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Gaussian Beam Focused by a Thermal Lens



Abstract

beam waist

thermal lens

focal plane

Thermal lens effect describes the
Inhomogeneity of refractive index of medium,
which is induced by thermal gradient of a
high-power incident laser beam. For a
Gaussian beam with specified parameters,
the refractive index Is mathematically
represented as a function of temperature and
input power [W. Koechner, Appl. Opt. 9,
2548-2553 (1970)]. This use case shows the
variation of the focal length of the thermal
lens, as well as the focus beam diameter
when the input power changes. This example
IS published in [H. Zhong, J. Opt. Soc. Am. A
35].




Modeling Task

Thermal lens To 0.31cm
refractive index distribution K 11.1W/(cm°C)
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Fundamental Gaussian mode the variation of focal
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Wavelength 632.8nm
Polarization Linear in x-direction
Waist radius 760um

Input power P;, 8to 20 kW
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- When input power P;, increases, thermal
lens effect becomes stronger and the focal
length reduces. .
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- When NA of thermal lens increases, beam |
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diameter in focal plane reduces.




Peek into VirtualLab Fusion

Edit Programmable Medium (x-y-z-Modulated)

Basic Parameters  Scaling  Periodization

Customizable
graded-index

Index Modulation

Snippet defines
Definition

Base Material

Name |Vacuum Q d .

Catalog Material MIrARI=] e a
State of Matter Gas or Vacuum

() Index Modulation (®) Index Distribution

Validity: @
P BkW
0 Source Code Editor
Source Code  Global Parameters  Snippet Help  Advanced Settings
8 [ 1 = [double realPart = 8.8;
2|2 double imaginaryPart = @8.8;
£ ]l3
3 |la a|/s
—|s sxwssssxsxx TNSERT YOUR CODE HERE *®%xxxsswwsss
>
6 e
% 7 | | double ita = GE-2;
o8 double K = ©.111E2;
wile double L = 7.5E-2;
18 double dndT = 7.3E-6;
11 double n@ = 1.823;
12 double r = Math.Sqri(x = X + y * y):
13 double c1 = (-1.8) * ita * P / (4.8 * K * Math.PI *
14 realPart = n@ + c1 * (r * r / r@ / r@);
15 return new Complex(realPart, imaginaryPart);

Preview for Thermal Lens - m] *
Extension and Section Plane  View Parameters
View Range (x, v, z) | 1mm| | 1rr|rr|| | 1mm|
Section Plane @) x-y-Plane (0 z-x-Plane () z-y-Plane
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Diagram | Table a
Real Part of "Refractive Index"
1.8229...
1.8229...
1.8220..
0.4 -0.2 0 0.2 0.4
X [mm]
Close Help
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Detector Window and Resolution  Detector Function
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Beam Parameters

Diameter X

Diameter Y

‘waist Diameter X

Waist Diameter Y

Full Divergence Angle X

Full Divergence Angle Y
‘waist Distance X
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Centroid Y

Fotation Angle of the Principal Axis

OOO0OOORIOOO=ROd

Selection Tools

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 0.001 %| of the maximum intensity are ignored.

Detector for Gaussian beam
parameters




Workflow Iin VirtualLab Fusion

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

« Customize the graded-index medium

- How to Work with the Programmable Medium and Example
(Thermal Lens) [Use Case]

& 9: Parameter Run from “2: C:\Users\..\Gaussian Beam Focused by a Thermal Lens.os"™*
Parameter Specification
* Use the Parameter Run —
You can select ane or more parameters which shall be varied as well as the resulting number of iterations. Several modes are =
Usage of Parameter Run [Use Case] T mm———
Usage Mede | Standard ~
F %] [ Show Only Va
Object Category Parameter Vary From To Steps StepSize  Oni
Scaling z-Uirech (]
First Interface (Plane | 5
Interface) bIEE 0
Beta O
Medium between | Bace Material (V.. | []
Interfaces (Thermal.. |p _ [ _ MW/ - -I
Thermal Definition Area (.. | []
Lens #1 Definition Area (.. [l
Scaling x-Direct O
Second Interface —=ling v-Di
(Flane Interface) Sealing y-Direct O
Sczling 2-Dir O
Alpha D
Beta O



https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.lighttrans.com/index.php?id=1593
https://www.lighttrans.com/index.php?id=1596
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