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The project file Tutorial_3.lcd of the example used with this tutorial can be found in
the directory "Tutorials" on the CD-ROM or after installation of LASCAD in the subdi-
rectory "Tutorials” of the LASCAD application directory. You can copy this file to a
working directory.



1. Starting LASCAD and Defining Pump Light Distribution

Start LASCAD by selecting Start/Programs/LASCAD/Lascad or double-click Tuto-
rial_3.lcd in the directory ..\Programs\LASCAD\Tutorials.

Define a working directory (Not necessary, if you double-click Tutorial_3.lcd),
Click into the File-=Open icon in the toolbar and open the file Tutorial_3.lcd.

Stretch the mode plot by the use of the "shrink-stretch” tool until you can see
the yellow symbol for the thermal lensing disc. Since the disc only is 0.12 mm
thick, you must stretch a lot.

Click the menu item "FEA/Parameter Input & Start of FEA code" which opens the
window "Crystal, Pump Beam, and Material Parameters".

This window is showing six tabs.

The tab "Models" is showing pre-designed models provided with LASCAD as
shown in Fig. 1. The model "Cylindrical rod with top hat..." is selected. That
means that the absorbed pump power density is approximated by a top hat (=
constant) distribution in the direction of the disc axis. Below the frame with the
models you can see the dimensions of the disc.

EE Crystal, Pump Beam, and Material Parameters il
Help== Modelz Pump Light Boundaries MatParam. Dopg.&Mats, FEAOpHons

hodels I FPump Light I Elcnundariesl tdaterial Param. | Doping & Mats.l FEA Options I

— Crystal and pumping configurations
= Single or dual end pumped cylindrical rod

Cwlindrical rod with top hat profile of pump light along z-axis
and supergaussian shape perpendicular to z-axis

Single or dual end pumped slab

Slab with top hat profile of pump light along z-axis and
supergaussian shape perpendicular to z-axis

Side purmped cylindrical rod

Side purmped slab including sandwich configurations
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Cwlindrical rod with numerical input of pump light distribution

BRACAN0L

= Slab with numerical input of pump light distribution

Click into the pictures to zoom in or out.
Examples are found in the subdir. EXAMPLES of the LASCAD application dir.
Tutorials are found in the subdir. TUTORIALS of the LASCAD application dir.

Length of rod (along z axis), rmm niz

Diameter of rod, rmm I 14.

Apply & Run FEA Frint Cancel

Close |

Fig. 1



Click into the tab "Pump Light" as shown in Fig. 2 to define the absorbed pump
power density. With this model you must know in advance the totally absorbed
pump power. It has been assumed that 500 W are absorbed in the disc. The pump
profile perpendicular to the axis of the disc can be defined by the use of supergaus-
sian functions as explained in the help=> menu item "Pump Light/Top Hat Pump
Light Distribution in Axis Direction” or in the manual. The spot size is the radius of
the distribution. If the supergaussian exponent is increased to a large number the
profile approaches to a top hat profile. Click the button "Show Pump Profile" to see
the profile. You can even subtract a negative contribution from the profile based on
a percentage scale related to the absorbed pump power.
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Totally abzorbed pump power, W | A00.

w-z-plane y-z-plane
Spot size, pm o0,
Distance of waist from left end face, mm
Beam divergence, mrad
Super gauszian exponent 30. -
Beam center coordinates, mm | oo | 0

Open tab "Doping” to defing the limitz of the pumped region.

— Megative gauszian contribution to pump prafile

% of takal power I 0.0

Spot Size, pm ¥ 300

— Select symmetry of pump spot

{* Ruotational symmetmy ™ wep-spmmetry

*| Spot zize iz the radiuz where the intenzity iz dropping to 1/

Shiow Purmp Profile |

Apply & Fun FEA Frint Cancel | [ appbal | Close |

Fig. 2



2. Defining Boundary Conditions Used for FEA

Click into the tab "Boundaries" as shown in Fig. 3 to define the boundary conditions.
It is assumed that the lower (z=0) surface is in contact with a solid at constant tem-
perature, but you also can check fluid cooling. The temperature of the solid is as-
sumed to be 293 K. With 3-level-laser materials it is important to use the Kelvin
scale. The reference temperature is used for the computation of the thermal defor-
mation, and should have the same value as the temperature used for the solid con-
tact.
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Sufaces kept at constant temperature:

Temperature, K | 293
Surface extends from z = I 0.0 bo oz = I 10000.E6

™ Fluid Cooling

W Ring suface at front Face [z=0] Temperature, k. | 293,

Inner diameter of ring, mm | 0.0 Cuter diarmeter |'IEIEIEI|:I.EE

[~ Fluid Coaling

[~ Ring suiface at back face Temperature, k. | 293

Inner diameter of ring, mm I 0o Outer diameter |1DDDD.EE

™ Fluid Caaling

Feference temperature, K 293,

Apply & Fun FEA Prirt Cancel I | Apply Al I Cloze

Fig. 3

The tab "Doping ..." is not used in the present configuration



3. Defining Options to Control FEA

Click into the tab "FEA Options" as shown in Fig. 4 to define meshing parameters,
convergence limits, and maximum number of iterations. Please refer to the help
menu for more detailed information. You can leave the entries unchanged for now.
For the current values of the mesh size 700 MB RAM are recommended. To get
more accurate results for the deformation, which is very small in the present case
you can reduce the mesh size along x and y to 0.06, but you need 1024 MB RAM
minimum for this finer mesh.
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Help== Models Pump Llight Boundaries MatParam. Dopgf&Mats, FEACptions

Mudelsl Pump Lightl BDundariesl haterial Param. | Doping & Mats. FEA Options |

FEA mesh
hesh size in x- and y-direction [mm)] I 0.0gz2
Mesh size in z-direction [mm)] I 0.011538

Estimated numkber of elements | I 238095

Convergence limits

Thermal analysis I 1E-7
Structural analysis IT

Maximum number of iterations

Thermal analysis I 14 j
Structural analysis I 25 j

Graphics controls

:

Fosition of cutting plane perpendicular to z-axis 0.0

Directory for output of FEA results

|c:\tutu:uria|_3_rev\FEA

Apply & Fun FEA | Print Cancel | [ Applyal | Close |

Fig. 4

Press the button "Apply & Run FEA" to start the FEA analysis. The window "Finite
Element Analysis" is popping up showing the number of the currently running it-
eration. In addition, it is showing the maximum temperature during thermal analy-
sis, and the absolute value of maximum nodal displacement during structural analy-
sis. At the end of the computation the message ""FEA finished successfully' ap-
pears, press the button "OK" to close this dialog.

Please be aware that initialization of the FEA and generation of the mesh may take
some time for large element numbers.



4. Showing the FEA Results

When the FEA is finished, click "FEA/3D Visualizer" in the main LASCAD menu to
show results for heat load distribution, temperature distribution, deformation and
stress. Fig. 5 is showing the temperature distribution at the side of the disc not be-
ing cooled.

wm. 30 Visualizer - <ri\Tutorials Tutorial_3%Thnin Disk ¥YB_YAl - |Elli|
File  “iew Help

=~ @O LT 2 e e mouse speed —————— ————

FEA results default directany: v Tutarialsh Tutarial_34 Thnin Disk vB_vAGYFEA e |

300.7

Temperature, K

[sdrot =42 rot =166 Zrot =27 Zoom =14

Light OM Y

Fig. 5

Click "FEA/2D Data Profiles ..." in the LASCAD menu to open the window 2D Pro-
files & Parabolic Fit'" showing 2D plots of FEA results. By default, the temperature
distribution is displayed. Use the drop-down box in the upper right corner of this
window to show 2D plots at different positions along the z-axis which are corre-
sponding to FEA discretization points. Use the mouse wheel to scroll along the z
axis.

5. Creating a Parabolic Fit of the FEA Results

To carry through the parabolic fit the current thermal lens must be cleared advance
in the mode plot window. Stretch the mode plot again, press the CTRL key and click
into the yellow symbol.

Click the button "Refresh & Fit" to carry through a parabolic fit of the transverse re-
fractive index distribution and the deformation. The fit is carried through for a series
of sections along the z axis as being generated by the FEA discretization. For the
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current meshing parameters about 10 subsections have been created. The fit for the
refractive index distribution is shown in Fig. 6. Note that the fit is shown at
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Fig. 6

Click the items "'Left face™ or "Right Face™ in the drop-down box *Show Parab.
Fit” to show the fit for the end faces. The results for the end faces are not accurate.
Since the deformation is very small, you must use a finer mesh along x and y axis
and run more iterations to get more accurate results. But this is not important for
the present purpose, since the small deformation has almost no influence on the

laser mode.

6. Inserting the Thermal Lens into the Mode Plot

Press the "ALT" key and click in the mode plot between element O and 1, perhaps
you must stretch in advance. The yellow symbol for the thermal lens would appear,
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but since the length of the plot is adjusted to the width of the picture box immedi-
ately after insertion, you must stretch the plot again to display the thermal lens as
shown in Fig. 7.

1 'Standing Wave Resonator, FEA Directory: r:%_ disk den ;lglil
Show Addiional Iiems  Starting Condifions for Ext Beam Help
!

~d > |[Shrink < - [Sitretch
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® todeonly © Mode + External Beam  External Bearn onky

Fig. 7

7. Computing Laser Power Output

Click the menu item "Laser Power" to open the window "Laser Power Output" as
shown in Fig. 8.

In this example Yb:YAG is used as laser material which often is utilized for thin disk
lasers. It is a quasi-3-level material which means that the lower laser level is close
to the ground level, and therefore, computation of the laser power output must take
into account reabsorption of the laser radiation in the lower level.

Open the tab "Material Parameters" in the window "Crystal, Pump Beam, and Mate-
rial Parameters" to display the material parameters for Yb:YAG as shown in

Fig. 9. You can see that the box "3-Level-Laser-System" is being checked in Fig. 9.
To display parameters for 3-level-systems like energy levels and effective cross-
section of reabsorption press the button "Show Material Parameters for 3-Level-
Systems" as shown in Fig. 10.

Theory and mathematical method to compute the laser power output are described
in the technical document "Laser Power.pdf" which can be downloaded from
https://www.las-cad.com/lascad_download.php, or found on the CD-ROM. Due to
the temperature dependent population of the lower laser level it is important to take
into account the local temperature distribution as obtained by FEA in the computa-
tion. LASCAD 3.3.4 is the first commercial program which is taking into account the
full 3-D temperature distribution to compute laser power output for 3-level-laser
systems.

Since thin disk lasers usually are working in multimode operation, the box "Multi-
mode Operation” is being checked in Fig. 8.



To confine the radius of the mode, the box "Account for Apertures" is checked addi-
tionally. The apertures are defined in the tab "Apertures” of the window "Parameter
Field" and are approximately equal to the radius of the pump spot.

Select the option "Plot single point" and press "Apply & plot" to compute laser power
output for 500 W absorbed pump power.

Alternatively, you can select the option ""Plot curve with ... grid points", compu-
tation will take somewhat longer. For the latter case minimum and maximum of the
absorbed pump power have been set to 300 and 500 W in the frame "Define X-
and Y-Scale", respectively. This computation is delivering threshold and slope effi-
ciency as shown in Fig. 8.
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Fig. 8

Please Click "Help/GUI", or refer to Tutorial_2, or to the manual for additional in-
formation.



EE Crystal, Pump Beam, and Material Parameters
Help=> Models PFump Light Boundaries MatParam., Dopg&Mats, FEAOptons

Mudelsl Fump Light' Boundaries Material Param. | Du:uping&hdats.' FEA Optians |

Material A: | YhiYAG *-COMmp. -COmp. Z-COMmp.

Thermal conductivity, W/ (mmk): | 7E3 | 7E3 | 7E3

Coeff. of thermal expansion, 1/K: | 7E6 | 7E6 | 7E5

Elastic modulus, M/mm”2: | 310000, | 310000 | 310000

Foisson's ratio (xy vi xz comp.): | 0.25 | 0.25 | 0.25

Reefractive Index | 182 | 182 | 182

Temp. depend. of refr.ind. dn/dT. 1/K | 9E-6 | 9E6 | 9EE
Heat efficiency factor: 01

Stimulated emission cross section, mm”™2 IW

spontaneous fluorescence lifetime, s 950

Furnp efficiency IT

[v 3LevellaserSystem Show Material Parameters far 3-Lewvel-Systems

Composite material and temperature dependence of parameters:
& One material with temperature independent parameters
(" One material with temperature dependent parameters
(" Two materials A and B where material B may be a heat sink matetial
[ The bearmis passing through mat. B [ Baram. of rmaterisl A termp. depend.

=how Farameters of Materzl B |

COpen Material File | Sawve to Material File aal Sawve to Material File |

x|

Apply & Bun FEA | Frint | Cancel |

Fig. 9
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w. Parameters for Quasi-3-Leve
Doping density of laser active atams,
1/mm™3

Effective cross section of reabsarption,
i

x|

1.725E78

il.2E-149

(" Use numerical input for stim. emission cross section

|se temperature distribution (| Use Eelvin Scale )

to compute stimulated emission cross

Energy levels and degeneracies of
upper and lower crystal field states

section

Mumber of levels of upper multiplet 3
Mumber of levels of lower multiplet 4
Upper multiplet Energy, 1/cm  Degeneracy
Upper Lewvel 4 - -
Upper Lewvel 3 10930, 1
Upper Level & 10bEA. 1
Upper Lewvel 1 10527, 1
Lower multiplet

Loweer Lewel 4 78h. 1
Lower Lewel 3 b12. 1
Lower Lewel 2 BBh. 1
Lower Lewel 1 0.0 1

show Emission Cross Section Apply

Fig. 10
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8. The Beam Propagation Code (BPM)

LASCAD also is providing a physical optics beam propagation code. This code pro-
vides full 3D simulation of the interaction of a propagating wave front with the hot,
thermally deformed crystal, without using parabolic approximation. Here only a
short instruction is given how to start the BPM code, for details the reader is re-
ferred to the manual.

To start the BPM code click "BPM/Run BPM" in the menu bar of the main LASCAD
window to open the window shown in Fig. 11.

To compute the multimode structure use the entries shown in Fig. 11. Uncheck the
boxes in the frame "Use results of gaussian analysis ... "'. Check the option
"Use half width of computational window" in the frame "Use of Apertures™ in
Fig. 11 and select as initial beam profile ""Gaussian with spot size defined in the
box below™. With the full version you can alternatively use the option "Circular
top hat ..."" An example for a multimode profile is shown in Fig. 12.

. Beam Propagation Method i|

General Individual Fropagation Steps |

Half width of camputational window:. mm I 6
General width of propagation step. mm I 5.

Lse results of gaussian analysis to compute
[ half width of computaional window

[ general width of propagation step

Mumber of cawvity iterations IT
Mumber of samples for eigenmode analysis ITj
Frequency of saving intensity + phase profile IT
[T Compute eigenmodes [¥ Use dynamic gain model

Define output mirror refelectivity, resonatar round-trip loss. and
pump waswe lenath in the window "Laser Fower Output

—Llse of Aperures

- Twice the spot size of the gaussian fundamental is used as
aperure radius atthe end mirrors

8 The full computational windaw is used as aperture

(" Aperures defined in the window "Faram. Field" are used

— Initial BEeam Profile

(" Gaussian with spot size obtained from ABCD code
(® Gaussian with spot size defined in the box belaw

¢ | Citzulartop hatwith radivs definedlin the box below

Spot size (1/e”2 radius) of initial profile, mm I 4

Help | T .

Fig. 11



|-+ Intensity Profile on Transversal Plane - Compaq Array View - |I:||ﬂ
Fl= Edt ‘iew Settngs Colors FPalette Data Help

o FX|[2B[7|¢| r] Di&E| B8] 2N

ITERATION=00037 Z= 610120 T
f.e-003
. 6.&-003
3.6-003
0.e+00]
567
77659
X
5671,
21765,
-140,
5953, 5053 040 Y Direction{microns)
For Help, press F1 real*4 M(128, 128) M(1,1): O y
Fig. 12

- 13 -



	1.  Starting LASCAD and Defining Pump Light Distribution 
	2. Defining Boundary Conditions Used for FEA 
	3. Defining Options to Control FEA
	4. Showing the FEA Results
	5. Creating a Parabolic Fit of the FEA Results
	6. Inserting the Thermal Lens into the Mode Plot
	7. Computing Laser Power Output
	8. The Beam Propagation Code (BPM)

