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Stretching or Compression of Ultrashort Pulses with
Highly Efficient Transmission Gratings



Abstract

Precise control over the ultrashort pulses
IS of importance for various applications.
Prisms and gratings are typical optical
components that are used for
manipulating the temporal behavior of
pulses. In this example, we use two
transmission gratings, according to the
work of T. Clausnitzer et al., to build up a
stretching / compressing system for
ultrashort pulses. Particularly, we analyze
the polarization-dependent effects that is
caused by the gratings, and we optimized
the gratings to obtain a polarization-
iIndependent system with high efficiency.




Task Description

%d initial grating parameters

g i fd grating structure value

> S grating depth h 1.54pm
5 S grating period d 800nm Gratings parameters follows from
5 . T. Clausnitzer, et al., Appl. Opt. 42,
Eg 25fs air fill factor f 45% 6934-6938 (2003)
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gratings pair
- ! , , | - rotation angle 41.49° (Littrow configuration)

input beam pulse

- carrier wavelength

- Gaussian spatial profile [collimated]

- unpolarized (using two orthogonal linear
polarizations, E, and E,, to check the effects)

Timf[ps] or 02 - working in -1st order (transmission)
- distance between two gratings 25mm

1060nm
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Spatial Property of Output Beams (@Carrier Wavelength)
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Energies of output beams for E,- and E -polarized inputs
are different, because the grating efficiency is polarization

dependent.




Spectral Property of Output Pulses
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modulated by different efficiency-

polarization), leading to different

The same input spectrum is
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Temporal Property of Output Pulses
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Polarization-Independent Grating Design for Carrier Wavelength

input plane wave k—]
wavelength 1060nm
unpolarized
(averaging E, and E,)
Littrow configuration

%d How to use paramatric optimization to maximize the
fd diffraction efficiency of -1t transmission order, for
unpolarized input light?

variables value range
grating depth h 0.1-10pm
_1st order fill factor f 20-80%
merit function target
average efficiency=0.5(n,+n,) 100%

air
Ny s the efficency of -1st diffraction order for E,- / E,- polarized input

reference: T. Clausnitzer, et al., Proc.
SPIE 5252, 174-182 (2003)




Parametric Optimization

downhill simplex optimization with FMM / RCWA
for grating diffraction efficiency calculation

¥ 26 Parametric Optimization E=R(ECE
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Task Description
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input beam pulse
- carrier wavelength 1060nm

Gaussian spatial profile [collimated]

unpolarized (using two orthogonal linear
polarizations, E, and E,, to check the effects)

%d optimized grating parameters

fd  grating structure value
grating depth h 2.732um
grating period d 800nm
air fill factor f 71.443%

gratings pair
- rotation angle 41.49° (Littrow configuration)
- working in -1st order (transmission)

- distance between two gratings 25mm




Spatial Property of Output Beam (@Carrier Wavelength)
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Powers of the output beams for E,- and E,-polarized inputs
are similar, thanks to the optimized grating structure.
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Spectral Property of Output Pulses
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Temporal Property of Output Pulses
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Peek into VirtualLab Fusion

Edit Gaussian Wawve X
Polarization Maode Selection Sampling Ray Selection
Easic Parameters Spectral Parameters Spatial Parameters
Power Spectrum Type List of Wavelengths w~
Spectral Values
Index | Wavelength Electric Field Strength ~
(Phase) )
1 ss8130m grat”’]g
2 96287 om| 26731 mVim
3 969.7nm| 45678 mVim Component
4 : N B
5
3
= ﬁ‘ Compaonent Size ‘ 3Dmm| x | BDmm‘ A
_: - ) Reference Surface (all Channels)
o 344 Coordinate
= ] Systems Plane Interface
= cod } - = 7 i)
Position / Aperture
Orientation
Grating Stack
@ ® 1D-Periodic (Lamellar) O 20-Periodic
pulse spectrum | <o | seir B
Rectangular Grating = Load  Edit QO View
(2) On Front Side of Base Interface (®) On Back Side of Base Interface i |
Homogeneous Medium Behind Surface
s Medium
— Load & Edit

Edit Pulse Evaluation

Geometry |
Channels

/@

Position /
Orientation

Detector
Parameters

Detector Window and Resalution  Detector Function
Pulse Evaluation  Optical Path Length Evaluation
Wectorial Compenent to Evaluate

[] Ey-Component [] Ez-Component

General Pulse Evaluation Parameters

Oversampling Factor

Exclude Time Shift Extend Time \Window

Fit Method for Evaluation Fit 1ll: Time Shift with Dispersion

Pulse at Point (10)  Pulse at Line (20)  Pulse (30)

Evaluation of Pulse at Point (10)

Fosition (x.y) Omm| x Omm

Additional Eval
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Workflow Iin VirtualLab Fusion

Set up input Gaussian field
— Basic Source Models [Tutorial Video]

Set up a real-structure grating and select the working
diffraction order

Select and set up the pulse evaluation detector

Design of highly efficient polarization independent
transmission gratings

— Analysis and Design of Highly Efficient
Polarization Independent Transmission Gratings [Use Case]

[ 17: DAOneDrive\..\Polarization Independent Grating Design.opt

Constraint Specifications

Select and specify the constraints which shall be considered during optimization

Constraint Host

General Grating 2D #1

Polarization Analyzer #801

Constraint Name

Stack #2 (Rectangular

Stack #2 (Rectangular

Efficiency Ex-Direction

Efficiency Ey-Direction

Polarization Contrast »
Avy 2

Average Efficiency

KOO0

14


https://www.youtube.com/watch?v=ck6_9DIPgFE
https://www.lighttrans.com/index.php?id=1792

VirtualLab Fusion Technologies

nonlinear free
crystals & components SPaC€  nrigmg,
e anisotropic plates,
components @ cubes, ...
lenses &
freeforms

apertures &
boundaries

oy
gratings

waveguides
& fibers ~
scatterer - Field
Solver
diffusers (
diffractive
beam

diffractive,
Fresnel, meta
splitters lenses
SLM.& micro lens & HOE, CGH,
adaptive ¢ eaform DOE
components

arrays
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