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The project file Tut ori al _3. | cd of the example generated with this tutorial can be found in
the directory Tut or i al s on the CD-ROM or after installation of LASCAD in the subdirectory
Tut ori al s of the LASCAD application directory. You can copy this file to a working direc-
tory and open it by double-click.
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1 Starting LASCAD and Defining Pump Light Distribution

e Start LASCAD and open Tut ot i al _3. | cd in the directory C. \ Pr ogr am
Fi | es\ LASCAD\ Tut ori al s,
Define a working directory,
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 is only is 0.12 mm thick, you must
stretch a lot,

e Select the menu item FEA—Parameter Input & Start of FEA code, which opens the win-
dow Crystal, Pump Beam, and Material Parameters.

This window has six tabs. The tab Models shows pre-designed models provided with LASCAD,
as shown in Fig. 1. In this tutorial, the model Cylindrical rod with top hat... is selected. That
means that the absorbed pump power density is approximated by a top hat (= constant) distribu-
tion in the direction of the disc axis. Below the frame with the models you can see the dimen-
sions of the disc.

o) x|

Help== Models Pump Light Boundaries  MatFParam., Dopg.&Mats,  FEAOpHons

kodels | Fump Lightl Buundariesl katerial Param. | Daping & Mats.l FEA Qptians |

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

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

o)

Single or dual end pumped slah

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

Side pumped cylindrical rod

Side pumped slab including sandwich configurations

8 e TS B R

Cylindrical rod with numerical input of pump light distribution

BNRCO0A]

= Slak with numerical input of pump light distribution

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

Length of rod (along z axis). mm iz

Diameter of rod, mrm I 14.

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

Fig. 1



Select 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 as-
sumed 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 supergaussian 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 super-gaussian exponent is increased to a large
number, the profile approaches top hat. 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.

~ 1ol x|

Help== Models Pump Light Boundaries MatParam. Dopg.&Mats,  FEAOpHons

bModels Fump Light | Eh:uundariesl tdaterial Param. | Daping & Mats.l FEA Options |

Totalky absorbed pump power, W &00.
x-z-plane w-z-alane

Spot size, Pm ™) I 4600.
Distance of waist from left end face. mm
Beam divergence, mrad

Super gaussian exponent an. -

Beam center coordinates. mm | 0.0 | 0.0

Opentab "Doping" ta define the limits of the pumped regian.

—Megative gaussian contribution to pump profile

% of total power I 0.0

Spot Size, dm ™) 300,

—Select symmetry of pump spot

(@ Rotational symmetry O svmmetny

*) Spot size is the radius where the intensity is dropping to 1/e®

Show Purnp Profile |

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

Fig. 2
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2 Defining Boundary Conditions Used with FEA

Select the tab Boundaries, as shown in Fig. 3, to define the boundary conditions. It is assumed
that the lower (z=0) surface of the crystal is in contact with a solid at constant temperature, but
you also can check fluid cooling. The temperature of the solid is assumed 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 deformation, and should have the same value as the temperature
used for the solid contact.

ER Crystal, Pump Beam, and Material Parameters = |EI |£|
Help==> Models Pump Llight Boundaries MatParam, Dopg.eiats,  FEAOptons

Mudelsl Pump Light Boundaries | kMaterial Param.l DDping&Mats.l FEA Options |

Sufaces kept at constant temperature:
Temperature, K I 293,
Surface extends from z = I 0.0 to z= I 10000.E6
[~ Fluid Cooling

¥ Ring surface at front face (z=0) Temperature, K 2973
Inner diameter of ring, mm I 0.0 Outer diameter I 10000.ER
[~ Fluid Coaling

[T Bing surface at hack face Temperature, K 293.
Inner diameter of ring, mm I 0.a Outer diameter I 10000.E6
[~ Fluid Coaling
Feference temperature, K 243,

Apply & Pun FEA Print | Cancel | [ Appiyaur | Close

Fig. 3

The tab Doping & Mats. is not used with the present configuration



3 Defining Options to Control FEA

Select 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 in-
formation. You can leave the entries unchanged for now. For the current values of the mesh size,
700 MB RAM is 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.

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

Mudelsl Furnp Lightl BDundariesl Material Faram. | Doping & Mats. FEA Options |

FEA mesh
Mesh size in x- and y-direction [rmim)] I 008z
kesh size in e-diraction [mm] I 0.011635

Estimated number of elements | I 2380495

Convergence limits

Thermal analysis I 1.E-7

Structural analysis I 1.E-7
Maximum number of iterations

Thermal analysis [ 14 j

Structural analysis I 2hb :II

Graphics controls

Fosition of cutting plane perpendicular to z-axis 0.a

:

Directory for output of FEA results

IC:\tutD ral_3_res\FEA

Apply & Run FEA | Print | Cancel | [ Appivail | Close |

Fig. 4

Click Apply & Run FEA to start the FEA analysis. The window Finite Element Analysis pops
up, up showing the number of the currently running iteration. In addition, it shows the maximum
temperature during thermal analysis, and the absolute value of maximum nodal displacement
during structural analysis. At the end of the computation, the message "FEA finished success-
fully" appears. Click OK to close this dialog.

Please be aware that initialization of the FEA and generation of the mesh may take a while for
large element numbers.
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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 shows
the temperature distribution at the side of the disc that is not being cooled.

w. 3D Visualizer - <r:%\Tutorials Tutorial_3%Thnin Disk YB_YAt - |El|i|
File  Wiew Help

s~ 2 #®e00 1t e e be] F—

FEA results default directory: r\Tutorialsh Tutorial_34 Thnin Disk YB_YAGAFEA .. |

T —

Temperature, K

|Xrat =-42  Yrot =166 Zrot =27 Zaom =14 | Light ON Y

Fig. 5

Click FEA—2D Data Profiles ... in the LASCAD menu to open the window 2D Profiles &
Parabolic Fit, showing 2D plots of FEA results. By default, the temperature distribution is dis-
played. Use the drop-down box in the upper right corner of this window to show 2D plots at
different positions along the z-axis of the crystal, which correspond to FEA discretization
points. Use the mouse wheel to scroll along the z axis.

5 Creating a Parabolic Fit of the FEA Results

Click the button Refresh & Fit, in the window 2D Profiles & Parabolic Fit, to carry through a
parabolic fit of the transverse refractive index distribution and the deformation. The fit is com-
puted for a series of sections along the z axis, as generated by the FEA discretization. For the
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 z = 0.06 mm.
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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 0 and 1. You may have to
stretch in advance. The yellow symbol for the thermal lens should appear, but since the length of
the plot is adjusted to the width of the picture box immediately after insertion, you must stretch
the plot again to display the thermal lens as shown in Fig. 7.



Computing Laser Power Output 9

1 'Standing Wave Resonator, FEA Directory: ¢i'__ T -0 ﬂ
Show Additional Items Help

#-Z-Plane Mode
|

1605 Y

L

]
.

-1605

L

1605
[km]
0.0

-1605
KN _||Shrink g - |[Stretch
Change = between -+ Y

| Adjustlength | AdjustDiameter ® Modeonly ¢ Mode + External Beam  External Beam only

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 is common for thin disk lasers. It is a
quasi-3-level material, which means that the lower laser level is close to the ground level. Com-
putation of the laser power output must, therefore, take into account reabsorption of the laser
radiation in the lower level.

Open the tab Material Parameters, in the window Crystal, Pump Beam, and Material Pa-
rameters, to display the material parameters for Yb:YAG, as shown in Fig. 9. You can see that
the box 3-Level-Laser-System is checked in Fig. 9. To display parameters for 3-level-systems
like energy levels and effective cross-section of reabsorption, click the button Show Material
Parameters for 3-Level-Systems, as shown in Fig. 10.

The 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 dis-
tribution, as obtained by FEA in the computation. LASCAD 3.5 is the first commercial program
which is taking into account the full 3D temperature distribution to compute laser power output
for 3-level-laser systems.

Since thin disk lasers usually operate in multimode operation, the box Multimode Operation is
checked in Fig. 8.
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To confine the radius of the mode structure, the box Account for Apertures is checked. The
apertures are defined in the tab Apertures of the window Parameter Field, and are approxi-
mately equal to the radius of the pump spot.

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

Alternatively, you can select the option Plot curve with ... grid points, and use the predefined
number of 20 grid points. This computation will take somewhat longer. For the latter case, mini-
mum 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 delivers threshold and slope efficiency,
as shown in Fig. 8.

Please select Help—GUI in the window Laser Power Output, or refer to LASCAD Tutorial
No. 2, or to the manual for additional information.

. L aser Power Output FEA-File: ri%_disk demo lam*FEAY = |I:I |i|
File Copy to Cipboard  Help

Output mitrar reflectivity I 0.95 Purmp wasve lenoth [Jim] I 0.94 - Plot.[Options)

. & Curve with
Fesaonator round-trip loss | 1.0E-2 Absorbed Fump Power W] 500. |—
' ' 2 =
grid points
1e25= (" Single Paint
106 3 (" Exper. Data
— 8451 ___Apoly |
= Apply & Plot_|
S CAdiustEcale
= T0.9— Fed
o el raw |
= Clear Graph |
g sl ear Graphs
o Click into circles
O g7 to show corre-
o sponding numer-
@ 354 ical values below
= -ixis Variahle
236 h00.
Laser power
e [ 11659
0.0 b—a—ge | I I I I I I I |
3000 3205 341.0 3615 3820 4025 4230 4435 4640 48445 45050
Absorbed Pump Power [Wy]
—Define x=Axis Warighle ————— —Define ¥- and v-Scale [V Accountfor Apertures
€ Use incident purmp power Frscale min. 300, [v hultirmode Operation
® Use absorbed pump power #rscale max 500 [ Pulsed Operation
r-gcale min. I 0.0
(" Use output mirrar reflectiviry
Y-scale max. I 116.99

Fig. 8
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ER Crystal, Pump Beat

Help==> Models Pump Light Boundaries

[l ]

Mat.Param. Dopg&Mats, FEAOptions

MDdEIS' Purnp Light' Boundaries Material Param. | DDpiﬂg&MﬂtS.' FEA Options |

Material A: |  ‘YbirAG

Thermal canductivity, W (mmk):

Coeff. of thermal expansion, 1/K:

Elastic modulus, M/mm"™2:

Fefractive Index

|
|
|
Foisson's rafio (4 2 %2 comp.): |
|
|

Temp. depend. of refr. ind. dn/dT, 1/K

Stimulated emission cross section, mm”2
spontaneaus fluorescence lifetime, s
Fump efficiency

[¢ FLevellaserSystem

show Material Farameters for 3-Level-zystems

X-COMmp. Y-COMp. Z-COMp.
PES1 | 7B | 7ET
PE6 | 7EE | 7EB

jooo0. | 310000, | F10000
0.25 S B
182 REE | 182
9E6 | 9EE | O9Eb

Heat efficiency factar. 1NN

I 1.59E-18

450,

[

Composite material and temperature

(8 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 material

[ Thebeamis passing through mat. B

show Parameters of Matetizl B |

Open Material File |

nave to Material File asl

dependence of parameters:

[™ Pararm, of materialA tern. depend,

nave to Material File |

Apply & Pun FEA | print |

Close |

Cancel | Apply All

Fig. 9
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wm. Parameters for Quasi-3-Leve

Doping density of laser active atoms,
1/mim ™3

Eftective cross section of reabsorption,
mim™ 2

i Use numerical input for stim. emission

x|

1.725E18

[.2E-149

Cross section

5 setemperature distribution (1 Use Kelvin Scale )

to compute stimulated emissian cross

Energy levels and degeneracies of
upper and lower crystal field states

seaction

Mumber of levels of upper multiplet 3
Mumber of lewvels of lower multiplet 4
Upper multiplet Energy. 1/ocm Degeneracy
Upper Lewel 4 = =
lpper Lewvel 3 10%30. 1
lpper Lewvel & 10B24. 1
lpper Lewvel 1 10327, 1
Lower multiplet

Lower Lewel 4 b, 1
Lower Lewel 3 b1E. 1
Lower Lewel 2 5Bh. 1
Lower Lewel 1 0.0 1

=how Emission Cross Section Al

Fig. 10
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8 The Beam Propagation Code (BPM)

LASCAD also provides a physical optics beam propagation code. This provides full 3D simula-
tion 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 on starting the
BPM code. For details please refer to the manual.

To start the BPM code, select BPM—Run BPM, in the menu bar of the main LASCAD win-
dow 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, "The full computational win-
dow is used as aperture', in the frame Use of Apertures in Fig. 11. Then 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.

w. Beam Propagation Method il
SGeneral Individual Fropagation Steps |
Half width of computational window:. mim I B
General width of propagation step. mm | 5.

ILlse results of gaussian analysis to compute
[ half width of computaional wind ow

[ general width of propagation step

MNumber of cawvity iterations I f2

MHumber of samples for eigenmode analysis I G- ill
Frequency of sawving intensity + phase profile | 30
[ Compute eigenmodes [v LUse dwhnamic gain model

Define autput mirrar refelectivity, resonator round-trip loss, and
purmp weawe lenagth in the window "Laser Fower Output

—llse of Aperures

- Twice the spot size of the gaussian fundamental is used as
apernure radius at the end mirrors

(® The full computational window is used as aperture

" Apertures defined in the window "Param. Field" are used

— Initial Bearm Frofile
{ Gaussian with spot size obtained from ABCD code

(® Gaussianwith spot size defined in the bhox bhelow

" Circulartop hatwith radius defined in the box below

Spot size (1/27 2 radius) of initial profile, mm | 4

Help | BN BE

Fig. 11
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.-+ Intensity Profile on Transversal Plane - Compaq Array View - |D|£|
Fl= Edt ‘iew Settngs Colors Palette Data Help

& 22| [F el r| Di=|E| »|=e 828

ITERATION=00037 Z=610120T

6.e-003

. f.e-003

J.e-003

5671

1765,
-140.
-5053. 559 S Y Direction({microns)
For Help, press F1 reatk4 M(128, 128) M(1,1): 0 y

Fig. 12

A detailed listing of numerical results created by the BPM code, such as laser power output,
beam quality etc. can be found in the file | yr a. t xt in the subdirectory BPMof the LASCAD
working directory. A wuser guide for the BPM code can be found in the file

BPM user _gui de. chm in the subdirectory Docunent at i on of the LASCAD application
directory.
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