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Pulse Simulation — Temporal Dispersion
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Description

 The use case demonstrates the effect of material
dispersion on pulse propagation.

o Specifically it presents the modeling of a pulse through
100 mm in BK7 vs Alr.

* The central wavelength of the pulse is 800 nm.
« Different pulse lengths are evaluated: 5, 10, 15 fs.

e Goal:
— Show effect on pulse by temporal dispersion
— Different ways for visualization of pulses
— Smart sampling handling within spectral domain
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Important Reminder!

Fields and Sampling | Operations | View Parameters | Peformance | Gther Settings * M ake S u re ) th at for p u Ise
i modeling you have
[] Use Standard Range for Complex Amplitude View Ch Ose n Dou ble P reCiSiO n

Maximum Mumber of Table Cells for Data Arrays 100000

NS— BEFORE pulse

Default Precision of Arrays { Dousle Precision vl

[] Swap Large Field Data on Hard Disc SpECification !

Field Size Wamings

[¥] Wam Before Exceeding Specified Limits ° The glObaI Optlons can be

Waming Levels

[¥] Masximum Number of Sampling Points per Field edlted by the menu |tem

Maximum Number of Fields Set Members

I Gumret et o s oror “Global Options” in the
Mutii Core Processing fi Ie m e n u .

Use Multiple Cores Mumber of Cores To Use
[ Use Multiple Cores for Parameter Run Loop

FFT Algorthm
(®) Intel Math Kemel Library FFT () ViirtualLab FFT

Resetall | 2| [

Www.Wyrowski-photonics.com



Sample System
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Sample System (3D View with Rays)
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Result Simulation 5 fs Pulse After Source

B 18: Pulse Component (Ex) in Time Domain at [0 m, 0 ... E@

Pulse Component At One Paint

Diagram | Table | Value at x-Coordinate
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The pulse (1D) is located
centered around the time
of 0 s.

The pulse duration is
5.2239 fs (measured by
FWHM detector).

The time window of the
pulse is as large as
necessary. The
iInformation displayed is
numerically correct.
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Result Simulation 5 fs Pulse in 100 mm Air

H 16: Pulse Component (Ex) in Time Domain at [0 m, 0 ... E@

Pulse Component At One Paint

Diagram | Table | Value at x-Coordinate
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 The pulse (1D) is located
centered around the time
of 333.66 ps.

 The pulse duration is
5.3376 fs (measured by
FWHM detector).

 The time window of the
pulse is as large as
necessary. The
Information displayed is
numerically correct.
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Result Simulation 5 fs Pulse in 100 mm BKY7

 The pulse (1D) is located

, B 28: Pulse Component (Ex) in Time Df:main gt Om,0..[o | & = Ce nte red aro u n d th e tl m e
Diagram | Table | Value at x-Coordinate Iz' Of 509 . 43 p S .

0,25

 The pulse duration
measurement makes no
sense.

e The time window of the
pulse is too small. The
iInformation displayed is
numerically not correct.
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Initial Time Window Size?

* In this example the
resulting pulse has a size
of several ps (we will see

Pulse Specification

(®):Definition by FWHM | () Definition by 1/e Diameter

Pulse Duration Ffs th a.t SO O n) .

Carrier Wavelength 200 nm

e e Preparation in the initial
Estimstedncrese o Tme Windo time window would

Numerca Stings require more than 550
S e e e harmonic fields!

Resulting Size of Angular Frequency Window

Squared Amplitude Truncation (Time Domain)

Resulting Size of Time Window

Fesuling Semles Not practical for
fast simulation!
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Smart Inclusion of Material Dispersion

* VirtualLab offers a smart solution to this problem.

 The pulse evaluation detector provides the change of
phase due to material dispersion: phase residual

e That can be calculated for an arbitrarily fine frequency
sampling.
e Smart processing allows increase of time window In

order to house pulse without increase of initial time
window.

* This option can be enabled by selecting extend time
window option within the pulse evaluation detector.

Exclude Time Shift Extend Time Window

Fit Method for Evaluation Fit Ill: Time Shift with Dispersion W
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Result Simulation 5 fs Pulse in 100 mm BKY7

e By applying the

B30 Puise Component () nTime Dormain o (01m, .- == ol VirtualLab algorithm to
2] automatically enlarge the
time window, the pulse
can be reconstructed,
without using more
frequency samples as

before.

 The pulse duration is
—— . | | | 2.3721 ps (measured by
0.20333 0.250667 .91 0.01333 FWH M detecto r) .
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Result Simulation 10 fs Pulse After Source

 The pulse (1D) is located

’ B 24: Pulse Component (Ex) in Time Domain at [0 m, 0 ... E@ Ce nte red aro u n d th e tl m e
Pulse Component At One Paint
Diagam | Table | Value at x-Coordinate Iz‘ Of O S .

 The pulse duration is
10.448 fs (measured by
FWHM detector).
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Result Simulation 10 fs Pulse in 100 mm Air

 The pulse (1D) is located
’l36: Pulse Component (Ex) in Time Domainat[0m, 0..[ = [ & |[sE3s] Centered around the tlme

Pulse Component At One Paint

Diagam | Table | Value at x-Coordinate |I| Of 333 . 6 6 p S .

 The pulse duration is
10.462 fs (measured by
FWHM detector).
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Result Simulation 10 fs Pulse in 100 mm BK7

 The pulse (1D) is located
rl33: Pulse Component (Ex) in Time Domain at[Dm,D...E@T Centered around the tlme

Pulse Component At One Paint

Diagam | Table | Value at x-Coordinate |I| Of 50 9 . 33 p S .

 The pulse duration is
1.1962 fs (measured by
FWHM detector).

 These values can be
calculated efficiently by
using the algorithm to
Include the material

e dispersion smart
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Result Simulation 15 fs Pulse After Source

 The pulse (1D) is located

B40:Pulse Component (e Time Demainat 10,0 - e - centered around the time
Diagram | Tabl. | Value o x Coordnate L] of 0 s.
. e The pulse duration is
- 15.672 fs (measured by

FWHM detector).
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Result Simulation 15 fs Pulse in 100 mm Air

 The pulse (1D) is located

] H 42: Pulse Component (Ex) in Time D:::main E.It Om,0.[ = 5 [ ce ntered arou nd the tl me
Diagram | Table | Value at x-Coordinate Iz' Of 333_66 pS.

 The pulse duration is
15.676 fs (measured by
FWHM detector).
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Result Simulation 15 fs Pulse in 100 mm BK7

B 4: Pulse Component (Ex) in Time Domain at [0 m, 0 .. E@

Pulse Component At One Paint

Diagram | Table | Value at x-Coordinate

[]

0,04 0,06 0,08

Amplitude of Electric Field Campanent [V/m]
0,02

I
0.508

T
0.509
Time [ns]

T
0.5

I
511

 The pulse (1D) is located
centered around the time
of 509.43 ps.

 The pulse duration is
800.83 fs (measured by
FWHM detector).

 These values can be
calculated efficiently by
using the algorithm to
Include the material
dispersion smairt
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Summary

* VirtualLab enables the evaluation of pulses using the
pulse evaluation detector.

« Material dispersion is included within the simulation of
pulses using VirtualLab.

 Temporal dispersion leads to extension of the time
window of the propagated pulse. This would typically
result in an oversampling in frequency domain.

e With the smart sampling technigues of VirtualLab it is not
necessary to trace significantly more frequencies, but to
use the optical path length information of the system for a
smart interpolation technique.
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