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The Challenge: High Power Amplifiers

800 ps up to 1 MHz

A
v
—

100 ms

Repetition Rate: 100 kHz burst

Pulse Energy: 1mlJ
Power: 100 W

Pulse Duration: 30fs

(<10 fs — 100 fs)
Wavelength: 700 - 950 nm
tunable
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The Solution: Optical Parametric Chirped-Pulse Amplification (OPCPA)

Stretcher ___ OPCPA-pump System _ Com
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3 Stage
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2. Frontends
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3 Stage Comp.
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5. Latest Results and Outlook (High Average Power OPCPA)
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1. Introduction OPCPA

a) b)

signal pump

pump i -
Ti:sapphire Signal nonlinear

crystal
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1. Introduction OPCPA

a) b)
signal S
— > ;

pump

Signal nonlinear
crystal

Ti:sapphire

Advantages of OPCPA:

* Broadband amplification
(pulses < 10 fs)

* Wavelength tunable

e Scalable to high powers
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1. Introduction OPCPA
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2. Frontends

2. Frontends

Pump
Seed

Ti:Sa Osc.
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Stretcher + Dispersion Control ~ opp

3 Stage Comp.
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2. Frontends

> to OPCPA-pump System

-~ White Light Generation -,

Yb-fiber Yb:fiber 5 to OPCPA:
Osc. Amp. : L7

Stretcher Comp.

Schulz et al., Opt. Lett. 36, 2456 (2011)
Riedel et al., Opt. Exp. 21, 28987 (2013)
Riedel et al., Opt. Lett. 39, 1422 (2014)
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2. Frontends

1Y

spectral intensity /(A) (a.u., log.)

1030 nm

4

_80 i 1 i 1 i 1 i 1 i 1 A 1 A 1 A A
600 700 800 900 1000 1100 1200 1300 1400 1500

wavelength A (nm)

Riedel et al., Opt. Exp. 21, 28987 (2013)
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. Frontends

S 1000 —— | s
E 800 | el < -
8 400 [ — WLG power i, &
£ 200 | stability < 0.85% rms 12 O
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0 5 10 15 20 25
time ¢ (h)

Riedel et al., Opt. Exp. 21, 28987 (2013)
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3. OPCPA-Pump Systems

3. OPCPA-pump systems
Stretcher OPCPA-pump System

________________________________________________________________________

Pum
Seedp Fiber Innoslab
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__________________________
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3. Pump Laser Systems

1. Fiber Amplifiers

Laser
Doped
« core
Pump
beam

Cladding

G. Huber et al., J. Opt. Soc. Am. B,
27,B93 (2010)

High Surface-to-Volume Ratio
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2. Slab Amplifiers

pump

laser
light

3. Thin-Disk Amplifiers

YhYAG disk

longitudinal
heat flow

heat sink

purmnp light

—

laser light

~—

dielectric coating

Encyclopedia of Laser Physics and

Technology
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3. OPCPA-Pump Systems

1. Fiber Amplifiers
-, WIEERy,, Output powers > 800 W

T111/]
mV”“ 00y,

% Eidam et al., Opt. Lett. 35, 94 (2010)
£ (pulse energy ~ 10 W)

. N
"‘ffumm\b*\\
Stutzki et al., Opt. Lett. 37, No. 6 (2012)

2. Innoslab Amplifiers
Source: Amphos GmbH Yb:YAG Innoslab amplifier (AMPHOS GmbH)

Output beam Input beam
(amplified) (seed)

250 W (2010) = 500 W (2011) - 1.5 kW (2012)

Schulz et al., Opt. Lett. 36, 2456-2458 (2011)
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3. OPCPA-Pump Systems

3. Thin-Disk Multipass Amplifier Development

Folding Output beam
MIrrors T |
| Qwp
Disk on \\ = =
heat sink o | Back reflecting
P | Mirror
Pump beam Input beam 3 e
¥ TFP Mirror Array
Pump Head: Trumpf Laser GmbH FOIdmg
MIrTors

M. Schulz et al., Opt. Exp. 20, 5038-5043 (2012)
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3. Pump Systems: Thin-Disk (World Record)

Schulz et al., FTu4A.2 (2013)

a) Spatial filter Spatial filter
Fiber I Innoslab Innoslab I Thin-disk Thin-disk
— —
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3. OPCPA-Pump Systems

—mm

Average Power

Pulse Energy 0 + ++
Single Pass Gain o + -
Pointing Stability ++ + -

Energy Scaling -- i ++
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4. OPCPA setup

fiber + Innoslab
amplifiers

0.3md
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(2014).
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4. OPCPA: short pulse

1,0 r T " T T T T T
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4. OPCPA: wavelength tunable (long pulse)

1,0 - .

ISignlaI - Pump Pulse: 1 ps
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4. OPCPA: long pulse/flexible A_
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4. OPCPA: (1 mJ x 100 kHz =) 100 W burst (World Record)
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4. OPCPA: 100 W (~30 fs)OPCPA
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5. Latest Results

Thermal Imaging

BBO 127 ppm/cm
LBO 86 ppm/cm
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5. Latest Results

Thermal Imaging Common-Path Interferometry

BBO 127 ppm/cm BBO 43 ppm/cm
LBO 86 ppm/cm LBO 37 ppm/cm
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5. Latest Results

Thermal Imaging Common-Path Interferometry

4
33.2° g%
: Ly
A
29.4° h
BBO 127 ppm/cm BBO 43 ppm/cm
LBO 86 ppm/cm LBO 37 ppm/cm

> 10 kW pump > 1 kW OPCPA

Riedel et al., Opt. Exp. 22, 17607 (2014)
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5. Outlook

Riedel et al., “Power Scaling of supercontinuum
seeded MHz repetition rate OPCPA”,
Opt. Lett. 39, 1422 (2014)

Pulse Duration: <30fs
Pulse Energy =35wW
Jrep = 3.25 MHz
Power =114 W
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OPCPA Advantages

e Scalable to high powers
* Large Bandwidth

* Wavelength tunable

* Compact Design
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5. Outlook

Riedel et al., “Power Scaling of supercontinuum OPCPA Advantages
seeded MHz repetition rate OPCPA”,

Opt. Lett. 39, 1422 (2014)  Scalable to high powers

e Large Bandwidth
* Wavelength tunable
* Compact Design

CLASS photonics

Pulse Duration: <30fs

flexible high average power laser sources
Pulse Energy =35 http://class5photonics.com

freo = 3.25 MHz

Power =114 W ptical arametric hirped- ulse mplifiers
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