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e2® Pulse Compression Transmission Gratings
JENOPTIK

Features fs

— All dielectric monolithic element with embedded
microstructures

— Customized design for your applications

‘0’

— Standard Grating size (CA) up to 140 mm x 140 mm
(larger size on demand)

— Groove density up to 3000 I/mm
— High damage threshold and thermal stability D ——

— Low wavefront distortion (high quality substrate and # L
no lithographic stitching)

— Grating structure protected against mechanical
damages and contamination

— AR coating on both sides
Applications
— Pulse compression in ultrafast laser systems

— Wavelength selection, tuning and bandwidth
narrowing of high power lasers

— Efficiency close to 100% L '

. } AR coating

Fused Silica
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Standard Pulse Compression Grating (PCG):

Performances and limits

—

JENOPTIK

Fresnel Reflections reduce
achievable efficiency
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Theoretical Efficiency at Littrow
angle vs. Groove Density for
different wavelenghts
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Effect of PCGs on Laser Power
Performances within a typical 4-
pass pulse compression setup

Grat 1

Grat_2 Mirror

Example: a pair of 90%
efficiency PCGs leads already
to ~35% laser efficiency loss



Improvement of the diffraction efficiency of a transmission
pulse compression grating JENOPTIK

Encapsulated Grating Grating on top of AR stack layer
— All dielectric Fused Silica element
— Efficiency enhanced thanks to
reflections reduction
- — Comparable technology effort -
— Grating structures etched in Fused Silica — Grating structures etched in SiO, layer
bulk mask — Open microstructures, not protected
— Embedded microstructures, protected against external damages
against external damages — e-field enhancement on the pillars,
— Reduction of e-field enhancement on the typical trigger of LID
pillars, typical trigger of LID (Laser Induced — AR-coating on planar side and under
Damage) the grating structure

— AR-coating on both sides
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e2® - PCGs vs Standard Fused Silica PCGs:
Efficiency Exemplary Results JENOPTIK

AR-coating on both sides

Measured Diffraction Efficiency:
99 +1%

@ Litrow ~ A Litrow
Wavelength [nm] ~ 1000-1100
Polarization TE
S n e Line density 1750
[lines/mm]

Measured Diffraction Efficiency:
90+1%

Littrow

In a typical 4-Pass Pulse Compression Setup, through the
e2® PCG the laser output increases by about 30%.
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e2® - Transmission PCG:

Efficiency Mapping @ Littrow angle

—_—
JENOPTIK

Grating 1,2: 78 x 22 mm?2, 1750 lines/mm
on 6.35 mm thick substrate
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Measured @ 1030 nm
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Grating 3: 90 x 25 mmz2, 1700 lines/mm
on 6.35 mm thick substrate
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Grating 4: 100 x 20 mm?2, 1700 lines/mm
on 9 mm thick substrate
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e?® Transmission PCG: —
Wavefront Distortion Exemplary Results JENOPTIK

Normal incidence: Incidence at Littrow angle 32,5°:

Filter : Filter ]

Terms Removed : Tilt (Plane) . Terms Removed : Tilt (Plane) ,

Wavelength 1 632.8 nm WaveLength :632.8 nm

‘Wavelength ISO : 546.1 nm WaveLength ISO :632.8 nm

PTV T0118wWY ISO: PTVt = 0487 ; PTVr = 0.361; PTVi = 0.157; PTvs = 0.028; PTVa= 0.160wv PTV © 0192wy ISO: PTVt = 0.609; PTVr = 0.452; PTVi = 0.238; PTVs = 0.095: PTVa= 0.309 wv
RMS © 0.024wv ISO: RMSt= 0.110: RMSr= 0.107; RMSi = 0.029: RMSs= 0.007 : RMSa= 0.028 wv RMS © 0.029wv ISO: RMSt= 0.137; RMSr= 0.132; RMSi= 0.035; RMSs= 0.005; RMSa= 0.035 wv

DIN/ISO 10110-5 : 3/ 0.722 ( 0.314 / 0.055 ) @ 546.1 nm DIN/ISO 10110-5 : 3/ 0.904 (0.476/0.189 ) @ 632.8 nm

L.= 0833um L.= 0.633 ym
-0.094 wv -0.109 wv
=0.101 wv -0.121 wv.
-0.108 wv -0.133 wv.
0116 wv -0.145 wv
-0.123wy -0.157 wv
-0.130 -0.169
-0,1373 -0.181 m
-0.145wv -0.193 wv
-0.152 wv . -0.205 wv.
-0.158 -0.217
-0,16735 t - -0.229w
f E A/g =0.174 wv -0.242 wv
W "~ 0.181ww . 0254 wv
avetront Error: T Wavefront Error: ~ A/5 a5
~Dl203wv -0.290 wv.
<0.210wv -0.302 wv

Normal incidence — Incidence at Littrow angle 32,5° —
removed spherical aberration: removed spherical aberration:

Filter : Filter H

Terms Removed : Pawer (Sphere) , Tilt (Plane) , Power : Rho = 4 298E-08/mm ; Sag = 0.197 ym Terms Removed : Power (Sphere) , Tit (Plane) , Power : Rho = 5,036E-08/mm : Sag = 0.285 ym

Wavelength 16328 nm WaveLength SB3ZEnm

Wavelength ISO : 546.1 nm WaveLength IS0 : B32.8 nm

PTV T 0.08%wv ISO: PTVt = 0.487; PTvr= 0.361; PTVi = 0.157; PTVs = 0.028; PTVa= 0.160wv PTV D 058wy ISO: PTVE = 0.609: PTVr = 0452 PTVI = 0.233: PTVs= 0.095: PTVa= 0309wy
RMS : 0023wy | ISO: RMSt= 0.110: RMSr= 0.107: RMSi= 0.029: RMSs= 0.007: RMSa= 0.028 wv RMS o 0028wy | ISO: RMSt= 0.137: RMSr= 0.132: RMSi= 0.035: RMSs= 0.005: RMSa= 0.035wv

DIN/ISO 10110-5 : 3/ 0.722 ( 0.314/ 0.055 ) @ 546.1 nm DINIS0 10110-5 : 3V 0.904 ( 0.476/ 0.189 ) @ 632.8 nm

L= 0533pm
D082 wv

L= 0833um
0.046 wv

ash A i iR aor
Wavefront Error: ~ M/10 s Wavefront Error: ~ A/6 b
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e2® - Transmission PCG:
Customers Feedback JENOPTIK

— Measured Efficiency up to 99,7%

— 4-Pass Compressor Efficiency up to 95%
— Very good pulse quality

— Low M2 degradation

— Low astigmatism evolution observed

— No overheating observed

— Max Power Density > 1 TW/cm?

LIDT > 0.6 J/cm? @150fs

LIDT > 1.4 J/cm? @638fs
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Contact —
JENOPTIK

Efficiency Enhanced Gratings for Enhanced Laser Performances

DR. MARIA OLIVA Phone  +49 3641 65-2456

KEY ACCOUNT MANAGER Fax +49 3641 65-2443
MICROOPTICS E-mail  maria.oliva@jenoptik.com

http://www.jenoptik.com
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