Tutorial 2 - Supercontinuum, Parameter Variation, Export

A simple nonlinear propagation

Supercontinuum generation
create the field
choose parameters
put result to memory
repeat with higher accuracy
check measurements

(first) Parameter Variation 3, 2

4
4
noise and coherence &
I
Export propagation data

Dispersion and retarded time frame |
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Tutorial 2

Field
. . . T
A simple nonlinear propagation 2501 |
|
Setting up the data array 2 % |
< 1509 [
o I
- : |
from -10 ps .. 10 ps, 512 datapoints S 1.001 |
data array setup | |‘
Size (512 (2°9) 0.507 [
| |
Cl'eate array center wavelength 1030~ % nm 260 | ‘\.‘
New half interval 10 .| 45 ’ 8.0 4.0 0.0 4.0 2.0
vacuum length (full interval) 0.00599584916 Time / ps
fit all parameters to the closest value of the array (v
Type Gauss - . L .
In the frequency domain, the axis is given by the Nyquist theorem View Properties v 2 X
pulse duration (FWHM) 0.35 + | 7 ps (sets spectral width) . . . . 3 =
e 2 o] the wavelength axis can be chosen but will only interpolate to the linear 7 Load View = =l save View =
. . . H oS 4 Search
shese 0+ * e wavelength, the datapoint height (energy content per nm) is not adapted n-P;ﬁEd »
— If the center array wavelength is set to be the same as array, the spectral View
wavelength - nm . x-Axis
center wavelength (default), the spectrum appears in the center of the —— e
2nd order spectral 0 . =+ fs2 d s gth ( pled)
3 .
3rd order 0 - | - fa ata array Spectrum Spectrum
100.0 | m
energy v leS - |00 [\ 700 ;" \
average power 0.0001 Sw 80.01 I\‘ ‘,‘ N 6001 “I\ \‘I
repetition rate 100000 - : Hz cw =5 ‘-“ "\‘ <'8_ 5001 ‘\I‘ ‘\I
S 60.0 [ = 1001 |
scramble spectral phase (random phase) ~ | "‘ z 400 | \
phase diffusion modell with given linewidth o IJ ‘.‘ 5 3001 ‘u‘ “‘
add quantum noise (one photon per spectral node) g 40.04 [ “ b3 | |“
double pulsing o :‘ \ & 200] .“‘ ‘.\
separaon 0 - | ps ma;::llffll;: O 20.07 [ 100] s's I“‘
‘ J \
| create field in data array 1 0.0 . . - . . . 0 T T T T T - T T T -
I 280.0 285.0 290.0 2650 300.0 0.990 1.000 1.010 1.020 1.030 1040 1.050 1.060 1.070
Wavelength / um
- N Frequency / THz
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Tutorial 2

A simple nonlinear propagation
Parameter for the propagation (SPM only, no shock term)

(7 Load w

general

mode diameter

local error

Propagation parameter
HSave v

“Q standard propagation

define free parameters

~| measure and parse 1001
write file
waveguide

loss 0.0 -

gain 0 -

10 .

>

i/m
1i/m

pm

0.0032 1/(W m)

gamma
effects
[l dispersion
w SPM / TPA
O Raman
O self-steepening
O LLE
numerics
steps 100 -
stepsize 0.01| m
distance 1-m
adaptive 1007 . presets:

X

Check that all effects except SPM is switched off

Check the SPM dialog for correct settings
We set the array center to the spectral
center, so this has to apply for the
calculation of y (see next slide)

self phase modulation / two photon absorption term

0A

= =iy (1 fIAMIPAT)

__ Wo N
y==

Aef

and Aegr = %MFDZ

n2 3.2e-20 - | mw

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

E_\\/ﬂulse create wavelength 1030 nﬂ

use fixed wavelength: 800 nm

fR 0 -
TPA 00 - myw

saturate SPM

saturation power | 1.0 GW/cm?

A v

D exclude SPM

Prior to starting, select "Set" within the Main->Memory section.
Once the propagation begins, you will be able to view the outcome
alongside the original field (memory) for comparison.

Set
Recall

Swap

Clear
M+
M_

Memory

vIdisplay

>

Start

Spectrum

150.01

._,
o
o
o

90.04

60.0

Power / W ps”2

30.04

0.0%—
0.990

1.000

1.010

1.020

1.030

1.040 1.050 1.060 1.070

Wavelength / um
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Tutorial 2

A simple nonlinear propagation
Parameter for the propagation

When using a field whose center wavelength differs from the array
center:

The ,,No Shock* Paradox: if you choose not to include ,,self-steepening”
(the shock term) in the numerical solution of the simplified nonlinear
Schrodinger equation, you must specify the frequency of your field. This is
necessary because fiberdesk allows fields to be set away from the array
center (®y # ©¢).

This adjustment is made within the SPM dialog:

effects
] dispersion

0 SPM / TPA

Raman

]
} [] self-steepening ]

d0A ,
3, =t iy(1 = fR)IA(T)|2A(T)

y ==2-2% and A = 5 MFD?

C Aeff

n2 3.2e-20 +  mzw

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

Typically, it can be aligned with the wavelength set in the dialog when
creating a new field. However, if you import a field from an external source,
you may need to define it using a different (fixed) wavelength.

However, if you are using the shock term (self-steepening switched on), this
spectral grid shift does not change the result and no setup is required.

erdesk

v| use pulse create wavelength 800 nm
use fixed wavelength: 800 nm
fR 0 -~
TPA 00« mw
saturate SPM
saturation power | 1.0 GW/cm?

p "y
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Tutorial 2

A simple nonlinear propagation
Parameter for the propagation (SPM only, no shock term)

Pulse Profile and Data Array X
data array setup
Size |8k (2°13) -~

array center wavelength 1030 - : nm
half interval 10« 2 ops
vacuum length (full interval) 0.00599584916 1,

fit all parameters to the closest value of the array v

Type Gauss
pulse duration (FWHM) 0.35 « 7 ps (sets spectral width)
TempShift 0+ Zps
phase 0+ *rad
I wavelength 800 - ° nm same as array l
2nd order spectral 0 .+ =~ fg2
phase v
3rd order 0 .| ~ f3
energy v le9 . : ]
average power 0.0001 tw
repetition rate 100000 : Hz cow

scramble spectral phase (random phase)

phase diffusion modell with given linewidth

add quantum noise (one photon per spectral node)
double pulsing

relative 0

separation 0 - ps magnitude

| create field in data array 1

add field to data array 1

fibec_des‘_.k

nlinear

rof

When using a pulse that is not centered on the array, ensure that the spectral range is covered
with sufficient resolution. In this case, the pulse spectrum is at 800 nm while the array center is
at 1030 nm, with all other parameters remaining unchanged. To adequately cover the spectrum

down to 800 nm, the number of data points must be increased to 8k.
Spectrum

7004
6007
5004
4007
3004

Power / W ps”2

2004 150.07

1007

120.04

1.00 1.50 2.00 2.50 3.00

Wavelength / pm 90.04

Note: If the data array is not set correctly, the spectral position may 60.01
"fold" back into the spectral range, causing the peak to show up atan
incorrect wavelength. In this example, with a size of 1k, the 800 nm 30.01

peak appears around 1100 nm.

Power / W ps”2

Spectrum

By repeating the nonlinear propagation as previously
done, demonstrate the importance of selecting the
appropriate setup in the SPM dialog for calculating y.

Spectrum

700 | 0.0
GUU; | l
snog |
4004 [
300 [

Power / W ps”2

200 |

100 |

0.960 0.990 1.020 1.050 1.080 1.110

Wavelength / um

' use pulse create wavelength 800

0.760 0.770 0.780  0.790 0.800 0.810  0.820 0.830 0.840

Wavelength / um
nm (black result — correct)

fixed wavelength 1060 nm (blue —wrong)
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Tutorial 2 - Supercontinuum, Parameter Variation, Export

A simple nonlinear propagation

Supercontinuum generation
create the field
choose parameters
put result to memory
repeat with higher accuracy
check measurements

(first) Parameter Variation . -

4
noise and coherence = f
I
Export propagation data

Dispersion and retarded time frame ‘
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Tutorial 2

Supercontinuum generation

Propagation parameter  x

[T Lload = [ save «

‘Q standard propagation v

general

define free parameters

+| measure and parse 100 N
v write file
waveguide
loss 0.0 -~ 1/m
gain U 1/m
mode diameter 3 ~ um

gamma | 0.026834381% 1/(W m)

effects
L] dispersion
O SPM / TPA
w Raman
wm self-steepening
O LLE
numerics
steps 100 -~
stepsize 0.002 m
distance 0.2 v m

erdesk

switch on all nonlinear effects:

Click on ,Raman® and choose a simple Lorentz

as the response function h; and fR=0.18

Click on ,,self-steepening® to check, there is no
shock term (tau = 0.0)

Check the “SPM” for the right settings

self phase modulation / two photon absorption term

dA
— : 2
oo =+ iv(1 = fRIAM)IA(T)
0z
W N
Yy = —2—2 and Aeff = —MFDZ
¢ Aefr
n2 3.2e-20 + myw
R 0.18 -
TPA 0.0 ~  mw
saturate SPM
saturation power | 1.0 GW/cm?

AN )

term delayed Raman response

6E+13 1.8E-13
5€413 1.3E-13 A 1
4E+13 . sE14 4 ‘.MH
S E! < I
~ 14 ] -l
= ka3 E o [ =
T e ‘ e 1 \\L v/ b/
0 A %0 g4 \f
| I
-1E+13 u 1.2E-13 \
2E+13 T T T 1.7E-13 T
1000 0 1000 100 ] 100
t-t' (fs) f(THz)
oA : : a oo 2 . -
L=ty (14 iTohoak 37) (AT [, REOIAQT = ©)dr) with R(r) = (1 = fr)8(E) + fuhg (0
fR 018 .+ hR(t)= StepT(t)*((12.22+32.0°2)/12.2/32.02*exp(-t/32.0)*sin(t/12.2)) - Tfs,J
n2 | 3.2e-20 m/W simple Lorentz (Agrawa\)
sl-m annlerawaI
M D exclude term advanced toTe
L multl tone Fused slhca LJ
term self steepening
0
04 9 )
Pl iy (14 iTehock == 3T A(T) | R@IA(T —1)|~dt
—00

1 [1 dngg(w) [1 dAeff(w)]

Tshock = Tg + T4 =——
wy [Negg dw Aetr

additional shock time 0.0 fs
|E use self steepening term D exclude self steepening

M A
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Tutorial 2

Supercontinuum generation

_ Set Clear [¥|display
numerics Start the simulation with 0.01 adaptive local error I> Recall M+
steps 100 ~ H 1] «
save the result to memory result via ,memory*“>,set® (black) Swap M-
. P
stepsize 0.002 m ) . Start
e 0 Rerun with the adaptive local error set to “exact” 1e-07 (blue) Memory
L v m
[T oot T e Below, the accuracy can t?e compared (some spect.ral/temporal
local error components were numerical artefacts in the 0.01 simulation)
Field Spectrum
0.0 0.0 ,
10.04 f
P J
-8.01 1 f \
l 200 “ | I )
W \ My
¥ " Iill. |‘
5 100 | %_mﬂw r K f \
2 g :_NOM’“ Rﬂﬁ il
[} 1 [ 5} ' |'vf \ . V|
S 240 g-m0|'“L EWWW W
* T 500 " g
-60.0 ! M o .
-32.01 ‘Jlrl I.I‘I".L ' H \N |LIJ||‘IH I
m@www\ %M.. a
-40.0 -80.0 'WWWHHH.\ ww‘
‘ . . . . 90.01— ‘ . ‘ NN N
-1.20 -0.60 0.00 0.60 1.20 0.60 0.90 1.20 1.50 1.80 2.10
Time / ps Wavelength / um
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Tutorial 2

Supercontinuum generation

The adaptive algorithm is bounded by the local error set and increases the number of

steps (smaller steps) accordingly.
If you rerun the propagation with the option ,,measure and parse“ switched on, it can be
analysed in the measurement graph. Here is an example of the number of adaptive steps

used to arrive at the current position.

Measured Graphs x
Copy ASCII | Copy BMP = Save BMP | Zoom QOut
M1 - Position.current position v
M75 - adaptive.steps v log y
7\
140 / \
/ \
( “‘
\
8 120 | \
Q
|
2 100 | \\/ A/\//\/\\/\
~ |
| \ /_A.\ \
3 \ Vo /\ /
Q 80 o~ "‘./
7] \l \\_—/\ /\/\ ‘2B
? | TN\ \ /\ /
g w \ A T s A \/\_\//\/
e |
Q_ |
© 40 |
o |
m ]
|
: J\/
0 ﬁ
0 001 0.02 003 004 005 006 007 0.08 0.09 0.1 011 012 013 014 015 016 017 0.18 0.19 0.2
Position.current position / m

page 9
© Copyright, Dr. Thomas Schreiber

fibe_‘rdesk



Tutorial 2

Supercontinuum generation

Measurements also allows for more detailed analysis

Example: supercontinuum generation energy drop due to intra-pulse Raman shift of the
soliton, once itis ,created“ at~0.025 m

Measured Graphs x
Copy ASCII | Copy BMP | Save BMP | Zoom Out

M1 - Position.current position

M6 - Temporal Field.energy M log y

999610 —

9.89E-10 \
9.79E-10 \

9.69E-10 \

9.59E-10 \

9.49E 10 T~

Temporal Field.energy /J

9.39E-10 —

9.29E-10 ==
0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 0.11 0.12 0.13 0.14 0.15 0.16 017 0.18 0.19 0.2

Position.current position / m
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Tutorial 2 - Supercontinuum, Parameter Variation, Export

A simple nonlinear propagation

Supercontinuum generation
create the field
choose parameters
put result to memory
repeat with higher accuracy
check measurements

(first) Parameter Variation 3, 2

4
4
noise and coherence &
I
Export propagation data

Dispersion and retarded time frame |
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Main Manipulation Postprocessing Multi-Element Propagation
o E Change pulse energy = copy spectrum (wavelength) copy dispersion /\ % noise variation Set  Clear |v¥| display
? - l
u t O r I a 3 add quantum naise copy current view scramble spectral phase £ + l setz=0 A Recall M+

Field Undo Compress | ¢, M-
variation wap

Create Edit Propagation Memory

noise and coherence:
(1) same starting pulse as before via ,Create Pulse Dialog”, check ,quantum noise added”,
(2) then use ,propagation”>“parameter variation” dialog with ,always create new field” and

(3) .Pulse_Creation_iterator” as the first parameter to vary (with this, actually nothing is varied, but the pulse
recreated)

Pulse Profile and Data Array X

Parameter Variation

Half 2[- B

el = Initial Conditions 1st Parameter 2nd Parameter Plot Content Appearance
FWHN 1L ps

TempShi 1% ps v|always create new field @
phase 0 2 rac

Size (2k(2711) -~ Type Gauss

Parameter Variation X

wavelength 1060 | % nm . .
Initial Conditions 1st Parameter 2nd Parameter Plot Content Appearance
2nd order 10000 | 4 f2
spectral -
Bidoiey 0] + &= Px86 - Pulse_Creation. ~ = X v
energy le09 | % from to datapoints  log steps
average 100 * w ,withx 1 128 128
repetition rate letll | * 4z ow
scramble spectral phase (random phase) (1
oh st dellaat coo ol ik
| add quantum noise (one photen per spectral node) N | save / load "ive\Dokumenta\ﬁberdesk wo dode\physics data tutorials\tutorial\tutorial 2 - supercontinuum\base coherence.pv-xml ‘ select base file

double pulsing

relative

ps magnitude 0

separatior

) crestefoidin ot arey 1 L] craste el datn aray 2 By choosing ,save to file” and selecting a base file, the parameter variation is saved and all results are store in

sddfieldio data amay1 [ add fld to dats array 2 a BPF file name ,...., all x.bpf”. This can be used for evaluation, see next slide
Apply Cancel

fiberdesk page 12
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Tutorial 2

noise and coherence:

After starting the parameter variation,

. . Initial Conditions 1st Parameter 2nd Parameter Plot Content Appearance
the simulations start. —

x-axis value = X - logx auto axis x | iteration of simulation

logy auto axisy |energy /nJ

Result* = 1e9*M6 update look-up: M76 - Timing.c ~

The result of a measurement after the T e s e
propagation can be plotted directly.

x1v1x2.v2 ...
Reload

:\OneDrive\Dokumente\fiberdesk wo code\physics data tutorials\tutorial\tutorial 2 - supercontinuum\base coherence.pv-x select base file
v| neglect saved plot content setti... reload propagation parameter glob... |v|load user defined measureme...
I I i l ter glob,

0.93937

Here the energy is shown for example
i it 1 . 0939274 o
exhibiting noise, because each pulse is .‘

. Ji
recreated with novel quantum noise
feautres.

energy / nJ

\ ! | A/ n
0939174 |\ o/ O A A fc\,
[\ VR \[ Y /]

| \ VY o
{| AT IR WA A
0939124 ] / \ |

o

. Ny FAYERI
| ] \/ | 1\ Vo
| | J \
0.93907—'\|‘| g \ 7 ’
1

0.93902 1

0.93897 1 ! ! ! ‘ ‘ } ‘ ! ! ! ‘
10 20 30 40 50 60 70 80 90 100 110 120
iteration of simulation
start

[F7load Setup v | [5]Save Setup Copy BMP  CopyASCII = Save BMP | Zoom Out
L.

erdesk

ro an
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Tutorial 2

File Main Manipulation Postprocessing Multi-Element Propagation View Windows
‘ ‘ B 4 - F A A ‘ l‘l . t@ A ‘u ’{9
[aes, 6205 L \ ”ml Al IN “u 1 N
single replay AV ASCIl Python | average|average |min/ coherence RF avgerage average coherence  measurement
slice  once Movie matrix intensity] fields | max spectrum RIN vs.z | Spectrumvs.z  vs.Z of BPF file
Load Conversion to ... avaluadion from BPF file evaluation

The saved files are now used for average spectrum and coherence calcualation via Postprocessing > coherence
Postprocessing > average intensity
Postprocessing > min / max (intensity) for boundaries as displayed below

(EV(WE, (1))

e @ e’

past both results to clipboard and display in e.g. in Origin . (D) =

f 1,0 1
1E-11 4
0,8 1
~ 1E-12 5
=} ]
8 0,6
z - §
3 >
5 1E-13 5
E ] 0,4 -1
1E-14—§ 02
1E-15 T T T T T T T 1 0,0 T T T T T T T
600 800 1000 1200 140 600 800 1000 1200 1400
Wavelength (nm) Wavelength (nm)

fi be r‘dESk ‘. page 14
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Tutorial 2

You can also average a series of simulations or calculate
the coherence along z.

It requires to save the fields along z during parameter
variation. To do so, enable ,write file” in the propagation
parameter setup and run the parameter variation with
,save to file” switched-on again.

The results can be obtained by the Postprocessing items
shown on top, which request you to select the base file for
evaluation.

Only 1D parameter variation can be used.

erdesk

sZAaclp»-

Main Manipulation Postprocessing Multi-Element Propagation View Windows

‘‘‘‘ L A A A ‘.UI A ‘“ /?
| QIN 1IN
single  replay AVl .-\SCII Python average average min,/ coherence RF avgerage average coherence | measurement
slice  once Movie matrix intensity fields  max spectrum RIN vs. z| Spectrumvs.z  wvs. z of BPF file
Load Conversion to ... evaluation from BPF file evaluation
steps 100 MO - indlex
I M1 - position
slepsize m M2 - distance
distance 03 m M3 - datapoints

M4 - pulse.energy

measure and narse

| write file 100 Number of Frames
adaptive UK Frames 100
local error X
presets

+1 additonal frame. which is the initial field

if fewer steps than frames are given. number of frames

random temporal clipping are cropped to number of steps

o
w
o

0,30

o
]
23]

0,25

o
]
o

0,20

Distance (m)
o
Distance (m)
o
>

o

o
o
N
o

o
o
o

0,05

o
o
o

0,00

Frequency (a.u.) Frequency (a.u.)

page 15
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Tutorial 2 - Supercontinuum, Parameter Variation, Export

A simple nonlinear propagation

Supercontinuum generation
create the field
choose parameters
put result to memory
repeat with higher accuracy
check measurements

(first) Parameter Variation 3, 2

4
4
noise and coherence &
I
Export propagation data

Dispersion and retarded time frame |

fiberdesk page 16
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Tutorial 2 - export propagation data

To make a propagation graph outside of fiberdesk, you need to have your propagation saved to a file (switch on ,write file“ in the propagation
parameter windows and do the propagation afterwards).

Then either use the python script to display what is saved in this propagation file (*.bpfx) or use the internal function to copy such data as ASCII to the
clipboard and paste it, e.g. in Origin.

n Manipulation Postprocessing

me A A
A1 ASCl Python = average average

Movie matrix intensity fields
Conversion to ..

To copy your data to the clipboard use the functions “Conversion to > ASCII matrix”

First, you will be asked for the BPF file, then choose the “comma/dot” convention.

In the following dialog, you can choose your setting. If you have selection a specific region already of the field,
those values will be inserted by default.

Once itis copied, the important information are shown.

Matrix

oo You’ll need those to set up your graph in Origin correctly.

dimx =
from  ©61.80801887744 nm to 2669.019360242 mm

- ] x
dimy | 101 fiberdesk

spectrum THz S .
normalize intensity
112.323073534801 452.99006577240 for each slice i
| cols = 256 rows = 101
B : from 661,808 nm to 2669.02 nm
| copy intensity . -
distance: 0.2 m
pulse copy phase
-1.501466275655 1.4985337243401
use comma instead of tab as separator oK

fibe_rdESk page 17
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Tutorial 2

In Origin, create a matrix with the same dimensions as your data.

] o |3 =]
1 2 3 4 5 s [ 7 ]
1 - - - - - - — A~
2 - . - . . . -
3 r
4 - Matrixdimensionen und Beschriftungen ? X
5 L |
6 =  Matrixdimension
X ’ B
fiberdesk 8 — Spalten x Zeilen = 256 X ‘101 ‘
9 L |
10 - Daten werden @) Gekdirzt (O Neu angeordnet
1 -
cols = 256 rows = 101 — -
I c T - i 13 —|  xyAbbildung x Beschriftungen y Beschriftungen Z-Beschriftungen
H frorn 661.808 nm to 2669.02 nm 14 = : . = ;
distance: 0.2 m > ;‘g : Spalten in x abbilden Zeile in y abbilden
17 A Von 662 Von
1 _
19 —|
Ok 1 =
2 |
3 L |
(<[> [\MSheet1 /]|

© Copyright, Dr. Thomas Schreiber
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Tutorial 2

Then select the matrix content and paste then clipboard data into it.

] MBook1 :1/1 * =N

4 Let Origin draw a contour plot with the data and setup the
appearance to your needs.
'_ﬁ]GrapM E‘E‘@
bl
Titel der Farbskala
- 0.20 191.0
- 4.1941E-4 - ( 0.001¢ 0.18
0.0125 1671
0.16
- 1433
0.14
E 0.12 -119.4
c
? 0.10 L 9550
> o .(:w_) ) Entwur fs-Modus ist Ein =
(<[> AMSheet1 / ' e S E 0.08 .
0.06
L 47.75
0.04
23.88
0.02
0.00 0.000
800 1000 1200 1400 1600 1800 2000 2200 2400 2600
X-Achsentitel

. ‘ page 19
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Lecture 2

Here is an example of a logarithmic intensity plot for the temporal and spectral propagation.

Origin display fiberdesk display

(differences due to different sampling)

Distance / m

Since fiberdesk 7 this feature in
directly available in the software.

Propagation distance (m)

15 10  -05 0.0 05 10 15 ' -1.20 -0.60 0.00 0.60 1.20
Time (ps) Time / ps

Distance / m

0.06

0.02

0.00

800 1000 1200 1400 1600
Wavelength (nm)

0.60 0.80 1.00 1.20 1.40 1.60
Wavelength / pm

page 20
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Tutorial 2 - Supercontinuum, Parameter Variation, Export

A simple nonlinear propagation

Supercontinuum generation
create the field
choose parameters
put result to memory
repeat with higher accuracy
check measurements

(first) Parameter Variation 3, 2

4
4
noise and coherence &
I
Export propagation data

Dispersion and retarded time frame |

fiberdesk page 21
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Tutorial 2 - dispersion and retarded time frame

Background: fiberdesk uses a complex data array for handling the field envelope A(T) numerically in a retarded time frame and uses the NLSE for
propagation.
Here is the example of the supercontinuum generation again.
The option “force retarded time frame” is off in the dispersion settings, because the Taylor Series used for dispersion is actually calculated around the
center wavelength of the pulse center A, = A, — S0 no surprise.

Dispersion Setup

Betab
Beta?
Beta8
Beta9
Betal0
Betall
Betal2
Betal3

Betal4

4.0347e-14

0
0
0
0
0
0

o

grating compressor >>

Cancel

Taylor Series @ 1060 nm predefined more ...
Betal 0 | ps/m [ compensate at: 800 nm
Beta2 -0.01185 + peafm D 19 79127 psftnm*km)
ZEE 7:9955 ~ |pam S 0187213 ps/(nmzkm)
Beta4 -1.00392e-7 -
Trust region
Betas 1.21005e-10 from |0 - to 20000 nm

force retarded time frame (beta0=betal=0)
@ data array center wavelength

H Save

7 Load

copy dispersion
(Inm],D[ps/nm/km],b2[ps2/m])

copy beta2 + group delay
[nm],b2 [ps?/m], GD[ps/m]

fiberdesk

To move the temporal windows with a different group
delay, you can generate that group delay at any wavelength
by pressing ,,compensate at”

In our example the wavlength are generated and evolve
not constant. But for instance, the first soliton ends the
propagation at 0.6 ps. So it traveled 1.6 ps/0.2 m which is 8
ps/m. We also do not start the pulse at -1 ps. If
compensating this, the evolution looks like the second

graph.

Betal -8 | ps/m

TempShift 0 v * ps

Distance / m

Distance / m

Temporal Propagation

0.200

0.160

0.1204

0.080

0.040

0.000

-1.20 -0.60 0.00 0.60 1.20

Time / ps

Temporal Propagation

0.200

0.160+

0.1204

0.080+

0.040

0.000

120 0,60 0.00 0.60 1.20

Time / ps
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Tutorial 2 - dispersion and retarded time frame

For other dispersion definitions, like Sellmeier, PCF and gas-filled hollow core fibers, the dispersion is not defined with any
wavelength reference like the Taylor-Series but uses the full propagation constant 3 (or equivalent the refractive index n). Thus, you
should switch on “force retarded time frame” to eliminate any group delay that results from this definition. Again, this removing of
the group delay is done at the array center wavelength, so be sure, if you defined your pulse at this array center or not. Here is an
example, if itis not retarded - despite the fact that, of course, the result is still correct (not shown here)!

fibe_‘rdeslr(

=n+l n beta 0
oA i o 10
— =4+ ) B, ——A O
n
Oz = n! oT bz 2 T
<D =
£
dispersion made! c 0 T T
= 500 1000 1500 \msq\
Taykre a
Selmeier Setup > o =
/] photonic crystal fiber
-100
gasdilled siicaholow core fiber
‘ force retarded fime frame (beta0=beta=0) ‘ Wavelength (nm)
v Use dispersion % do not use dispersion auwey min -100 max 100 autox min 250
PCF Parameter *

A

oK

pitch L |8
hole diameterd 0.8

d/L 04

Get V ove
Getn_eff
Get Dfps/nm/km] ow

um

um

ch=0.2

erlambda/L=0..2

Material dispersion

sy BE | B B
= Bt B-C -G

predefined material: | more..

a1

(setting achieves a similar dispersion as the Taylor series before)

Time (ps)
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