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1.General

1.1 System requirements

1.1.1. Software requirements
fiberdesk works stable on the following operating systems:

Microsoft® Windows®7/8/8.1/10/ 11

fiberdesk

nonlinear pulse propagation

In addition, because fiberdesk uses the Thales Sentinel USB Protection System, its
drivers for the usage of the USB hardware lock are also required for dongles purchased
before 2019. Later ones are driverless, the driver is included in the Windows system.

1.1.2. Hardware requirements
Required processor: Intel Pentium or compatible

Required/Recommended RAM: 1 GB or more

1.2 Software license

This program is NOT freeware, please see end-user license below. This means that you
are not allowed to distribute it anywhere or to modify the executable or any data files
within this program. Furthermore, you are not allowed to place this program on a Web
Site, but you could place a link to the official website of this program. This program is
provided as is. There are no guarantees for you about the safety of your data. Any
suggestions and bug reports are welcome. To ask questions, get answers or report bugs

visit the official web site.

Official web-site: www.fiberdesk.com
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1.3 END-USER LICENSE AGREEMENT (EULA)

PLEASE READ THE END-USER LICENSE AGREEMENT CAREFULLY. BY COPYING,
INSTALLING OR USING ALL OR ANY PORTION OF THE SOFTWARE YOU ACCEPT ALL
THE TERMS AND CONDITIONS OF THIS AGREEMENT. IF YOU DO NOT AGREE TO THE
TERMS OF THIS AGREEMENT, DO NOT USE THE SOFTWARE.

This End-User License Agreement (Agreement) is between You (You, Your or the
Licensee) and fiberdesk (the Licensor/Producer). This Agreement authorizes You to use
the copy of fiberdesk (Software) and accompanying documentation under the terms and
conditions set out in this Agreement.

DEFINITION of ’Licensed Software’ or ‘Product’: these shall mean the object code copy
of the software programs described attached hereto and which are provided to You
pursuant to this Agreement by the Licensor, together with related material in electronic
and hard copy form (especially the USB hardware key), and together with all upgrades
and updates that may be provided to You from time to time.

1. GRANT OF LICENSE

The Licensor grants You the non-exclusive right to use Licensed Software to run and
operate the Licensed Software in accordance with the relevant documentation provided
to you. Any other use is strictly prohibited. Especially, you may not copy, re-sell, rent,
transfer or sub-license the right to use the Licensed Software. You have no right to
receive, use, examine any source code or design documentation related to the Product.
You may not reverse engineer, decompile, disassemble or otherwise attempt to
discover the source code of the Software except to the extent you may be expressly
permitted under applicable law to decompile only in order to achieve interoperability
with the Software.

2. COPYRIGHT

The Licensed Software and all rights, title and interest in, including without limitation, all
proprietary rights therein, are owned by the Licensors and are protected by international
treaty provisions and applicable national laws. This Agreement does not constitute a
sale of the Product or any part of it to You.

3. TERMINATION OF LICENSE

This Agreement will become effective from the first day You install the Licensed
Software. Some parts, especially the availability of upgrades to you is effective from the
day of purchase. You may terminate this Agreement at any time by sending back the
Licensed Software and the Hardware key. Licensor may terminate this Agreement at any
time upon Your breach of this Agreement, in which event, You agree to by sending back
the Licensed Software and the Hardware key and all documentation and related
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materials. Except for the License, the remaining terms of this Agreement shall survive
termination.

4. LIMITED WARRANTY

Licensor warrants to You that the media on which the Licensed Software is located, is
free from defects in materials and workmanship under normal use for a period of ninety
(90) days from the date of delivery to You. This warranty is granted to You as the original
purchaser. It is not transferable. The warranty is void if failure of the Licensed Software
has resulted from accident, abuse or misapplication. Licensor will replace media not
meeting the above warranty, which is returned to it or the authorized reseller within the
ninety (90) day warranty period. If Licensor is unable to deliver a replacement media free
from defects in materials and workmanship, You may terminate this Agreement by
returning the Licensed Software. The amount paid by You for the Licensed Software will
be refunded.

5. Limitation of liability

In no event shall Licensor be liable to you for any damages arising out of the subject
matter of this agreement or the product under any contract, negligence, or strict liability,
for any indirect, special, incidental, or consequential damages, including but no limited
to lost profits, costs of procurement of substitute goods or services or property,
personal injury, interruption of business howsoever caused arising out of the use or
inability to use the licenced software, even if Licencor has been advised of the
possibility of such damages. In the event that any exclusion contained herein shall be
held to be invalid for any reason and Licensor becomes liable for loss or damage that
may lawfully be limited, such liability shall be limited to the amount paid by you to
Licensor for the licensed software.

6. Updates / UPGRADES

To ensure that the software functions properly, the Licencor / fiberdesk publishes
updates (by sending it to you by email or putting it on the official webpage). If the
Software is an update, you must possess a valid license to its version to use this update.
Updates improve the workings of the software, i.e. remove bugs. The user is responsible
for proper configuration of the software updating process to provide for the highest
possible level of functional reliability. Updates may be licensed to you by fiberdesk with
additional or different terms, please see comments e.g. in the corresponding blog on
the webpage.

Updates are distinguished from Upgrades: Upgrades to a new version, which includes
new features that were not available in Your version, require a new license that must be
purchased (please contact fiberdesk for a quote to Upgrades). However, upgrades are
free if released within one year after purchase of Your license but this time period of one
year is then not extended.




M __mu . I, -"f \ R

fiberdesk

nonlinear pulse propagation

If a new version is available, updates to previous versions are not guaranteed after one
year after purchase of Your license. In that case you need to purchase a new license for
an upgrade and update.

Updates and Upgrades may have different behaviors, for instance in terms of dialogs or
file format. The change must not be tracked within fiberdesk, so that there is no liability
of fiberdesk to read files saved with a previous version. The customer might keep the
older version in order to be able to read files.

7. FURTHER LIMITATIONS / SCIENTIFIC BUGS

The Licensor is not responsible for any mistakes in the documentation or scientific
errors arising from the results the software produces. However, any of such mistakes
can be reported to the licensor and can be updated, if possible and necessary.

8. Support

Technical support is given for any software bug or technical question concerning the
functionality of the software. Scientific support, which means that scientific question or
problems are solved by the fiberdesk support, are not included in the license. The
Licensor may ask such questions, however, the decision for answering is done by
fiberdesk. Likewise, no consulting about scientific topics is included in the license.

9. Referencing Fiberdesk
If a scientific citation of fiberdesk is possible use a phrase similar to the following:

[X] simulations done using fiberdesk, www.fiberdesk.com

More specifically, if the predefined dispersion values are used for any kind of
publication, please contact the author (webmaster@fiberdesk.com) for information on
copyright and citation.

10. General Terms

If any part of this agreement is found to be invalid, illegal or unenforceable, it will not
affect the validity of the balance of this agreement, which will remain valid and
enforceable according to its terms. This Agreement sets out the entire understanding
between You and the Licensor and may only be amended in writing in a document
signed by both parties.
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2.Software Interface: Overview

The general graphical layout of fiberdesk is shown inFig. 2.1.

ATz T

| |
WA

Fig. 2.1: Graphical User Interface (GUI).
fiberdesk uses a ribbon menu (with advanced features and easier access to the
command structure. It is explained in section 3.1.

Beside the main view, additionally information and parameter setups are displayed in
four attachable windows (dockable panes). These four windows are:

- the propagation parameter pane
- the measured value pane

- the output pane

- graph pane

More details can be found in section 3.2.
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project - fiberdesk - u] %
[ New Recent Documents Recent Places
77 Load Project * benchmark.fdprx & 2021 benchmark P
EAOneDrive\Dokumentelfiberdesk wo codelest proj... EAOneDrive\Dokumentelfiberdesk wo codeltest proj...
Save Project Multi Pass Cell project.fdprx P tutorial 9 special applications &
EAOneDrive\Dokumentelfiberdesk wo code\physics.. EAOneDrive\Dokumente\fiberdesk wo code\physics..
Save Project As
RE test project.fdprx ﬁ Dokumente ﬁ
E\OneDrive\Dokumente}, EAOneDrive\Dokumente\
7 Load Field
Demoprojekt 26m_1045nm_1065nm _Seeded ... ;? 2024 08 Rate Equation crash ﬁ
Save Field As EAOneDrive\Dokumentslfiberdesk wo codeltest proj... EAOneDrive\Dokumentelfiberdesk wo code\test proj...
Load propagation parameter
) save propagation parameter
= Import Spectrum (ANDO/YOKOGAWA)
= Import Spectrum (ASCII, TAB separated [ wl-nm, intensity])
= Import Spectrum (ASCII, TAB separated [ wl-nm, intensity, phase-rad])
7 Import Pulse (ASCII, TAB separated [ time-sec, intensity])
2 Import Pulse (ASCII, TAB separated [ time-sec, intensity, phase (rad)])
B et
Recent
J

Fig. 2.2: The file menu.

The file menu (Fig. 2.2) includes all command to control data connected to a file.
New

Creates a new project and sets most controls to standard values.

Load/Save Project

Opens/Saves a project. When attempting to open a project file, the following dialog box
will appear:




fiberdesk

nonlinear pulse propagation

Select project details to load X

v field data

hd view settings

hd NLSE parameter

hd create pulse settings
v multi-element settings
hd plotter

hd parameter variation

v user defined measures

Load all Cancel

The file includes the data array that samples the electric field, as well as the element
container (see File Description), propagation parameter, view definitions, and dialog
parameters. You can choose which parameters to reload, allowing you to retain certain
parameters that you have already set or need to reuse. This provides you with control
over maintaining specific settings.

Recent Documents contain recent project files.
Recent Documents

tutorial5-short_pulse _oscillator.fdprx ﬁ

EAOneDrive\Dokumentelfiberdesk wo code\physics data tutorialsitutorialitutorial 5 - multi element propagationipart 1 short pulse oscillatory

tutorial5.fdprx ﬁ

E\OneDrive\Dokumentelfibardesk wo code\physics data tutorialsitutorialitutorial 5 - multi element propagation\

benchmark.fdprx ;?
EOneDrive\Dokumentelfiberdesk wo codeltest projects\2021 benchmarky

Save Project As ...

Saves the current project with all settings to a different file name.
Load/Save Field

Loads or Saves the field information only.

Load propagation parameters ...

Loads the propagation parameters from a specific file.

Export propagation parameters ...

Saves the propagation parameters to a specific file.

Import spectrum (ANDO)

Imports an ANDO spectrum file and sets the phase to zero.

Important for ASCII/ANDO imports: The actual data array dimensions are kept
constant, thus, be sure to provide enough datapoints and the right spectral range for
the given file. This means, first “create a pulse” with the right bandwidth and central
wavelength.
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Close
Closes the current document file.

Exit

Quit fiberdesk.
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2.2 Main

Manipulation Postprocessing Multi-Element Propagation View Windows

n & Change pulse energy copy spectrum (wavelength) copy dispersion > %l i noise variation  y[l¢ Set Clear display
o
ll Recall M+

# add quantum noise set z=0
Field Start parameter Plotter Compress
copy spectrogram (ASCII) scramble spectral phase variation Swap M-

Create Edit Propagation Memory

2.2.1. Create
Field

This calls the main dialog for setting up a simple pulse and the corresponding temporal
and spectral parameters for the simulations.

size (DP)

number of data points of the field data array setup
Size (20 (2M1) - |
Type array center wavelength 1060 ~ | % nm
shape of the temporal pulse intensity (Gauss, e L3 - e

. . I h (full i | 0.000899377374
sech®, Parabolic, Rect) Additionally, one can vacuum length (ful Interval) m

select a specific spectral shape

fit all parameters to the closest value of the array v

Type Gauss v
from file .. select a specific field file that has A, 01 - * ps (sats spactral wicth)
been saved before (menu File>Save Field) in the TempShi 4.t
*.fieldx format. phase 0+ * rad
Half interval (Hl) wavelength 1060 2 nm  [v|same as array
Half of the temporal width of the complete field. B 0 -|i®
The dwell time is therefore given by tow =2 * HI / 3rd order e
DP. Of course, this sets the spectral width and energy (¥ 109 . *
resolution due to Fourier theorem. average power 333333 .ty
Pulse duration (FWHM) repettion rate | 3333556 I . 2 (Dew
scramble spectral phase (random phase)
full width at half maximum of the pulse width phase diffusion modell with given linewidth
+|add quantum noise (one photon per spectral node)
TempSh|ft double pulsing
. 0 relative 0
separation v v

P magnitude

offset of the position of the pulse center 1

v | create field in data array 1

Double pulse separation tqp add field to data array 1
- Relative magnitude R Apply | Cancel

- Center wavelength: central wavelength of the
pulse spectrum

- Chirp: linear spectral chirp in fs® with its definition:

11
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oy D 0

AT)=..e
The double-pulse separation, temporal shift and relative magnitude is calculated from
the complex single-pulse field amplitude A(T) by
A-RAT -z, +7)+(1+ R AT +7,,+7)
2

Anew (T) =

Scramble spectral phase (random phase)

It sets a random (uniform distribution) phase in the spectral domain, thus, the spectral
lineshape is maintained, but the temporal domain does not contain pulse information
anymore.

Phase diffusion modell with given linewidth
It randomizes the spectral phase according to Ref. 11.
Add Quantum Noise (one photon per spectral node)

Adds the energy of one photon in the spectral domain with random phase. Thus, energy
might not be conserved due to the complex addition of the values.

Change pulse energy

Changes the pulse energy of the current pulse.

Puls Energy

| 6, 666666666662822-010 | 3

[ OK ] [ Cancel ]

Add quantum noise
Adds one photon per spectral mode with random phase.
Use second field

Enables or disables the second data array for a second field that can be coupled
through the NLSE by XPM or birefringence.

Please ask webmaster@fiberdesk.com for details, currently not contained in
commercial versions.

2.2.2. Edit
Undo

Undo last change in the dataarray. The selected area is set to the full size of the
dataarray.

12




Redo
Restore last undo step.

Copy spectrum (wavelength axis)
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Copy spectrum to clipboard as ASCIl. The wavelength axis is obtained by linear

interpolation from the frequency axis.

Copy current view

Copy current view to clipboard as enhanced metafile (EMF).

Copy spectrogram as ASCII matrix

If spectrogram view is active, copy all values to clipboard as ASCII matrix.

2.2.3. Propagation
Start
Start the propagation using the current settings.

Parameter variation

Vary one or two parameters of a propagation using the dialog in Fig. 2.3.

Parameter Variation

(.

Initial Conditions 1st Parameter 2nd Parameter Plot Content Appearance
Px89 - Pulse_Creation.e * = x ]
from to datapoints  log steps
L withx | 1e-10 1e-09 3 =
~|save [ load D:\OneDrive\Dokumente\fiberdesk wo codeltest projects\2022 parameter variation\vary-base.pv-xml select base file
Reload v/ neglect saved plot content settings reload propagation parameter globally [+ load user defined measurements
7004
600 | )
I
500 _)7___7/_,_—
» R —
S 400 7_7_7_7_4_————
o
U 300
200+
100
o T T T T T T T T
1E-10 2E-10 3E-10 4E-10 5E-10 6E-10 TE-10 8E-10 9E-10 1E-09
Pulse_Creation.energy (J)
start ; Load Setup « .i, Save Setup w Copy BMP Copy ASCIT Save BMP Zoom Out

Fig. 2.3: Parameter Variation Dialog.

Depending on the parameter to vary, the field is create with the new parameter and
propagated using the parameters set up so far. All measurements are done after
propagation so that the results can be displayed without a new calculation.

The parameters are varied linearly or with equal logarithmic setup, if “log steps” is

chosen.

13
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A second parameter can be varied if selected.

The resulting fields of the parameter variation propagation can be saved or reloaded by
choosing a base file:

v|save [ load D:\OneDrive\Dokumente\fiberdesk wo code\test projects\2022 parameter variation\vary-base.pv-xml select base file

Reload +| neglect saved plot content settings reload propagation parameter globally [+ load user defined measurements

The following files are saved for example:

BI b| iOthe |( "Do ku mente" Bibliothek "Dokumente”

manual
manual
MName
| biase - propaguion e =10, y=..op
Mame Typ base, all x at y=2.bpf
- base - propagtion at x=0, y=2.bpf
base - propagtion at x=8, y=2.bpf

|| base, all x at y=1.bpf BPF-Datei
|| base, all x at y=2.bpf BPF-Datei
|| base, all x at y=3.bpf BPF-Datei

base - propagtion atx=7, y=2.bpf
base - propagtion atx=6, y=2.bpf
base - propagtion atx=5, y=2.bpf
base - propagtion stx=4, y=2.bpf

base - propagtion stx=3, y=2.bpf

|| base, all x at y=4.bpf BPF-Datei ] base - propagtion atx=2, y=2.bpf
_ . | base - propagtion stx=1, y=2bpf
|| base, all x at y=5.bpf BPF-Datei g 4
|| base, all x at y=6.bpf BPF-Datei [l \beseall ot oL be
| base - propagtion st x=3, y=1.bpf
|| base, all x at y=7.bpf BPF-Datei ] base - propagtion at x=8, y=1.bpf
. | base - propagtion st x=7, y=1.bpf
|| base, all x at y=8.bpf BPF-Datei ] base - propagtion at x=6, y=1.bpf
_ = [ ] base - tion at x=5, y=1.bpf
|| base, all x at y=9.bpf BPF-Datei ase - propagtion at x=, y=1.bp
| base - propagtion at x=4, y=1.bpf
|| base, all xat y=10.bpf  BPF-Datei || base - prapagtion at x=3, y=1.bpf
= = | base - propagtion at x=2, y=1.bpf
\
| base.pvf PVF-Diatei | base - propagtion at x=1, y=1.bpf
|7 base.pyf

Fig. 2.4: File structure in the parameter variation dialog (left) without and (right) with individual propagation

saved.

Each individual propagation can also be saved by combining the “save to file” option
with the “write file” option in the general setup for the propagation parameter outside
this dialog.

Set z=0
Set propagation position to zero.
include noise (deprecated, you should use the parameter variation tool)

Starts a propagation multiple times by adding specific noise sources on the initial pulse.
The number of propagation is given by “Number of simulations”.

- input phenomenological quantum noise:

one photon with random phase is added
per frequency intervall

Number of simulations 128
input energy fluctuations 0 o,
- shot noise (each time intervall): Poisson
input phenomenological quantum noise
nOISG on eaCh temporal datapoint shot noise (each time intervall)

shot noise (total energy)

- shot noise overall energy: poisson noise po—
variation of the pulse energy L )

14
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If the option “save last slice in bpf” is chosen, the result of each propagation is saved in
a file for further processing and analysis, see menu “postprocessing”. In combination
with the usual “write file” option, each full propagation is saved in a file array.

Plotter

The plotter allows to plot the measurement results in a more customized way. The x and
y axis can be scripted and the design in detail configured.

x-axis y-1 y-2 y-3 y-4 y-5 y-6 y-7 lefty-axis right y-axis Appearance

VTS data Line
vl y= e o
datapoints: il width 1.5px ~ style Line ~ B
IDs MO - Position.index ~ 0 0
lis left axis from to Marker
is right axis forward || backward || al vishow ine|l| - fi|[] - | size

Label:  :asured with fiberdesk

—O— measured with fiberdesk

energy / nl

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2

distance / m

redraw simple graph - L, loadPlet ~ | L, SavePlot ~ Copy BMP Zoom Out Save BMP Copy ASCII

Compress

-

Minimizes the autocorrelation FWHM by a linear propagation (dispersion only) using the
dispersion values given in the dialog.

Initial Parameter X

Initial Stepsize | 0.05 m
wavelength 1060
Betaz 0.2 ps2/m
Beta3 0 ps3/m
Betad 0

Grating Prism pair:
Compressor F18

- J

15
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2.3 Manipulation

Main Manipulation Postprocessing Multi-Element Propagation View Windows
% double temporal window by replica addition 4} double spec jx jx §>\ VQ‘ A Broadening
;ﬂ% double temporal window by zero filling "'ﬂL half spec S - shift
" zero zero outside  zero  zero  zero
4 ‘¢ half temporal window selection imag real phase
Data array resolution selected data in current view Misc

2.3.1. Data array resolution
double temporal window by replica addition

Doubles the number of points by increasing the temporal range and copies the field to
that areas. Resets the selection as well.

double temporal window by zero filling

Doubles the number of points by increasing the temporal range and set the new
datapoints to zero. Resets the selection as well.

Half temporal window
Halfs the temporal windows symmetrically.

Doubles the number of points by increasing the spectral range. Resets the selection as
well.

Double / half spec

Doubles / Halfs the number of points by decreasing the spectral range. Resets the
selection as well.

2.3.2. selected datain current view

Zero

Set field to zero for all data points inside the selection.
Zero outside selection

Set field to zero for all data points outside the selection.
Zero phase /real/imag

Set values to zero in the whole selection.

Panel: Misc

exchange fields

If two fields are used, its content is exchanged.

merge fields

16




If two fields are used, its content is merged in the first field.

2.3.3. Misc
shift

Allows to shift the field in time.

time shift I

17
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2.4 Postprocessing

Main Manipulation Postprocessing Multi-Element Propagation View Windows
o 4 + A
single AVl ASCIl Python average average min/ coherence RF average coherence  measurement
slice Movie matrix intensity fields  max spectrum  Spectrumvs.z  vs.z of BPF file
Load Conversion to ... evaluation from BPF file evaluation

2.4.1. Panel: Load
single slice

Reload a previously saved slice from a beam propagation file. Choose the slice number
by using the following slider control or manually type the requested slice:

1l ) I of 101 reload

propagation

During this slice selection, every view control (e.g. data selection and zoom) can be
used. Use this function in prior to following visual post-procession tools (e.g. movie
creation) or to check the slice from a long term propagation.

Reload propagation to recreate 2D propagation views.

Panel: Conversion to ...

AVI movie

The movie is created by using the current view. The following steps have to be done:
Select a previously saved propagation file.

Using the AVI creation dialog, one can specify the number of frames per second and an
end delay, which shows the last frame for that time.

If the propagation is longer than required for the AVI use the option “force to stop at”.

If a specific temporal window is given, the current selection is overwritten and the
values of the dialog are used. This can be used to create an artificial co-moving time
frame.

Choose a name for the AVI file, and then press OK to accept the settings. After the first
screen is saved to the AVI file, select a compression scheme. The recommended
scheme is “MS Video 1”.

18
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AVI Record Options ®

frames per second | 10 1fs frames
end delay | 4 seC  |ength EI sec

Videokomprimierung

Force to use the following temporal window

OK il

Volle Einzelbilder funkomprimie v

R Cinepak Codec by Radius
sert  fom |2 | |2 ps Intel 4:2-0 Video V2 50
Intel Indec(R) Video R3.2
end from | -12 | ps to | 12 | ps Intel YUV Codec
Microsoft RLE
Filename: | fiberdesk | .avi Microsoft H.263 Video Codec
Microsoft H.261 Video Codec
Microsoft MPEG-4 Video Codec V'
] Microsoft MPEG-4 Video Codec V]

Volle Einzelbilder (unkomprimiert)

[ OK. ] [ Cancel

ASCII matrix

Chose a previously saved propagation file. An ASCII copy of the temporal or spectral
evolution is copied to the clipboard for further processing in other softwares, e.g.
ORIGIN™. In the corresponding dialog, please chose the content, which is to copy and
the dimensions of the ASCII matrix. Choose “normalize each slice” to do so.

Matrix Properties )
Matrix
@ spectrum nm
e [0 |
from | 927.7 nm to | 1158 nm m
dimy 101
() spectrum THz

normalize

i Jwe w[m1 ] s

O pulse

Cancel

2.4.2. Panel: Noise evaluation
mean and variance

Especially, if the propagation file contains data from the noise variation simulation, this
function helps you to calculate the mean (average value) and the variance of the data.
Decide if the spectrum or temporal field should be used for the evaluation. The result is
copied to the clipboard in a three-column ASCII format.

FiberDesk

\.‘.‘p Use spectral instead of tempaoral information ?

[ Ja | [ Mein ] [ Abbrechen

min/max
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The minimum and maximum values in the spectral or temporal domain are calculated
from a previously saved propagation file. The result is copied to the clipboard in an
ASCII format.

coherence

Calculates the coherence (see [4]) from a single propagation file according to the

(E/ (/1)E )
I \E e af)

(
following equation: |g12(,1)

RF spectrum

Calculates the radio frequency spectrum of a series of pulses S; by taking the Fourier
transform of the array |Si|2. The temporal spacing ti.4-ti is given by the current repetition
rate setting fg, thus, the radio frequency range is —fr/2...fr/2. The result is copied to the
clipboard in ASCII format.

<RIN>vs. z

Calculates the average relative intensity noise (RIN) along a previously saved
propagation distance. A number of propagation files are required for this function. Each
propagation file contains a single propagation. The propagations just differ in their noise
properties.

<Spectrum>vs. z

Calculates the average spectrum along a previously saved propagation distance. A
number of propagation files are required for this function. Each propagation file
contains a single propagation. The propagations just differ in their noise properties.

coherencevs. z

Calculates the coherence along a previously saved propagation distance. A number of
propagation files are required for this function. Each propagation file contains a single
propagation. The propagations just differ in their noise properties.

Panel: Misc
Measurement of BPF file

This function measures all values along a previously calculated and saved propagation
file (*.bpf).
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2.5 Multi-Element Propagation

File Main Manipulation Postprocessing Multi-Element Propagation View Wir
7o £ =
B LT TR RRRX
o [==]
Start  Parameter Save fiber dec oc sam  Element Element Element Element Element
Loop Variation single loop v v v N 5v 6 7 av 9v
Propagation Propagate ‘fiber’
5 Assign propagation file to element
Propagation param... v X
Unassign
D lcad = [E]Save Load ‘fiber’
-
Save ‘fiber'

‘@ standard propagation
¥ use in forward loop

general update after forward propagation

(Catial{Toe parametars save field to BPF after forward propagation 'm

+ measure and parse
P 100 use in backward loop
| write file

waveguide

I 00 . R ’
o= Ym 1 (Ms) center wavelenath = 1.060 um

Within this category previously saved propagation files can be assigned to a button (in
the Element Container) for fast (or often required) propagations. Additionally, all
propagation files can be used in a loop in “forward” and “forward and backward”
direction. One can also directly load and save the assigned propagation parameter file.
Use this panel for e.g. simulating short pulse resonators.

The buttons icon is changed to represent the possible usage:
Phv
v

Upper row:

e forward propagation,
e update after forward propagation

e save field after forward propagation
Lower row:

e backward propagation,
e update after backward propagation

e save field after backward propagation

2.5.1. Panel: Propagation

Start Loop
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Executes the loop propagation, type the number of loops and start by pressing “OK”.
The options “write to a propagation file” and “measure values” are switched off during a
loop propagation. After each round trip the field can be saved to a *.bpfx file with the
option “write slice to bpf file”.

Loop propagation X

Setup

(maximum) number of loops 100

hint: zero for just a single propagation of all elements

Base filename: (element and loop information will be added)

multi-element-file.bpfx

consider only a limited number of loops 100

|
for writing data: B
Automatic stop of loop condition
| stop if converged minimum change = 1e-06
]

g' % for at least 100 loops
So-

Star

Loop

save single loop

The propagation within one roundtrip can be saved to a file by using this panel entry. The
corresponding dialog resembles the loop structure and one has to specify the slices
belonging to each segment.

Save single roundtrip to file

elem.. usei. usei.. propagation filename distance frames new frames

1 1 fiber 1.00 100 100
2 2 dc 1.00 100 100
3 |3 oc 0.00 1 1
4 4 sam 0.00 1 1

0

§ K
? ‘{P 1 sum of slices including initial field (+1): 203
Adapt the frame number to your needs and save the whole
. Save propagation through all elements to a single file: Save to BPF file >>
single loop

L. J
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2.6 View
= = A
File Main Manipulation Postprocessing Multi-Element Propagation View Windows
D ] DD [ Calibri N | show text panel E OO o 6 ‘ ‘
o
] (I} A Select here or in the properties | ~ 00O =
single on top of side-by-side four Text panel  View white color grey black focused
each other options  Setup
Arrangement Graphs Text Panel App Look

This manages the configuration and presentation of the view.

However, the main setup is done using tha attached window “View Properties”
described in the next section.

2.6.1. Panel: Arrangement

Select between one and four views simultaneous on the screen as indicated by the
icons.

2.6.2. Panel: Font

You can choose to display different main fonts and its relative size.

Panel: Text

Select “Text Panel” to show a summary of the main variables, like distance and energy.
Text Panel options

Select the information that should be shown in the “Text Panel”.

View Setup

Set up the measured variables for each view and other details.

2.7 Attached Windows

=
= = A

File Main Manipulation Postprocessing Multi-Element Propagation View Windows
¥ Message Output v Measurements  |¥|View Properties

¥|Propagation Parameter v Watch

Docking Control Bars

Each docking control bars can be switched on or off using the windows category. They
are described in the following:
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2.7.1. Propagation parameter

The propagation parameter window shows most parameters required to setup your
simulation and are related to the equations that are numerically solved.

There are six different propagation methods available: “standard fiber”, “saturable
absorber”, “pulse injection”, “custom filter”, “rate equation gain”, “polarization
manipulation” and “nonlinear loop mirror”. They can be chosen within the propagation
parameter window, see next figure.

Propagation parameter X
7 load = Hsave =
“Qy standard propagation
general
define free parameters
measure and parse 100 =
write file
waveguide
loss 0.0 «~ 1/m
gain 0 - 1/m
de diamet: 10.0 - .
e o Propagation parameter x
gamma  0.0024150943 1/(W m)
effacts 7 load = ] save «
] dispersion
w SERI/ATRA “Q standard propagation  ~
O Raman
O self-steepening ] 5"‘) standard propagation
O LLE A\ saturable absorber
- ’%\ pulse injection >
numerics
steps iy < S custom filter
stepsize 001 m
/& rate equation gain
distance 10 v m - 1/m
adaptive  1o5 . . %, field manipulation
local error © pLesets: d 1/m
A polarization element
*  um
fo nonlinear loop mirror 1/ m)
m

Standard Propagation
This propagation is based on solving the nonlinear Schroédinger equation. If all effects

are considered, it has the following form:

OA a (o)~ —ioT Ak ' ( ' a j w 2
Lo ZA+ [ 22 A e M dw+ Y B, — —A+iy-| 1+it,,, — | AT) [Ri)AT-7)['d
82 2 __[0 2 ( ) ;ﬂn n! a—,—n }/ Tshock aT ()_J; (T)| ( Z—)| T 2,1

24




4’/\‘\
MAM - _MAL PO -‘f \ AR

fiberdesk

nonlinear pulse propagation

The normalized functional form R(t) includes the vibrational contribution of the delayed
Raman responds to a fraction of fg and the instantaneous electronical contribution to a
fraction of (1-fg).

R(@) = (A= fr)6(0) + frhg ()
The shock term is described by a single time scale Tshock, Which is defined as [6]:

r ompagp L 1 dny(o)| | 1 dA,(o)
shock — *0 A a)o neff dw Aeff do
) @y

The parameter 1. can be changed in the “self-steepening” dialog, see below.

To change the parameters in this equation, the propagation parameter window is
usually used.

There you can directly edit the following parameters as they appear directly or indirectly:

linear loss / gain
waveguide

loss 00 1/m

gain 0 - 1/m

e in[1/m]or[dB/m], Click on the unit to change it.

e Click the button [gain] to choose:
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steady state gain (long pulses to cw)
E
saturate gain with Esat = | 19 ] g= gg/(l A )
Esat

profile

gain profile add second peak

Center 1060 nm  Width 40 nm Center 1060 nm  Width 40 nm

shape const v shape const v

ratio of second to first peak (set to zero for only one peak): 0
user defined gain file
use ASCII file for gain profile given in g(1/m) vs. wavelength (separator
TAB)
file ...
temporal gain saturation (pulses shorter than population relaxation time)
use temporal gain saturation instead of steady state gain and profiles, with
T
saturation fluence F 30 J/em? 1
= 2 3 =
9(T) = goexp| — % [A@)[*dt | with Esqe=FAcg
sat
-0
J

-

gain profile: The gain profile can also be an addition of two different profiles.

The profiles have the following analytical forms, which are normalized and multiplied by
the gain value. The parameters are converted to frequency domain for the calculation

(center wavelength~ v., width~Av).

Lorentz 1 Av
T AV +(V-V,)

Parabolic 2
I-Z(V vc)
Positive values of Av
N-th order Gauss 2\V
4-1n(2) M
(supergauss2: N=2...) Av
Asymmetric sech (reverse frequency axis cosh V-V B
for Asymmetric Lorentz) v<le: 0.45-Av/2.041475

( 2|v-v,| J
_l_
popc: | 0.55:3.5-Av
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Select a gain profile from file, an ASCII file, created by yourself in a separated dialog.

The ASCII file has to have the structure: <wavelength in nm> [TAB] <positive gainin 1/m>,
e.g.

1000 0
1010 0.5
1020 0.6
1030 0.4
1040 0

e [tincludes setting total gain saturation — check this to simulate gain saturation
effects.

e Alternatively, choose temp gain saturation — check this to approximately
simulate the temporal gain saturation effects meaning that the front depletes
the gain and is amplified more than the pulse trail. This can be observed for long
pulses with a pulse energy close to the saturation energy of the fiber Esat,
which is calculated automatically (for details see [2]).

[ ]
MFD

mode diameter 100 ~  um

e Sets the mode field diameter of the propagation mode in [um]. Itis used to
calculate the nonlinear coefficient g by y=w/c*ny/Ae with Aer=t*MFD. Also it
determines the saturation energy E..: (see also [temp gain sat] below and [2]).
The parameter n, can be changed in the “fiber parameter” dialog. For an
advanced setup, especially using the mode diameter setup for simultaneous
Gauss BPM simulation, see below.

Gauss Beam Propagation (Multi-Pass-Cell)

mode diameter 100 ~  um using BPM M

converts to if selected

e clickthe “mode diameter button” to access the dialog. See tutorial on Multi-
Pass-Cell for more information.
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10.0

v|beam propagation (focal, multi-pas... v include nonlinear focusi... eigenmode

input beam diameter  0.00124837 v [¥m 1300

— linear — nonlinear (approx.)

phase front curvature R

(inf=fat) m

1250
Use initial focusing
1200
initial focal length: 2.0
1150
distance to next focusing | 3.0
1100
Cavity

focal length (f=R/2): 1.0 ' m

beam diameter (um)

distance: 1.0 v |Em 1000
number of passes 8

osition (m
- P (m)

OK Cancel

\ J

SPM
e checkthisto use the SPMterm in the NLSE.

If the shock term is not used (self-steepening), the algorithm to solve the
nonlinear Schrodinger equation needs to know, what the field center frequency
is, as it might be different to the data array center (spectral grid shift > see
“Create Pulse Dialog” where you can offset the wavelength compared to the
array center wavelength).

self phase modulation / two photon absorption term

94

5. =i = fRIAMIPAT)
Y= %:—; and A = 7 MFD?

n2 3.2e-20 + | m2jw

without shock term (self-steepening), calculate gamma by:

v/ use pulse create wavelength 1060 nm

use fixed wavelength: 1060 nm
AR 0.15 -
TPA 0 - mw

saturate SPM

saturation power | 1.0 GW/cm?
l:] use SPM and TPA D exclude SPM
S J

self steepening

e checkthis to simulate the self-steepening effect.
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e itincludes the (linear) dependence of the effective area with wavelength though
an additional shock term, please see Ref. 6 for details.

term self steepening

dA

1
Tshock = To + T4 = o -
0

v use self steepening term

a [ee]
o= iy(l + irsmkﬁ) (A(T) fR(r)IA(T —T)Izdr)

additional shock time 0.0 fs

—oo

1 dng(w) _[ 1 dAg(w)

Ef dw A dw

wq

x exclude self steepening

Raman response

e checkthis to simulate the delayed Raman response.

e The dialog allows for a detailed setup of the function h(t) or scripting your own.

term delayed Raman respanse

BE+13
5E+13
AE+13
3E+13
2E+13

hR (1/s)

1E+13

13E13
8E-14 n
3E-14

-2E-14

gR (m/W)

0 T
-1E+13 I

26413
2

TE-14

000 -1000 o
tt (fs)

aA

fR 0.15 hR(t) =  StepT(t)*((12.272+32

L=t iy (1+ ok 37) (A [, REIA(T = 1)2d) with R(z) = (1= [p)5(6) + fha(C)

-1.261

f(THz)

072)/12.2/32.0" 2%exp(-t/32.0)*sin(t/12.2)) 1fs

n2 3.2e20

=

mW

= exclude term

salact

conwolute with current spactrum

steps, stepsize, distance

e Setthe distance to propagate and the corresponding stepsize by these values.
It determines the accuracy of the Split-Step algorithm. Even if the adaptive step
size option help to avoid numerical errors, decrease the
step size to ensure the numerical result. steps w0 -

stepsize 0.01 m

numerics

stepsize adaption

distance 10 + m

e Options: none/rough/normal/precise/accurate — This
determines the adaptive stepsize control by means of the
local error. The stepsize is reduced until the local error is
below the given value. The smallest stepsize is 1 ym and therefor the highest
precision used by the software. Set the stepsize adaption to “none” to control
stepsizes smallerthan 1 um.

adaptive 1.5

v  presets: v
local error
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Measure and parse

e Select this option to measure and parse strings that you might have set variable
during propagation. It will reinitialize the parameter of the NLSE. Set also the

number of how many times you want to update general
these during the propagation. e
write file v measure and parse

100 >

Select this option to write a specific number of slices write file

of the propagation to a propagation file (*.bpfx). Use
this to write files that are required for most post-processing functions. If no
filename is given, a fallback filename in the %APPDATA% directory is taken.

There are also several dialogs available to change additional parameters:
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Dispersion
e ischanged inthe “Dispersion dialog” by using the following options:

. X

=n+l n beta 0
o4 i 0 00
— S’ E ﬁniinA beta 1
|
oz > n! oT beta 2 T % B e
=
) £
‘ E
ispersion model c 0
> 60 800 1000 1200 1400 1600 1800 2000 2200 2400
¥ Taylor expansion series 8
Sellmeier cosfficients Setup >> o so
photonic crystal fiver
gas-filled silica-hellow core fiber -100 /
force retarded time frame (beta0=beta1=0) Wavelength (nm)
v Use dispersion ‘ x do not use dispersion aucy min 100 max 100 auox min 500 max 2400

e Taylor expansion series

It is specified by the coefficients B, according to the following equation (Taylor series
expansion):

Plw)= ”eﬂ(a’)% =5 +ﬂ1(w_a’o)+%/32(w_a’o)2 +%ﬂ3(w_wo)3-“

Dispersion Setup x
Ty i @ 1060 — predefined more ...

Betal 0 ps/m | compensate at: 800 nm

Beta2 -0.01185 pea/m D 19.8658517912 ps/(nmi*km)

Beta3 7.995¢5 | he3/m s 0.187213 ps/(nm2*km)

Betad -1.00392e-07

Trust region

Beta5 1.21005e-10 from 0 Am to 20000 nm
Betab 4,0347¢-14

Beta7 0

Beta 0

Betad 0
Betal0 0 force retarded time frame (beta0=beta1=0)
Betall o
Betal2 0
Betal3 0
Betal4 o

copy dispersion
{l /) J} 2/m])
grating compressor >> Save ([nm],D{ps/nm/km],b2[ps?/m])
copy beta2 + group delay
oK Cancel Load [nm],b2 [ps?/m], GD[ps/m]

The center wavelength/frequency of this Taylor series expansion w, is also required.
Specify a trust region. It determines in which wavelength range the Taylor series
generates values, which are physically right. Outside this region, the dispersion is set to
zero. If the range is set to zero, the full range is used for evaluating the Taylor series.

Additionally, it is possible to select several fibers from the pre-settings as well as to save
or load the dispersion settings.

Automatically, the parameters of 3, and 3; are converted to the dispersion parameter D
and its slope S=dD/dA\ according to:
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2mc

DZ_?ﬁz
20° »*
S__(27zc)2 P " om)y P

If the center wavelength of the current spectral domain does not correspond to the
Taylor series expansion wavelength of the dispersion, the Taylor series is automatically
recalculated (internal). During this operation, a group delay (and fast varying amplitude
due to the offset frequency) usually appears at the center wavelength of the pulse. To
compensate for that, the option “always use retarded time frame” is used to set both
values to zero (Bo"™"=B+"**=0). Thus, the retarded time frame is always at the center
wavelength of the spectral domain and the most slowly varying amplitude envelope is
used.

e grating compressor

e Inthe Taylor series expansion el £
. . . . groove 1250 ' lines/mn
dialog, the dispersion of a typical s o] o e
grating compressor in single pass wavsengn | 90 o o 7 \g
can be calculated. The drawing in ciacknonter (S L
. . o angle of 41.4908 littrow mirm\ :
the dlalog Vlsuallzes the angle of diffraction 41.490833 *
parameters (m = diffraction order). N B v
beta? -7.84085711788394 psim
e Thedispersionis calculated beta3 0.033945904291700 pstm
accordlngto' bela4 -0.00023749118394: ps”4/m Cance

. . A
sin(a,) +sin(a;) =m—
(a.)+sin(a;) =m—

B, :_lmz (2%)2 1

cw A cos(, )?

. 1 m 2mc sin(a,)
=-3 with =
p==3ht / o o A cos(a,)’

~ ) Lmi (21
ﬂ4_ﬂ2[12f +3w4( A) COS(O(C)4J

o fused silica photonic crystal fiber: By specifying the hole to hole distance
(pitch) and the hole diameter, the dispersion of a one missing hole solid core
photonic crystal fiber can be used. The background material is assumed to be
fused silica. Please see [3] for details.
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PCF Parameter 5
pitch L m pm Matenal dispersion
hole diameter d 05 pm By 22 B2 B3A?
n= A+ o—t it —
A ar (ot -G ¥-C -G
Get V over lambdalpitch=0..2 predefined material: more.
d Get n_eff over lambda/pitch=0.2 A
Get Dlps/nm/km) over lambda/L=0.2

B1 0696166 7 =
C1 000467915 e
B2 0.407943 ca 00135121 e
o g3 0897479 c3 97934 e

e Sellmeier coefficients

e The well-known Sellmeier coefficients can also be used to describe the
dispersion of a material. Several predefined materials are available. Please take
a look at http://refractiveindex.info for more material data.

e Please also keep in mind that there are other definitions of the sellmeier
equation, which might explain differences for coefficients.

Dielectric dispersive medium X

|y, BB B By
n= Z_c, TR —c, -

predefined more... v
A 1
B1 0.696166 c1  0.00467915 m2
B2 0.407943 cz2 0.0135121 um?
g3 0.897479 c3 97.934 pm2
OK
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Rate Equation gain

The propagation solves the NLSE similarly to “standard fiber” but includes the gain by
solving the stationary rate equations. This can be used to model cw and quasi-cw
amplification including ASE.

Background: The theoretical description of the laser process in fiber amplifiers is done
by combining the local rate equation for the laser process and the power flow
(propagation equation) for the fields along the fiber. They have been developed to
predict and optimize Erbium-doped fiber amplifiers used for telecommunication
application [7].

The local rate equation describes the dynamic of the emission and absorption
processes of the rare earth ion within its host material by using its spectroscopic
properties. A simple model for the energy level system for the Ytterbium-ion is shown in
Figure 2.1 and shows some of the most important emission and absorption lines, which
result from the Stark splitting of the upper and lower energy lines. It has been argued
that for Erbium and Ytterbium fibers, a reduced two level model for the emission and
absorption process can be used so that the effective emission and absorption cross
section include the population density and cross section values [7, 8]. As an example,
the effective cross sections of a typical Yb-doped fiber is shown in Figure 2.2.

cm-’
g 11630

2
F5/2 = f 11000
Y e 10260

976 nm
1035 nm
910 nm 1087 nm
d 1490
2F — c 1060
v
72 b 600
v

a 0

Figure 2.1: Energy level model for Ytterbium-ion in fused silica.
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30

emission
absorption

25 4

20 4

154

101

54

- -25 2
cross section/ 10" m

0 T T T T T T T T v T T
850 900 950 1000 1050 1100 1150
wavelength / nm

Figure 2.2: Typical emission and absorption cross section of an Yb-doped fiber.

The approximated system used in fiberdesk leads to the following equations for the
forward (+) and backward (-) propagating signal (S) and pump powers (P) including
spontaneous emission (SE)?

+
dPS—/P

S/P — S/P
= [S/P (x0on Ny F a3y Ny + asp) P + SEg

abs

. 2.2
with

SE¢= +2-hv-Av-o,N,

where the total ion density no=n;+n; is the sum of upper and lower population density
and a s is an additional loss (background loss) for the fields. It is assumed that the
pump absorption can be described by a simple overlap factor I',, which is the ratio of

doped core area to pump core area. The upper population density for steady-state
conditions is

k k
Oabs 1k p (Z)
Zk:S’P hvk r AC 2.3
ny(z) = ng K X X
5 Tios + 0l 1 PE(2) | 1
k=s,p hvk AC

with 7as the upper state lifetime and the total power at a given position P(z)=P*(z)+P (z).
The inversion level is defined as ny/ny. The solution of Eq. 2.2 and 2.3 and can be made

2 for the signal only
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for fiber amplifier but also for laser, if the boundary conditions at the laser mirrors
(typically z=0, L) are included in the description for forward and backward propagating

fields.

For ultra-short pulse propagation, the rate equations are combined with the nonlinear
Schrédinger equation (Eq. 2.1) by calculation the spectral gain g(w,z)=dP(w)/dz*1/P(w)
with the results of the rate equation and then propagating the NLSE with that gain.
However, the spontaneous term is added to the complex field by photons of random

phase in that case.

In the main dialog, all parameters are set in various tabbed property pages including:

e Numerics

23668425 100 9760
23660425 00 760
23669425 00 7.0

23669425 00

i
0 76.0
0 76.0
0 76.0
0 7.0
0 76.0

9760
23669425 00 76,0

400.0 | pm

smat signal
B wavelengl absompion

23660425

23665425

23665425

23660425

23663425

’ w2
= g
I e Ontput Feld .

ol o AN,
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e Doping, with its sub-menu for cross section setup. There, the cross sections
can be included using a simple multi-Gaussian peak fit.

numerics pump signal RE-doping mirrors

= o g ML M2 avatabe fibes .- 5
Mot matern 20 g I
denssy  3S2B6106MNNNN e S
. cross sechions:
womicmass M u
L furescencs 85| ma
Core
doped care 0.1 pm

Emission Absorpiion
cross seciion Center (nm) Widih (nm) | cross section Center (nm) Width (nm)
(1e27m) (1e27m
2325 975 4 180 950 70
160 978 12 360 895 24
340 1025 20 510 918 22
175 1050 60 160 971 12
150 1030 20 2325 975 4
g g g C g C 0.840 0.910 0.980 1.050 1.120 1.190
0 0 0 0 0 0 Wavelength (um)
0 0 0 0 o 0

Load Save Copy To Clipboard (ASCI)
o o o o o o

select cross sections .. v ‘ oK ‘ Cancel

The equation for the cross-section fitis:

o(v) = Z o'je_%(vzso)z

J

With v as the frequency, v, the center frequency of the cross-section peak, both
expressed as wavelength (v =c/A) as well as Av given by

Av =1.0/(2*sqrt(2.0 * log(2))*|c/(vy+AL/2)-c/(vy- AN /2)]
e where AL\ is the FWHM of the contributing peak.

e Mirrors
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After propagation, the total powers and inversion can be accessed in the “main“ section,
“propagation”->"RE Results”.

Results x
display forward
gain min max
2000 - 60
pump | 251 dB/m | 0.00957 w 1000 w (g -
sgndl | v 1625 dB/m 1w 1786 W [f -
50
display backward 1500
gain min max Lo =
pump | [ 2522 dB/m | 000904 woo w0 - §" &
sgndl | 0 dB/m ow  oowiwl- = 5
T 1000 rao 2
i i
e = g
power 2 >
fao E
500 -
10
Chatt
legend [Joveday [Imarkers [labels o T T T T T T T T T 0
o 2 4 6 8 10 12 14 16 18 20
e

The options “live” is disabled during the calculation. However, you can “write to a
propagation file” and measure or display afterwards (“Post Processing”).
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Saturable Absorber

You can choose between instantaneous saturation and a saturable element.

Saturable Loss

unsaturated reflectivity R0 | 60.0 %

saturable reflactivity dR | 30.0

Fast saturable loss

Ppy!
R=R0+AR1—(1+ )
Pyac

Fast saturable absorber with roll-off

L (TP
R = Ry + AR - sin? (EF_A+¢U)

+ saturable absorber mirror with time constant temporal response T1 0.2 ps

du P d-u)—— saturation fluence  80.0 Lfem?
dt A Fyg T focal spot 10,0 pm
R=Ro+AR-u saturation energy  0.062831852 nl

saturable abscrber mirror with two photon absorption

_j.?‘F>d

F, F, _Fy .
R:RD+AR-(1—‘TM+%e /,-m) -

P

L J

The first action of this element is to center the field temporally.

You can choose between an instantaneous saturation and a saturable element with a
saturation that is decaying with a specific time constant.

All models change the field according to an intensity or peak power depending
reflectivity® R changing the existing field envelope Aj, to the reflected output field Ao

Aoyt = R A
With the unit of A being J¥2 the peak power Pp for each datapoint of the field is obtained by
division to the dwell time 74w (time between the temporal field datapoints)
Pp = |A(T)I?/Taw
Usually, there is a reflectance Ro, which cannot be saturated and is the reflectance at
low power levels. The saturable reflectance 4R (also called modulation depth) depends

on peak power and might be time dependent. R, and 4R do not need to add up to 100%
because the saturable absorption might not be completely saturable.

Here are the models implemented in fiberdesk:

Fast Saturable Absorber

3R can also be the transmission, the models apply accordingly
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The reflectance of the first model is an instantaneous saturation according to:

-1
Pp

R:R0+AR<1—(1+ ) )
Psat

Time depending saturable absorber with one time constant

The time dependent saturable absorbtion modifies the field according to the following
excitation equation and the resulting reflectivity

du P u
— = (1-u) - —
dt A'Fsat Tl

where u(t) is a dimensionless excitation level of the saturable absorber between 0
(unexcited) and 1 (fully saturated). Furthermore, A is the effective beam area on the
saturable absorber and F..: the saturation fluence in J/Jcm? The recovery time of the
absorberis T;.

The unsaturable and saturable reflectivity can be controlled directly in the dialog. The
saturation energy Es. is controlled by controlling the focal spot and the saturation
fluence (as known from semiconductor saturable absorber mirrors).

Fast saturable absorber with roll-off

The model has a sin® behaviour so that for a peak power above PA the reflectivity drops.
.2 T[PP
R = Ry + AR - sin (———I—(po)
2P,

Saturable absorber with two-photon absorption

The last model is using a saturation fluence and values for two photon absorption that
lets the reflectivity saturate®. It takes the pulse duration (rms measurement of the fields
duration times 2.355°) as t,. The total energy of the field is E so that the fluence Fis E/A.
Fsat n Fsat e_F/Fsat) _ ﬁ . F . d
F F t

R:R0+AR-(1—
p

4 https://www.batop.de/products/laser/fiber-laser/data-sheet/ps-fiber-laser-evaluation-
kit_ PSFL1030.pdf, downloaded 07.10.2025
5 This is the conversion of the rms value to the FWHM assuming a Gaussian pulse shape
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Pulse Injection

This method adds a pulse to the current data array, causing
interference with the existing field. You must set a transmission
parameter and phase.

The parameters can vary randomly based on the uncertainty
parameter set in the setup dialog.

Tip: For an interference-free pulse, use multi-element
propagation. You can either add a high loss before this element
to zero out the existing array and then inject a pulse, or achieve
absolute zero by multiplying with zero using "manipulation”
propagation.

Custom Filter

fiberdesk

nonlinear pulse propagation

This allows to select an ASCII file with a custom

defined transmiSSion T((,O) for the Spectral intensity ({wavelength in nm TAB multiplier intensity TAB additional phase)

and an additional spectral phase ¢(w). It is combined

pulse injection (by adding to current array) e
E_0 - existing field in data transmission T 500  + g
E_in - defined
E_out - interfering phase phi 0 0.0 - rad
Type Gauss
FWHH 01 - ps 4 0 e
Tempshit =~ 0.0 -  ps /- 0 ps
wavelength  1060.C « ' nm 4f. [
chirp | 90 - g2 4 0 g2
energy | 1e9 - ) 4 0
‘ oK Cancel zero deviations
L
custom filter ==
custom filter from ASCII file
Ci\Wsers\Schreiber \Desktop\filter. txt

with the spectral field amplitude as follows:

A(@) > T(@) - A(w)-e"

The ASCII file has to contain three columns with the values of the wavelength in nm, the
transmission T and the phase in rad. The values have to be separated by “TAB” or “,”.

The imported data are displayed in the main view (normalized).

Spectrum : spec. FWHM.wi=2.955 nm

1.40 =]
1.20

1.00

0.80

0.60

0.40

0.20

0.00 : ‘ ‘ ‘

T
1.540 1.550 1.560 1.570 1.580

Power [kW ps?]

Wavelength [um]
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Nonlinear Loop Mirror

This allows to define a nonlinear loop mirror consisting of several elements that are
previously saved as ppfx files. The current field is the input and the output is the
coherent superposition of the results of the left and right clockwise propagating field.

If you need to setup a non-reciprocal element, use it only either in cw or ccw direction.

See tutorial 8 for details and examples.

Dialog X
2nd output
in p Ul —
coupler
Output —
2nd input =———
non-reciprocal? select if to use in clockwise and/or
transfer parameter counter clockwise propagation
variation to element ow cew
yes, to element 1 select >> v v
yes, to element 2 select >> v v
yes, to element 3 select >> v v
yes, to element 4 select >> v v
yes, to element 5 select >> v &
output field
v| use output port use 2nd output port (same as input)
both only possible with second field enabled, then first field output will be the input port
cancel R= 05 ~ | with05=50:50
A vy
42

MM M‘LA, P ,/\,..f\/”\.



2.7.2. Measurements

The current dataarray is analysed almost after each
modification. The results are displayed in this separate
window. S| units are used. The description is usually
intuitive and displayed in the bottom of the windows when
clicked on a specific measurement. To keep it short, here is
a description for some of the values:

e datapoints — number of datapoints in current data
array

e position—current propagation position

e FWHM - full width at half maximum

e rms-root mean square (second momentum)

e ac.-values belonging to the autocorrelation

e pulse.-values belonging to the temporal field
intensity

e spec. —values belonging to the spectral field
intensity

e theory. - parameters of the current propagation
according to usually used normalization

parameters (change is by “menu->manipulation-
>change T0”)

e t.b. product-time-bandwidth product

e Q-quality factor in time and spectral domain
(FWHM/RMS/2.0) [1]

e (for more information ask webmaster @
fiberdesk.com)

To see a description for other parameters, click the parameter and a description
shown in the information window at the bottom of the control:
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Measurements
user defined measurements >>
Position
| ojindex=0
| 1) current position = 0.000 m
| M2) acoumulated distance = 0.000 m
Data Array
| (M3) datapoints = 256

]  (17) center wavelength = 1.060 ym

Temporal Field

(M12) max-
(M13) paak power = 0.000 W
(M14) peak power = 0.000 W

{M15) peak power = 0.000 W

(M16) paak power

(M78) time-bandwidth product = 0.000

s = 0.000
00 Hz
wadth.m = 0.000 m
adth_rms.m = 0.000 m
ms.Hz = 0.000 Hz

s = 0.000

Autocorrelation

| 26y wiatn = 0.000s
|  M27)widthms = 0.000 s

Beam Propagation
|  M28) diameter = 0.000m

Rate Equation




MM __MAL___,,.,_ D - ,/\'-"\f'\.

fiberdesk

nonlinear pulse propagation

Spectral

(M20) center.offest = 466.866 pm
(M21) number of photons = 0.000
(M22) width.Hz = 0.000 Hz

(M23) width.m = 0.000 m

(M24) width_rms.m = 0.000 m

v

spectral width as second central momentum (deviation) given
in dimensions of a wavelength difference

2.7.3. Measurement graphs

If the measurement is switch on (see propagation parameter window) during
propagation, all measured value from the measurement result window are show with
respect to the propagation distance in the “Graph” window.
general
define free parameters

+| measure and parse 100
write file

Measurement X
Copy ASCIl | Copy BMP || Save BMP | | Zoom Out
logx

pulse.width - log y

1.98E-013 | —
1.78E-013 | L

1.58F-013 - _',/”/

1.386-013 - — —

1.18E-013 e

9.81E014 —— T T E— T T T T T T T T T T T T T T T 1
0.05 01 0.15 02 0.25 03 0.35 0.4 0.45 05 0.55 0.6 0.65 07 0.75 08 0.85 08 0.95 1

Use the buttons on top to copy the content of the current graph to the clipboard in ASCII
or BMP format or save it to a file. Zoom in to the values by moving to mouse onto the
data and click left. Zoom out by the button on top.

2.7.4. Output

Several important information or results of the propagation are displayed in the output
window.
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Qutput

1Welcome to fiberdesk

2duration of last propagation: 43 2175 sec with 4774 steps
3duration of last propagation: 142 237 sec with 1000 steps
4
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2.8 Viewinterface

2.8.1. View

The general view can contain different views of the current electric field: the temporal
field, its Fourier transformation as the spectral field and the autocorrelation. The
number of views can be chosen in the ribbon menu (see ribbon control “View”).

Temporal Field.FWHM width=1.134 ps, Autocorrelation.width=50.989 fs Field Spectralwidth.m=300.414 nm Spectrum

Power / kW

Power / W ps”2

Time / ps Frequency / THz

Temporal Propagation Spectral Propagation

Distance / m
Distance / m

Time / ps Frequency / THz
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The control of the view is done in the view |View Properties £
H H L Load View v L save View
setup pane and is related to the selected view | =" .
. . . . . = %l Search p
(e.g. simply by clicking into the view) In the |* °
bottom of the pane, a description of each | ™ Yiow !
. . . . £ show title [ o]
property item is displayed - click on a specific s
. . . . Type Time
item to read its description. star o) 2000877
stop (ps) 1.999023
data scaling
normalized values on y-axis
logarithmic
auto scale [ o]
from minimum (%) 0.000000
to maximum (%) 100.000000
additional data
show real
show imag
show phase
Misc
text size zoom (%) 100
title space 15
horizontal split top 50
horizontal split bottom 50
vertical split left 50
vertical split right 50
outter space 3
inner space left 3
inner space right 3
inner space top 3
inner space bottom 3
View
Select the view, where properties need to be changed

different measured values displayed in
the view for a quick access.

Time domain measurement diplay

M8Temporal Field.FW ~ M26Autocorrelation.w ~  none ~
If the option “colored wavelength” is e
M21Spectral.width.m ~  none ~  none w

chosen, each wavelength is colored

individually. The colors are controlled
by the options “only VIS” to highlight
the visible wavelength (otherwise the
whole current spectral range is used)
and the option “Fade to white ...” to
choose the colors of the wavelength
that are out of the visible region.

Style

line thickness rectangle thin

line thickness ticks thin

Colour fill

Colored wavelength

Only VIS

~ | Fade to white instead of black

Visualize chirp

resolution 0.2 ps

stretching 0..1 1

Additionally, a fast algorithm s

Cancel

implemented to visualize the temporal
position of the spectral components (chirp).
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2.8.2. Spectrographic content

The spectrographic view shows a spectrally (wavelength) resolved temporal map of the
electric field. This view is well known from the measurement technique of ultrashort

pulse known as frequency resolved optical gating (FROG) [5]. It is calculated by the
following equation:

2

S(t,2) = Iei%re_i(f")z/T;WA(Z,T)dT

If the axis of the spectrum in the normal view is set to any of the frequency axis, the
spectrogram is also calculated in time-frequency domain.

2

S(t,0) = J‘e—ime—z‘(r—r)z/TﬁW A(z,7)dr

—00

Spectrogram
500
p—

400
™~ .”
T
[
~
> 300
g T
s o
@ .
L 200

100

-1.40 -0.70 0.00 0.70 1.40
Time / ps

In the view properties pane, the temporal resolution Tew can be chosen.
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