Focusing of fs Pulses

Tutorial_41.01_fs_pulse_focal_region.pdf

Related Tutorials: 33.01 (recommended to study before)
Related Scenarios: 98.01




System description

Description of system to be modeled




Simulation with VirtualLab™: Example

« Example considers fs pulse propagation into focal
region

« Sample file:
Tutorial_41.01_VLF1_fs-pulse_focal_region.lpd

« File contains monochromatic source of
wavelength 800 nm

Pulse information to be introduced by user
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Basic Setup for Harmonic Field Component

[ 25: Virtual Screen 2605 after Gaussian Wave £... [ o |- & | [wZ3a]
Light Visw | Data View

Laser beam Aspherical lens Focal plane

NA=0.63




Input Beam

m 25: Virtual Screen #5605 after Gaussian Wave #... E@
Light View | Data View

 Polarization: linearly polarized
in x-direction

72365 mm

« Beam diameter (1/e%): 5 mm
« Wavelength: 800 nm

™ 1

Pulse specification

— Carrier wavelength: 800 nm
— Pulse FWHM: 5 fs

72365 mm

-7.2365 mm 7.2365 mm

Light View Foom: 2 4622




Lens Specification

Lens Parameters

Surface 1 Surface 2

« Radius: 2.75 mm « Radius: -3.18854 mm

« Conical constant: -0.613916 « Conical constant: -12.66386
« A4:588919 o A4:12458340

o A6:-17660200000 o A6:-3711945000000

« A3:1.01025E+16 « A8:5.122391E+17

o A10:-3.91487E+21 o A10:-3.108578E+22

Center Thickness: 3.15 mm
Glass: Corning C0550




LPD file

3D View of OIS

[ 14: Light Path ..\Tutorial 41.01_VLF1_fs-pulse_focal_region.Ipd #13)*

[#- Light Sources
Components

|deal Components
Virtual Screen
Detectors

Gaussian Wave o153 Virtual Screen
L
[i] 1 RO5
Om 1.7671 mm
Relative Relative

Optical Path Length
Analyzer

802

m

4 m

9




Comments on LPD

« The propagation from OIS to screen is chosen to be
automatic, though for this task the far field to waist
operator could be used too.

« The Automatic Operator is edited as follows:

Edit Automatic Propagaticn Operator r— - e S|

Propagation Parameters | Accuracy |

Selection of Active Propagation Operators

[] SPW Operater || Fresnel Propagation Operator
Far Field Operator [~] Geometrical Optics Operator

[ ok || Cancel |[ Help |

« In this modus the automatic operator uses always the far
field operator but optimizes the sampling by a smart
preprocessing step.

« Recommendation: Before you start pulse modeling, test

I the monochromatic setup. I



Pulse Specification

Specification of envelope spectrum and
Insertion in source




Pulse Specification

o Introduce the pulse as described in Tutorial_33.01

Gaussian Pulse Spectrum X
Pulse Specification
@ Definition by FWHM () Definition by 1/e Diameter
Pulze Duration Bifs
Carrier Wavelength 200 nm
Carrier Freguency 37474 THz
Estimated Increase of Time Window —5

Mumerical Settings

Squared Amplitude Truncation (Freguency Domain) 0.01 %
Resulting Size of Angular Freguency Window 20213 PHz
Squared Amplitude Truncation (Time Domain) 0.01%
Resulting Size of Time Window 911311
Resulting Samples 29

| OK | | Cancel | | Help




Comment on Pulse Specification

« A factor of 5 to 10 is a good first choice for the
estimated increase of the time window.

« Use a priori information about the resulting pulse
duration in the target plane if available.

« In what follows we show how to select a suitable
time window factor by a few trials.
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Important Reminder!

Makes sure, that for pulse modeling you have
chosen Double Precision BEFORE pulse specification!

View Peformance
[ Disable Light View

[] Use Standard Range for Complex Amplitude View

Default Precision of Arrays

Swap Large Field Data on Hard Disc

G [ G ] [




Modeling Pulse in Focal Region

Evaluation of pulse at arbitrary locations in

focal plane




Simulation with VirtualLab™: Example

[Ught Path Diagram v] [ b Gal ]

[ 14: Light Path ..\Tuterial_41.01_VLF1_fs-pulse_focal_region.lpd #13)* [ ][ @ |[mEs3a]
&=- Light Sources ] *
- Components =
[H- ldeal Componerts

Virtual Screen
-- Detectors
(- Analyzers

Gaussian Wave ols Virtual Screen
0 1 RO5 =
Om 1.7671 mm
Relative Relative

Optical Path Length
Analyzer
PN

4

802

1

4 i 2




Simulation with VirtualLab™: Example

Resulting Harmonic Field Set (HFS)

Da Ve

m 27: Virtual Screen #605 after OIS 1 (T)

e e |

T2316 um

2316 um

-70.524 um
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Field Evaluation Tools

o VirtualLab™ 4.5 allows investigation of pulse in
time domain by Field Evaluation Tools

Manipulatiocn | Propagation  Detector  System Design Solutions  Executio

Fields Set Manipulation r E |E| - F gd F-IﬁE

Last + Current (Indexwise)  + LN~ * = sl <) Inclr;:(l -

Field Evaluation Tools 3 r Paoint Evaluation |I

Line Evaluation

Bitmap Sequence Evaluation

Settings Point Profile Extraction

Extraction Parameters
Detect At

Yectorial
Component

Evaluation Parameters
(") Evaluate Field Data over Field Index

aluate Field Data over Wavelength

[ Ok




Simulation with VirtualLab™: Example

[ 25: Point Evaluation at [0 m, 0 m] =N EoN 5=
View | Table

1600 Note: If you do not see this result,
1 double click on the diagram window to
ool Initialize the zoom in the diagram.

8O0+

Amplitude

600

400

200+

0 } } } }
567.4nm 764 .5nm 961.61nm 1.1587 um 1.3558um

Wavelength

UC(OI O! Zout, CU) — CIE(O; 0, Zout, W — (I]) giw?




Simulation with VirtualLab™: Example

« Next run the OPL analyzer to get the time shift
and the phase residual for smart inclusion of
material dispersion.

« You need to initialize the OPL analyzer first by
open the dialog. a

Select Part of Light Path to Analyze

Light Source Gaussian Wave (#0)
Component ’Vlrtual Screen  (H605) - ]
Select Ouput

Oversampling Factor (Freguencies) l 10
—
[ BEvaluate Optical Path Length
Fit |: Time Shift without Dispersion
[] Linear Fit [] Residuzls of Fit
Fit 1: Time Shift by Regression
[] Linear Fit [7] Residuals of Fit

Fit 1Il: Time Shift with Dispersion
[] Linear Fit Residuals of Fit

I { [ ok ][ Camcel |[ Hep | I




Simulation with VirtualLab™: Example

Inverse Temporal Fourier Transformation u

Settings

Exclude Time Shift of 22.897ps
Solutions  Execution Bwxtras W [C] Extend Time Window by Factor 1
[w] - | F -I L i @ Stop - Phase Residuals Set Sha -

R a— —
Accuracy
Ciwversampling Factor L
[0k | | Cencel | [ Helb




Simulation with VirtualLab™: Example

m 32: Inverse Temporal Fourier Transformation (Time) El @
View | Table

350

300+

250+

200+

Amplitude

150

100+

50—+

':I T T T 1
2285 ps 22874 ps 22.897 ps 2282 ps 22844 ps

Time

ue(oz O/ Zout, t— f)




Importance of Smart Material Inclusion

« Obviously, this result suffers from too low
sampling in frequency domain and the resulting
aliasing in time domain.

« The major reason is caused by material

d i S pe rS i O n ° [ 32: Phase vs. Frequency v (Residuals of Linear Fits) == =]
. . w
« That is included next. '

Phase [1E3 rad]

-0.465 4

T T
0.3 0.45
Freguency v [PHz]

Residuals of Linear Fit lll; Time Shift with Dispersion




Simulation with VirtualLab™: Example

Inverse Temporal Fourier Transformation LX)
ﬁeﬂings \
Exclude Time Shift of 22837ps
Solutions  Execution  Baras W Extend Time Window by Factar 10
[®] - | F || i @ Stop Phase Residuals [ set |[ Show |
. Y,
N ——
Accuracy
Civersampling Factor 3
OK | | Cancel | [ Help




Simulation with VirtualLab™: Example

m 40: Inverse Temporal Fourier Transformation (Time) El @
View | Table

350

300+

250+

200+

Amplitude

150

100

501 Jﬂ
0 ' o :

2244 ps 22669 ps 22.897 ps 23125 ps 23.354 ps
Time

ue(oz O/ Zout, t— f)




Importance of Smart Material Inclusion

Now a pulse shape can be considered. However,
it is not yet ensured, that all fluctuations in time
are of physical nature.

Though the increase of the time window by
material dispersion is most dominant, also
angular dispersion causes an increase.

From the result we conclude, that the pulse is
mainly located inside a time window of about 300

fs.

Thus, we increase the initial time window to about

I 300 fs. I



New Pulse Specification

Gaussian Pulse Spectm_ —— u

Pulse Specification

i@ Definition by FiwHM (7 Definition by 1/e Diameter
Pulse Duration Fis
Carrier Wavelength 200 nm
Carrier Frequency 974 74 THz
Estimated Increase of Time Window 18

Mumerical Settings

Squared Amplitude Truncation (Freguency Domain) 001 % :
Resulting Size of Angular Frequency \Window 20213 PHz

: Squared Amplitude Truncation (Time Domain) 001 %
Resulting Size of Time Window 32807 1=
Resulting Samples 105

| Ok | | Cancel | | Help




Initial Time Window and Material Dispersion

« According to the new specification now we
simulate with 105 harmonic fields, which takes
more time.

 Because of the increase of the initial window we
optionally reduce the factor for the smart

o o . Edit Optical Path Length Analyzer [
inclusion to 4, that is: o—
Light Source Gaussian Wave (#{)
Component [‘u“lrtual Screen (#605) v]
Select Ouput
(Cwersampling Factor (Freguencies) [
——

[] Evaluate Optical Path Length
Fit |: Time Shift without Dispersion
[ Linear Fit [ Residuals of Fit

Fit I1: Time Shift by Regression
[ Linear Fit [ Residuals of Fit

Fit IIl: Time Shift with Dispersion
[] Linear Fit Residuals of Fit

I [ ok [ cencel |[ Help | I




Field Evaluation Tools

o VirtualLab™ 4.5 allows investigation of pulse in
time domain by Field Evaluation Tools

Manipulatiocn | Propagation  Detector  System Design Solutions  Executio

Fields Set Manipulation r E |E| - F gd F-IﬁE

Last + Current (Indexwise)  + LN~ * = sl <) Inclr;:(l -

Field Evaluation Tools 3 r Paoint Evaluation |I

Line Evaluation

Bitmap Sequence Evaluation

Settings Point Profile Extraction

Extraction Parameters
Detect At

Yectorial
Component

Evaluation Parameters
(") Evaluate Field Data over Field Index

aluate Field Data over Wavelength

[ Ok




Envelope Spectrum

[ 42: Point Evaluation at [0 m, 0 m] == ch ==
View | Tahle

18001

1600+

1400+

1200

10001

Amplitude

800+

600+

400+

200

] } } f i
562.21nm T68.25nm a74.3 nm 1.1804 pm 1.3864 pm
Wavelength

~
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Transformation into Time Domain

« Run OPL Analyzer to obtain

— Time shift (not changed by new pulse specification)

— Phase residual by material dispersion

e Perform Transformation:

Inverse Temporal Fourier Transformation X
ﬁa‘ttings \
Exclude Time Shift of 22.837ps

Extend Time Window by Factor

9 Phase Residuals [ St |[ Show _]) -

Accuracy ‘
5

Solutions  Execution Bdras W
] - ,-‘r.-;l”,g B Stop |} v
[a0]

o :

Owversampling Factor

| oK | | Cancel | | Help ||

_—



Pulse in Focal Region: x-Component

’ m 52: Inverse Temporal Fourier Transformation (Time) E@ ﬁ N ==
View | Table
o
500+
400+

Zoomed by diagram

Amplitude

T tool: Just press left
2004 mouse button and

mark the area in
100+

which you like to
zoom.

] } } } i
22.691 ps 22802 ps 22.8914 ps 23.025 ps 23137 ps
Time

ue(oz O/ Zouts t— f)




Right side of pulse is smooth, which indicates
that there are no numerical artifacts anymore.

« Therefore, the side lobes on the left side have
physical meaning.

« Of course it is possible to further increase the
initial time window to check, if the result is stable.

We did it and found no further modification of the
result.

« Next we consider another feature for pulse
evaluation.

I |
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Further Features: Real Field Converter

« The pulse simulations in VirtualLab™ are based
on the envelope function. It is always possible to
use the Envelope to Real Field Converter to obtain

the pulse with its frequency carrier.

« Because of high carrier frequencies it is

recommended to introduce a high oversampling

'aY 2 a kel R al

)

A -|-|nn 1 1A
IT1T LIIT LITTI

n l'\\ g . :
C uviriairi uy . Inverse Temporal Fourier Transformaticon

Settings
Exclude Time Shift of

Phase Residuals

Accuracy
Ciwersampling Factor

| Extend Time Window by Factor

st J[ Swow ]

20

I [ ok | | Cancel | [ Help | I



Envelope to Real Field Converter

m 56: Inverse Temp Fourier Ti ion (Time) EIIE' m 58: Envelope Converter : Real Function EIIE'
View | Table View | Table
300 6001
2501 4001
2001 2001+
E 5
= 180 = 0
= &
1001 -200
50T 4004
0 t t t t -600 t f t {
22.075ps 22.486 ps 22.897 ps 23.308 ps 23719 ps 22.075ps 22.486 ps 22.897 ps 23.308ps 23719 ps
Time Time

Zoom -
Function | Manipulation  Propagation  Detecto

Transmission Generators »

é F Temporal Fourier Transformation

(F Inverse Termporal Fourier Transformation

| Envelope To Real Field Converter




Pulse Shape with Carrier

m 57: Envelope Converter : Real Function

View | Table

=N B =

600 1

400 4

200+ n

Real Part

|

-400 1

-600 | |

22819 ps 22,8066 ps 22,914 ps
Time

T
22961 ps

1
23.008 ps




Further Features: Vectorial Modeling

o Pulse simulations in VirtualLab™ are done on
base of an electromagnetic and therefore vectorial
oulse description.

« That gives access to the y- and z- component of

the pulse field. Selection via:
Settings Point Profile Extraction B__ [ S|

Extraction Parameters

oo T o

Vectoridl
Component |Ez Companent -

Ex Componert
Evaluation Parameters &F-C;:ma—’ EE‘IHEﬂT
(©) Evaluate Field Data over Fiel

@ Evaluate Field Data over Wavelength

[ O | [ Cocel | [ beb |

I « z-component calculation on demand. Takes some
extra time. Try it! (z-component zero at (0,0))!




Modeling Pulse in Focal Region

Evaluation of pulse on arbitrary line in focal

plane




Line Evaluation Tool

« Instead of Point Evaluation the Line Evaluation can
be used to obtain the envelope spectrum along a
ine in the focal plane.

m 66: et\workspac...\105.hfs EI@
Data View

0.81955

74807 um

Manipulation | Propagation  Detector  System  Design  Solutions  Executio

040078 Fields Set Manipulation v B - - F :
. Last + Current (Indexwise) + 1H-
- | Field Evaluation Tools 3 | Point Evaluation -
| Line Evaluation |

Bitmap Sequence Evaluation

74807 um




Line Evaluation Tool

m 67: Line Evaluation from [-15 pm, 0 m] to [15 pm, 0 m] EI
View | Table
m 16186
E m 1387 4
. B = :
Line Evaluation Tool u E ———
BExraction Parameters B m924.83
Start At _ o937
tart A5um x pm O 462 47
End At 1Bum x Om m 23124
Vectorial @ m 0.01022
Component Ex Component '] £
| ES
Evaluation Parameters o E
() BEvaluate Field Data over Field Index e
o
@ Evaluate Field Data over \Wavelength
[ Ok J[Canoel][ Help
N £
=
pG2.21nm 200nm 1.3864 um
Wavelength

Zoom -




Envelope Spectrum along Line

() 67: Line Evaluation from [-15 um, 0 m] to [15 pm, 0 m] = || -3

View | Table

m 16186
m 13874
m 11562
m924.93
oGe37

O 462.47
o231.24
m 0.01022

20335 um

14 492 um
Fosition on Line

38983 um

65594 nm 806 56 nm 1.0358
Wavelength

Im

=

~
P~ P~

uC(r - Line,CU) — ue(r c Line’w o C(_)) eia)t




Transformation into Time Domain

« Identical inverse FT as before (decrease the
oversampling factor only, to reduce cpu time)

Inverse Temporal Fourier Transformation u
ﬁe‘ttings \
Exclude Time Shift of 228537 ps

Extend Time 'Window by Factor

Solutions  Execution  Bwxtras W 4
] - | F [ i m stop |~ Phase Residuals | set || Show |
[ \ )

Accuracy ‘
5

Cwersampling Factor

| OK | | Camcel | | Help ||

_—




x-Component of Envelope Function on Line

Time

[ 62: EWorkspac..\Line_Ex_Time.dgr o=
View | Table
m 548.92
E  [m4705
< [m392.09
= m 313.67
o 23525
O 156.83
m 78.417
s [m7.2637E06
£
Es
G S
g
o
E
=
22083 ps 22897 ps 2371 ps

Ue(r € Line, t — )




x-Component of Envelope Function on Line

Inverse rainbow scheme (see

Zoomed function property browser (F4))
[ 68: E\Workspac...\Line_Ex_Time.dgr =N =R [ 68: E:\Workspac...\Line_Ex_Time.dgr o[ = | 3]
View | Table View | Table
m 54507 m 54892
S5 [ma705 §  [ma705
S [m392.09 = [o392.00
= [m31367 o (@ 31367
0 235.25 m 235.25
O 156.83 m 156.83
m 78417 m 78417
o |m7.2637E-06 v |m72637E06
= =
52 ez
=< 35
- = A=
— 8 o
o o
E =
= =
T =
=t o
= =
o [
22 648 ps 22 912 ps 23177 ps 22 586 ps 22 912 ps 23239 ps
Time Time




« Try also the choice different options of the field

quantities:

File Edit View Source Function Manipulation
0 & | [E]E E R n[A]e A} [oe
N+ & EEE TN < alk]E-

« The results demonstrate, that the pulse
simulation with VirtualLab™ include aberrations,
diffraction and other wave-optical effects.

« Next we consider the vectorial nature of the
simulations.

I |
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Line Evaluation Tool: z-Component

BExtraction Parameters
Start At 15pm « Om

Vectorial
Component Ez Component v]

Evaluation Parameters
(71 Evaluate Field Data over Field Index

@ Evaluate Field Data over \Wavelength

End & i x om

Ok J [ Concd | [ Hebo

m 69 Line Evaluation from [-15 pm, 0 m] to [15 pm, 0 m]

View | Table

Lo |5 s

F38.9nm

24 407 uym

18 um
Fositionan Ling

8475 um

806.56 nm 1.081
‘Wavelength

(%))
=

m

m 27277

m 23358

m 194.84

m 155.897
01168
077.937

o 38.97

m 0.00255N




Transformation into Time Domain

« ldentical inverse FT as before

Inverse Temporal Fourier Transformation u
Eettings N\
Exclude Time Shift of 22837 ps

Extend Time Window by Factor

Solutions  Execution Badras W 4
|E| - | F -I L 3 Stop Phase Residuals [ Set ] [ Show ]
[aln K J

Accuracy \

Civersampling Factor 3




z-Component of Envelope Function on Line

m T0: Inverse Temporal Fourier Transformation (Time) EI@
View | Table

m 2974

o 76.92
o641

o 51.28
m35.46

o 25.64
m12.82

m 2.6061E07

23.644 pm

14 746 um
FPosition onLine

G017 um

22663 ps 22.888 ps 23113 ps
Time

Ue(r € Line, t — )




Further Developments

Pulse modeling in VirtualLab™ is based on
tracing harmonic fields through optical systems.

Steadily we add new techniques and components.

Gratings and prisms are to be added in 2010 to
allow modeling of pulse compression and
extension.

Please help us to develop the ultrashort pulse
modeling features of VirtualLab™. Send us your
suggestions and demands for new and
improvements of existing features.

I « Thank you for your interest in VirtualLab™. I




