.
(central wavelength 635nm) -
b) bandwidth: 100nm shift
distance d
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Pointwise Measurement

detector

movable
mirror

fundamental Gaussian
(central wavelength 635nm)

a) bandwidth 50nm
b) bandwidth 100nm

shift
distance d

20mm 20mm

20mm

fixed mirror

B 13: 50nm Bandwidth

(o] 2 )

Mumerical Data Array

Diagram  Table Value at x-Coordinate

Value #1: Radiometry Det... [uW/m* 2]

—

” 50nm bandwidth

0.04

0.02

T T T T T T T T T T T
T -2 il -1 0.5 (1] 0.5 1 1= 2 2.5

B} 14: 100nm Bandwidth
Mumerical Data Array

Diagram  Table Value at x-Coordinate

n 100nm bandwidth

0.04

0.02

Value #1: Radiometry Det... [uW/m* 2]

T T T T T T T T T T T
T -2 il -1 0.5 (1] 0.5 1 1= 2 2.5
Translation Delta Z (Movable Mirror #2 | Isolated Positioning) [pm]
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Peek into VirtualLab Fusion

Edit Gaussian Wave
Polarization Mode Selection Sampling Ray Selection
Basic Parameters Spectral Parameters Spatial Parameters
Power Spectrum Type List of Wavelengths ~
Spectral Values
Index | Wavelength Electric Field Strength ~
(Amplitude) (Phase)
1 527 .87 nm 0 rad
2 53885 nm| 177.26 mVim 0 rad
3 BB124nm| 27867 mVim O rad
4 56253 nm| 403.36 mVim O rad
5 57462 nm 5422 m\im O rad
6 B86.31 nm| 682.05 mWim O rad
7 538 nm 808.6 mVim 0 rad
8 603.68 nm| 908.28 mVim 0 rad
3 621.37 nm|  973.97 mVim 0 rad
10 633.06 nm 1Wim 0 rad
11 64475 nm|  988.06 m\Vim 0rad v
Add Datapoint
Load From File Load From Diagram

customizable
source spectrum

-

E=, 6: Shift Distance d=1um =N EoR "™
Numerical Data Array

Diagram Table = Value at (x.y)

Irradiance [pW/m*2]

0.0436
0.0218
o~
0
-4 -2 0 2 4

X [mm]

4

2

Y [mm]
0

4

detector with coherence
property taken into account
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Workflow Iin VirtualLab Fusion

Set up input Gaussian field
— Basic Source Models [Video Tutorial]

Set the position and orientation of components
— LPD II: Position and Orientation [Video Tutorial]

Set the non-sequential channels of components
— Channel Setting for Non-Seqguential Tracing [Use Case]

Use Parameter Run to check influence/changes
— Usage of the Parameter Run Document [Use Case]

Edit Ideal Beam Splitter

...................

;@ &G0 O
, Interface #1 (Ideal Beam Splitter) OO

Orientation
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VirtualLab Fusion Technologies

nonlinear free '
crystals & components SPace prisms,
anisotropic plates,
components cubes, ...

waveguides
& fibers ~
_ apertures &
scatterer Field boundaries
Solver

diffractive l l
beam Fresnel, meta

micro lens & HOE, CGH,

diffusers

splitters SLM &

adaptive

components

@

lenses &
freeforms

gratings

diffractive,
lenses

freeform DOE
arrays

# Iidealized component
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@HTTRANS N

Full-Field Optical Coherence Scanning Interferometry



Abstract

Scanning interferometry is the technique
for performing surface height
measurement. By exploiting the low
coherence of white light source,
Interference pattern appears only when
the path length difference is within the
coherent length. Therefore, it enables
precise microscopic measurement.
Together with a Xenon lamp, a Michelson
Interferometer is built up and used to
measure a specimen with smoothly
varying front surface.
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Modeling Task

detector 4 '

m How to calculate the

_ interference pattern and even
interference to derive the height profile of

achromat

Edmund optics fringe the specimen under test?
No. 49-664

beam
splitter
Xenon lamp
- black body spectrum _
- 6200K temperature height contour

“—>

specimen
(movable)

pemm

power spectrum

1.0

0.9

0.8

380nm 750nm fixed mirror

| - | 6pm

25um
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Simulated Interference Fringes

1 um shift of specimen 2um shift of specimen

no shift of specimen
I3 77:shift by 1um =] B3 76: shift by 2um =]
Chromatic Fields Set Chromatic Fields Set Chromatic Fields Set
Summed Data [(V/m)*2] Summed Data [(V/m)~2] Summed Data [(V/m)*2]

24 ~ A 21

12 E E 10,5
> >

detector 0 v v 0
4
4
/
,, < >
7

heightI contour

Xenon
lamp

specimen

(movable) Contour lines of interference fringes

corresponds to the height contour of the
specimen under measurement.

6 um

25um

fixed mirror

LightTrans International
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Peek into VirtualLab Fusion

customizable surface definition via import

Edit Sampled Interface it
Structure  Height Discontinuties  Scaling  Coating  Periodization
Sampled Height Profile

| Load.
Heig

|"E Import... k!'

iz |28 Select frem Documents... i V|
Definttion Area
Size and Shape
Shape (O Rectangular (® Elliptic
Size | 30.255 mm | x | 30.357 mm

Effect on Field Outside of Defintion Area
() Field Passes Plane Interface
(® Field is Absorbed

Position of Sumounding Absorbing Plane

Specification Mode i |
| Boundary Minimum w |
z-Position -5.16 ym

0  z-Position

0

6um

0 o e[

25um
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Workflow Iin VirtualLab Fusion

e Set up input field
— Basic Source Models [Tutorial Video]
« Customize surface profile using imported data

» Define position and orientation of components
— LPD II: Position and Orientation [Tutorial Video]

« Set channels properly for non-sequential tracing
— Channel Configuration for Surfaces and Grating Regions

[Use Case]

« Use Parameter Run to check influence/changes
— Usage of the Parameter Run Document [Use Case]

Edit Sampled Interface *

Structure  Height Discortinuities  Scaling Coating  Periodization
Sampled Height Profile

I Set | Show

5 Load..

Heig

|",§ Import...

Intes
2] Select from Documents..,
e T e

Trom

Defintion Area
Size and Shape
Shape (O Rectangular (®) Elliptic
Size | 30.255mm| x| 30.357 mm

Hffect on Field Outside of Definttion Area
() Field Passes Plane Interface
(@ Field is Absorbed

Position of Sumounding Absorbing Plane

Specification Mode i |
Boundary Minimum w
z-Position -5.16 um

6 N -
G | | Todls i§« Validity: @ oK Cancel Help
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VirtualLab Fusion Technologies

nonlinear free

crystals & components SPace

anisotropic
components

waveguides
& fibers ~
scatterer -

prisms,
plates,

@ cubes, ...
e lenses &

freeforms

apertures &
boundaries

Field

Solver

diffusers '( ‘ gratings
diffractive diffractive,

beam Fresnel, meta
splitters lenses
SLM&  micro lens & HOE, CGH,
adaptive ¢ eeform DOE
components arrays

# Iidealized component
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@HTTRANS N

Mach-Zehnder Interferometer



Abstract

Interferometry is an important technology
for optical metrology. It is widely used for
the measurements of e.g. surface profile,
defects, mechanical and thermal
distortion with high precision. As a typical
example, a Mach-Zehnder interferometer
with coherent laser source is build up Iin
VirtualLab Fusion, with the help of non-
sequential field tracing. It is demonstrated
that how the tilt and shift of an optical
elements may affect the interference
fringe pattern.

78 LightTrans International



Modeling Task

reference path
4 \

3x beam expander
/ \ beam splitter

g

He-Ne laser
fundamental Gaussian
wavelength 632.8nm

beam splitter

\ J
test path
(test object may tilt and/or shift)

How to calculate
interference fringe with the
possible shift and tilt of
components considered?

?
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Interference Fringe Due to Component Tilt

L

4

B 7: Tilt by 0°
Chromatic Fields Set

Y [mm]
0 0.5

05

Concentric ring
pattern is seen for the
well aligned system.

3 8: Tilt by 3°

=)

Chromatic Fields Set

Y [mm]

X [mm]

.
K o: it by 5°

Chromatic Fields Set

Y [mm]

X [mm]

3 10: Tilt by 10°

Y [mm]

Due to the tilt of the
lens, the center of the
rings starts to shift.

X [mm]
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Interference Fringe Due to Component Shift

shift e,
3 With large shift distance, only

| the part of the lens contribute to
the interference and the fringes
tend to become linear. \

N

4
- \
I3 11: X-Shift by 0 =R =R I3 12: X-Shift by 300um =N =R~ I3 13: X-Shift by 500um E=REcR" 3 14: X-Shift by 1 (o2 =]
Chromatic Fields Set Chromatic Fields Set Chromatic Fields Set Ids Set
0
o
B B E B
E E E E®°
> > > >
n
o

-0.5 0 0.5
X [mm]

X [mm]

X [mm] X [mm]
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Peek into VirtualLab Fusion

flexible position and orientation settings

Edit Spherical Lens

#

Geometry /
Channels

b

Position /
Orientation

0o

Structure /
Function

Basal Posttioning  Isolated Posttioning  Position Information (Absolute)
Position and Orientation
Use Isolated Translation Use Isolated Orientation

Order of Steps 1: Translation -> 2: Orientation

Translation Parameters  Orientation Parameters

Translation Directions
Axes Selection Axes of the Intemal Coordinate System

Translation Values
DetaX

Delta Y 0mm

Delta Z 0mm

X

non-sequential ray tracing analysis

3 14: X-Shift by 1000um o |[-E- | [em]
Chromatic Fields Set

Y [mm]

-0.5 0 0.5

direct observation of
interference fringes
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Workflow Iin VirtualLab Fusion

« Set up input Gaussian field
— Basic Source Models [Tutorial Video]

Edit Spherical Lens

 Set the position and orientation of components ?% DT oot i
— LPD llI: Position and Orientation [Tutorial Video] o S m: o

« Configure the surface channels of components o | e
— Channel Configuration for Surfaces and S T

Grating Reqions [Use Case]
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VirtualLab Fusion Technologies

nonlinear free '
crystals & components SPace prisms,
anisotropic plates,
cubes, ...

@ lenses &
e @ freeforms

components @
apertures &

waveguides
& fibers ~
scatterer - ‘ boundaries
Solver
diffusers ( \ gratings
diffractive diffractive,

Field

beam Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eaform DOE
components arrays

# Iidealized component
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@HTTRANS N

Observation of Gouy Phase Shift in a Mach-Zehnder
Interferometer



Abstract

Convergent beams travelling through their
focus from minus infinity to plus infinity not
only experience the accumulation of the
phase corresponding to the traversed optical
path length, but also accrue a constant
phase term, known as the Gouy phase shift,
discovered by the scientist of the same name
at the end of the nineteenth century. When
such a beam interferes with a collimated one,
the Gouy phase shift is revealed when the
Interference patterns generated on both sides
of the focus are compared: the ring patterns
are negatives of each other. This can be
observed in a Mach-Zehnder.
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Modeling Task

9‘ 1Tmm |€ |% 9.5mm >|l 9.5mm ——

beam splitter beam combiner

Gaussian beam
waist radius 1mm
wavelength 680nm
| tmm |- Interference Interference
(in front of focus) (behind focus)
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Interference Pattern

|<— 9 5mm 95mm ——

beam combiner

By observing the center of the
fringes, the change from
constructive to destructive
interference implies a © —shift in the
phase of the spherical wave.

A4

02

[ constructive

destructive
interference

interference

X [mm] X [mm]
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Peek into VirtualLab Fusion

I 18: Screen (behind focus) #601 after Beam com...|-=-|| &
Chromatic Fields Set

ray tracing through Mach-Zehnder interferometer

Y [mm])

0.1 0.2

u 17: Screen (in front of focus) 2600 after Beamc... | — | [=) 02 01 0

behind focus

Chromatic Fields Set

visualization of
- interference fringes at
Edit Ideal Beam Splitter ;E- Selected planes
Interface ++ +/- -- -+
Interface #1 (Beam splitter (ideal)) O O
Geometry /
Channels
E 02 -0 0 0.1 0.2
J . X [mm]
; in front of focus

LightTrans International
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Workflow Iin VirtualLab Fusion

- - Definition of Basal Position and Orientation "
« Set up input field
I I Definition Type Relative Definition i
. . . Measurement from Beam splitter (jdeal) #1; CS of Channel "1 |
- BaSIC Source MOdeIS [Tutorlal VIdeO] ..to Input Channel Coordinate System i
. Translation Parameters ~ Orientation Parameters
« Construct real components using surfaces
Ref Paint to be
Us:drilcgerﬁglr Pc:)im Reference Point of Input Channel w
Orientation Angles
Orientation Definition Type | Cartesian Angles ~ ()
[ J

Z-Puis Direction Definition

Define position and orientation of components o
- LPD ll: Position and Orientation [Tutorial Video] i q'““"“ B I —

Set channels properly for non-sequential tracing
— Channel Setting for Non-Seqguential Tracing [Use Case]

L Rotation About Z-fuxis
Z-Axis Rotation Angle 0"
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VirtualLab Fusion Technologies

beam combiner

e 9.5mm

9.5mm

nonlinear free
crystals & components SPace

anisotropic
components

waveguides
& fibers ~
_ apertures &
scatterer Field boundaries
Solver

diffusers ( \
diffractive

micro lens & HOE, CGH,

beam

splitters SLM &

adaptive

components

@
9@

prisms,
plates,
cubes, ...

lenses &

@ freeforms

gratings

diffractive,
Fresnel, meta
lenses

freeform DOE

arrays

# Iidealized component
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@HTTRANS N

Generation of Spatially Varying Polarization by
Interference with Polarized Light



Abstract

Interferometry is an important technique
for optical metrology. As an example, a
Mach-Zehnder interferometer with
coherent laser source is build up in
VirtualLab Fusion. Particularly in this
example, two polarizers are inserted to
control the polarization states of the two
Interfering beams. By rotating one
polarizer, the changes in the interference
pattern is visualized, and as a resullt,
spatially varying polarization is generated.
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Modeling Task

3x beam expander
4 \

beam splitter

He-Ne laser
fundamental Gaussian
wavelength 632.8nm
circularly polarized

polarizer
(fixed)

polarizer
(rotatable)

How does the interference

pattern change with respect

to the polarization states of
the two arms?

beam combiner
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Interference Pattern Changes with Polarizer Rotation

polarizer
(fixed)

N

polarizer
(rotatable)

\

Interference fringes start to
disappear, when polarizer
rotates from parallel to
orthogonal orientation.

- -y
3 24: 0 Degree Rotation =n o

Chromatic Fields Set

polarizer rotation by 0°

0.05

025 05

Y [mm]
0

(=]

I3 26: 75 Degree Rotation =N EcR |

Chromatic Fields Set

polarizer rotation by 75°

0.05

025 05

Y [mm)]
0

0.025

-05 -0.25

05 -025 0 025 05

X [mm]

EZS: 45 Degree Rotation (=)
Chromatic Fields Set
. . ®
polarizer rotation by 45
0.05
0
=
a
2
£
E © 0.025
>
L'f:.
o L
3 27: 90 Degree Rotation [=x [ |

Chromatic Fields Set

polarizer rotation by 90°

0.05

wn

=}

0

g
E .
E o 0.025
>

wn

o~

<

wn

S

05 025 0 025 05
X [mm]

95

LightTrans International




Interference Pattern Changes with Polarizer Rotation

I3 24: 0 Degree Rotation [E=R[ECR == , : =
Chromatic Fields Set // B2 0 Benctenteom gr::.:.e::::;a S
polarizer rotati y 0° .
. 5 3
polarizer = o8 5
(fixed) © Ss
g 2
o E rg\
E E
E © 0.025 A =
> o
K"E
= T T T T T T T T T
—a 08 06 04 02 0 02 04 06 08
n 26: 75 Degree Rotation o E Coordinate [mm]
po I a.ri zer Chromatic Fields Set
(rotatable) polarizer rotation by 75°
I3 25: 1D Extraction from 75 Degree Rotation =N EoR (<=
¢ 0.05 Chromatic Fields Set
Lé’;:
&
o
Fringe contrast|| & 0025
>

changes with
polarizer rotation.

summed Data [(V/m)*2]
0005 001 0015 002 0025

-05 -025 0O

05 025 0 025 05

T T T T T T T T T
-08 -06 -04 -02 0 02 04 06 08

X [mm)] \ Coordinate [mm]
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Interference Pattern

polarizer
(along x)

N

polarizer
(along x)

N

polarizer
(along y)

\

3 24: 0 Degree Rotation o

Chromatic Fields Set

Y [mm]

parallel polarizers

025 05

0

05 -0.25

|
\

025 05

Y [mm]
0

0

X [mm]

-05 -0.25

025 05

Interference
information is encoded
in polarization state.

97

LightTrans International



Peek into VirtualLab Fusion

Edit Polarizer

Basic P ‘ Physical P,

Parameters

Geometry / Paolarization Angle Type |General

Channels

Jones Matrix

Jioe Jxy 0.066987 + 0i 075 +
Srientabon e dyy 025 + 0i 093301 +

e

Function

I

Propagation

Channels

setting of polarization angle

F [| Hermitian Matrix ] Unitary Matrix

~ | I 43: Polarization State Visualization e[ [
‘ Light View Data View
~
E
= 0.03
w
u
-]
[Fal
=+
0.015
E
=2
™
o
i 0
-418.05 pm 411.23 pm ”
£ >
Locally P Summed Squared Amplitudes  Zoom: 0.71539 (512:512)

non-sequential ray tracing analysis

visualization of polarization state
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Workflow Iin VirtualLab Fusion

« Set up input Gaussian field
— Basic Source Models [Tutorial Video]

« Set the position and orientation of components
— LPD II: Position and Orientation [Tutorial Video]

« Configure the surface channels of components

— Channel Configuration for Surfaces and AL
Grating Regions [Use Case]

Interface +/+ +- 5 I+

Interface #1 (Ideal Beam Splitter) | []

Orientation
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https://www.youtube.com/watch?v=w__CY5jIyoA
https://www.lighttrans.com/use-cases/feature-use-cases/channel-setting-for-non-sequential-tracing.html

VirtualLab Fusion Technologies
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Links of Interest

« LightTrans International website: www.lighttrans.com/

« VirtualLab Fusion product information: www.lighttrans.com/products-
services/virtuallab-fusion.html

*  Subscribe to our newsletters: www.lighttrans.com/newsletter.html

WYROWSKI

VirtualLabrusion

FAST PHYSICAL OPTICS SOFTWARE

 Connect with us on LinkedIn: www.linkedin.com/company/lighttrans/

* Follow us on Twitter: twitter.com/LightTrans

* Request your trial version: www.lighttrans.com/resources/trial-software.html

*  Qur distributors around the world: www.lighttrans.com/company/distributors.htmi

« Email us your questions: info@lighttrans.com
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List of Use Cases

1. Modeling of Etalon with Planar or Curved Surfaces: www.lighttrans.com/use-
cases/application-use-cases/modeling-of-etalon-with-planar-or-curved-surfaces.html

2. Examination of Sodium D Lines with Fabry-Pérot Etalon: www.lighttrans.com/use-
cases/application-use-cases/examination-of-sodium-d-lines-with-etalon.html

3. Fizeau Interferometer for Optical Testing: www.lighttrans.com/use-cases/application-

VirtualLabrusion use-cases/fizeau-interferometer-for-optical-testing.html

FAST PHYSICAL OPTICS SOFTWARE

4. Collimation Testing with Shearing Interferometry: www.lighttrans.com/use-
cases/application-use-cases/collimation-testing-with-shearing-interferometry.html

5. Laser-Based Michelson Interferometer: www.lighttrans.com/use-cases/application-
use-cases/laser-based-michelson-interferometer-and-interference-fringe-
exploration.html

6. White-Light Michelson Interferometer: www.lighttrans.com/use-cases/application-use-
cases/white-light-michelson-interferometer.htmi
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List of Use Cases

WYROWSKI

VirtualLabrusion

FAST PHYSICAL OPTICS SOFTWARE

10.

11.

Coherence Measurement Using Michelson Interferometer and Fourier Transform
Spectroscopy: www.lighttrans.com/use-cases/application-use-cases/coherence-
measurement-using-michelson-interferometer-and-fourier-transform-
spectroscopy.html

Full-Field Optical Coherence Scanning Interferometry: www.lighttrans.com/use-
cases/application-use-cases/full-field-optical-coherence-scanning-interferometry.htmi

Mach-Zehnder Interferometer: www.lighttrans.com/use-cases/application-use-
cases/mach-zehnder-interferometer.html

Observation of Gouy Phase Shift in a Mach-Zehnder Interferometer:
www.lighttrans.com/use-cases/application-use-cases/observation-of-gouy-phase-
shift-in-a-mach-zehnder-interferometer.html

Generation of Spatially Varying Polarization by Interference with Polarized Light:
www.lighttrans.com/use-cases/application-use-cases/generation-of-spatially-varying-
polarization-by-interference-with-polarized-light.html
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