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Abstract
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The advance of material processing
technologies leads to more and more
applications which utilize high-power laser
sources. This generates a significant
amount of heat in the individual
components in the optical system which
may introduce various optical effects such
as the thermal lensing effect which will shift
the focal length in a lens. In this use case,
we demonstrate the focus shift generated
by thermal lensing inside a focusing lens.
The thermal lensing effect itself is defined
by imported deformed surfaces and an
Inhomogeneous media which is calculated
according to imported temperature data.




Modeling Task

Gaussian wave

a) Reference system

b) System with thermal effects

1070 nm wavelength
6° divergence
100 W power

Ideal collimation lens

Lens

+ Convex-plane
* =10 mm (without deformation)
* Material: bk7

Deformed lens

Temperature distribution and surface
deformation have been calculated and
exported via Ansys Mechanical(*).

Simulation task:

Comparing the lens focus and
focal spot of the heated lens
with the unheated reference
system

(*) Ansys Inc, Ansys Mechanical
(R12021) [Software]. 2021.
https.//www.ansys.com/
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Building the System in VirtualLab Fusion



System Building Blocks - Source

Edit Gaussian Wave X
Polarization Mode Selection Sampling Ray Selection
Basic Parameters Spectral Parameters Spatial Parameters
[] Generate Cross Section Edit Gaussian Wave x
Hemite Gaussian Mode Polarization Mode Selection Sampling Ray Selection
Order 0] | Basic Parameters Spectral Parameters Spatial Parameters
M2 Parameter 1 Power Spectrum Type Single Wavelength v/
Reference Wavelength (Vacuum) 1.07 pm Values
- wen [ 1]
Select Achromatic Parameter:
(O Waist Radius (1/e72) 3.239640021 pm | x 3.23964
® I(-ﬁ;f;%;wgle Divergence I 5=] I
(O Rayleigh Length 30.82311586 pm 30.8231 Freview _
Astigmatism
Offset between y- and x-Flane
Copy from Celculator | Copytox-andy-Vakues The Gaussian source model allow for a definition of a spatial Gaussian.

The user can choose if the Gaussian shall be defined by its waist radius,
divergence or Rayleigh length.

Default Parameter [ Ok | Cancel

' Default Parameter [0k | Cancel Help




System Building Blocks - Components

Edit Ideal Lens

Basic P Physical P Samping
[] Paraxial Lens Function

Cgorinate || Focal Length 100mm
Lateral Offset [ 0mm| x [ 0mm
Wavelength Dependency

= (® Achromatic

Position /

osition Och
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An ideal lens component is used to collimate
the source. There are no thermal effects
applied to the collimation lens.

The heated lens is

represented by an
inhomogeneous media.

The temperature-dependent
refractive index is calculated
according to the imported
temperature data.

Edit Inhomogeneous Medium Component

Solver ' Sampling
Component Solver Runge-Kutta Beam Propagation Method (RK-BPM) 7 Edit
Coordinate
Systems The Runge-Kutta Beam Propagation Method (RK-BPM) solver works in the spatial
domain (x-domain), in a pointwise manner. Math tically, it solves,
simultaneously,
Position/ 1. one ordinary differential equation (ODE) for the light path, and
Orientation 2. another ODE for the field polarization vector.
] The solution of the ODEs is based on the standard Runge-Kutta (RK) fourth-order
) method. In comparison to the ray tracing for GRIN medium — that solves the light
path —we extend it to embrace the field quantities i. e. the complex amplitude and
Structure polarization. Learn more about this solver.
Solver
—m—
z=I
£=S
—l—
Channel
Configuration
}"l
r)
Fourier
Transforms r=(z,y,2)
| D validity: @ Cancel Help




System Building Blocks - Detectors

To determine the focal position, Beam Parameters
Detectors applies the second moment theory, whereas
the actual focal spot can be \visualized by
Electromagnetic Field Detector.

Edit Beam Parameters Detector X Edit Electromagnetic Field Detector X
Detector Window and Resolution  Detector Function Detector Window and Resolution  Detector Function
Vectorial Component Ex Component v [[] Evaluate Field in k-Domain
m Beam Parameters Fiekd Components
% g§an1e1er¢ [ Ex-Component [ Ey-Component [J] Ez-Component
iameter
[] Waist Diameter X [] Hx-Component [J Hy-Component [] Hz-Component
LS [[] Waist Diameter Y
osition [ Full Divergence Angle X
Orientation [ Full Divergence Angle Y Field Quantities

[ Waist Distance X ) _
[] Waist Distance Y O Amplitude Only (® Amplitude and Phase

[[] M*2-Parameter in x-Direction

[J M"2-Parameter in y-Direction \Wavefront Phase [ Extract [] Show Separately
[] Centroid X
[] Centroid Y
[] Rotation Angle of the Principal Axis LU

Interpolation Method Nearest Neighbor hd

Selection Tools Color Table B Vidnight Sun

[ Calculate Beam Parameters Relative to the Centroid

[] Calculate Beam Parameters Relative to the Principal Axes

[] Refine Sampling to Fully Sampled Spherical Phase

Values having less than of the maximum intensity are ignored.

e Cancel | | Help | Vel @ Concel | Help




Summary — Components ...
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... of Optical System

... In VirtualLab Fusion

Source Model/Component Solver

1. Source

Gaussian Wave

Spatial Gaussian Function

2. Collimation Lens

Ideal Lens

Wavefront Response

3. Lens with Thermal Lensing

Inhomogeneous Component

RK-BPM & Local Plane Interface
Approximation

4. Detector

Beam Parameter Detector

5. Detector

Camera Detector




Data Import

Edit Inhomogeneous Medium Component X
T4 LensSurfacel.csv ~ o) 1
File Ho_rrlnselDramPageForerataRevitViewHeIpTean' 4 Physcd&msm Edit Programmable Surface f 3D View: Lens
& A = % I Conditional Fo Center Thickness Structure  Height Discontinuiies  Scaling Coating  Periodization
. N - @Formatas Table¢ Coordinate Definition Area =
[hpliuard Finl Allglimsnt Nur:.ber I el Sty » Systems O Individual Definition A Agorithms
siles | | A ® Uniform Definition Are]  Snippet for Height Profile # Edit Validity: @
Al - fow v Shape ® Numerical Gradient Calculation AccuracyFacr | 1
Position /
A B C D E (4] Driult:t?m Diameter (O User-Defined Gradient Calculation
1] -
2 | 4157596 -1.58291 4.89209 } Parameters
3 4112341 -3.14939 4.96603 First Sufface — i
4 4065675 -4.69711 5.03011 - - L filename Surface 1_ThemalLensingSystem csv \
5 4018149 -6.25946 5.08256 o ScalingFactorX
6 39.66918 -7.81712 5.12928 - .
7 39553 -937402  5.1631 )‘"\ L Load 7 Edit ScalingFactorY
8 386426 -10.9313 5.18344 :
9 | 3812611 -12.4913 51911 Medum between Surfaces LR
10 | 37.57723 -14.0402 5.19222 Solver B et Mt
11| 36.99418 -15.5869 5.18645
12| 36.39969 -17.1063 5.17157 — =
i Hel
13| 35.78231 -18.624 5.14779 5 = Load 7 Edit © Help ‘
14 3516276 -20.1405 5.11128 oy | Numerical Data Array
15| 34.50575 -21.6501 5.06865 cmﬁc""'“"- Dalidions
16 33.84224 -23.1251 5.01769 = - ms Diag Table  Value at fxy)
17 | 33.13899 -24.5674 4.96429 = o Real Part of “Refractive Index”
18 32.4145 -25.9622 4.90766 hd ! Shape O Rectangular @ Elliptic
T4_LensSurface1 @ 4 » . 100 100 5
[ Display Settings B m - ¥ + . Fourier - I '"""J L | mm 1.5071... ;—m*
Effect on Field Outside of Defintion Area
(O Field Passes Plane Surface el Help
i Validity: @ @ Field s Absorbed — —
Position of Sumounding Absorbing Plane E T
The surfaces and temperature distribution is Seecifcaton ode Baunday Mo | I | >
H . H H 2-Position 6.126089289 mm
imported from point clouds using Spline- |
Interpolation. The change in the refractive index is —

calculated by n(T) = ny + Z_Z (T = Ty). et

Please save the import files in the same directory as the os-files or adjust the ,filename* parameter.

9 www.LightTrans.com



Simulation Results



Ray Tracing Result




Field Tracing Result - Focus Shift
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Field Tracing Result — Focal Spot
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VirtualLab Fusion Technologies

nonlinear free
crystals & components SPaC€  nrigmg,
anisotropic plates,
components @ cubes, ...

lenses &

e freeforms

waveguides
& fibers ~
_ apertures &
scatterer Field boundaries

Solver
diffusers ( \ gratings
diffractive diffractive,

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

# lidealized component
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