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Outline

• Thin disk lasers in EUV radiation field

• Thin disk beamlines at Hilase – current 

status and directions

• Disk laser extensions and customized 

systems



High power/energy pulsed laser applicatons

High-average-power, 100-Hz-repetition-rate, 
tabletop soft-x-ray lasers at sub-15-nm 
wavelengths; Brendan A. Reagan, et al.
Phys. Rev. A 89, 053820

Courtesy:Gigaphoton Inc.



Laser Compton back scattering



Smoothing of FEL pulses by UV picosecond 

laser seeding



Optical pumping of CO2 lasers

• High pressure CO2 amplifier

• MOPA design – tens of kW

• Small signal gain 5-10%/cm

• High efficency and small size

• Ultrashort pulses <1ps feasible



PERLA thin-disk laser systems

„Teaming for Success“
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Thin-disk geometry for high-power lasers

Thin-disk pros and cons:

+ Efficient cooling

+ Low thermal lensing

+ Axial heat flow

+ Low nonlinearities (B-integral,SPM)

- Low single pass gain

Diamond substrate, 

sapphire, SiC, etc.

HR 

coating
AR 

coating

Solder/Epoxy/

ADB/etc.

Yb:YAG thin disk 

(~200um)

Cooling water

Laser beam



„Teaming for Success“

• Laser heads

• Thin-disk modules

• High power Pockels cells

Core technology development



Colorado 

State 

University

PERLA A- cryo-cooled thick disk laser



Beam profile – near field
Near field

beam profile

Std. Dev.: 0.7% 

(rms)

PERLA A100 cryo-cooled thick disk amplifier

Mx
2: 1.25

My
2: 1.27

Far field 10 W, 100 Hz, 100 mJ, 1.5 ns (FTL 4 ps)



PERLA B- room temperature thin-disk beamline



PERLA B20

Output pulse energy 20 mJ @ 1 kHz (10 mJ compressed)

Pulse duration 1.7 ps (sech2)

Power stability 0.5% RMS

Pulse-to-pulse energy stability 0.6% RMS

M2 1.22/1.23 (after compressor)



4x3 array -12 passes (with λ/4 plate)

Mirror with λ/4 plateThin disk

TFP

Nearly collimated seed beam propagation within the multipass amplifier with 24 reflections on thin disk TD

Thin disk position

PERLA B500- thin-disk Multipass amplifier



Nearly collimated seed beam propagation within the multipass amplifier with 24 reflections on thin disk TD

Pump 940 nm

Pulse width1.5 msec at 100  Hz

Delay between pump and first pulse in burst-550 µs

Seed

1.2 mJ/pulse at 10 kHz

10 pulses/burst at 100 Hz

12 mJ/burst

22 mJ/pulse

PERLA B500- Burst-mode amplification

100 us (10 kHz) 10 ms (100 Hz) 1 ms (10x100us)



PERLA C- room temperature thin-disk beamline

Regenerative amplifier

1 mJ (100 W @100 kHz) 
PERLA C100

PERLA C1000

PERLA C500 Regenerative amplifier

6 mJ (550 W @92 kHz)

Regenerative amplifier

20 mJ (1000 W @50 kHz)

high-repetition rates (50-500 kHz)



▪ Single-disk ring regenerative 

amplifier

▪ Compact size (1.2×0.8 m2 footprint) 

▪ Maximum achieved output power 

550 W @92kHz (pulse energy 6

mJ)

▪ High efficiency (>40%)

▪ Long-term stable operation

▪ Up to 9-mJ pulse energy @50kHz

▪ Good beam quality (M2 ≈ 1.4)
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PERLA 100

Standard PERLA 100 configuration:

• 100 W, 100 kHz, 1 mJ, 1030 nm

• Pulse compressor for <2 ps

• Integrated all-in-one control system

• Active beam stabilization system

• Thermally-stabilized robust housing

Options:

• Integrated pulse-picker

• Motorized and automated attenuator

• Laser safety output shutter

• Air or water cooling possible

• Stand-alone amplifier

• 2nd, 3rd, 4th harmonics or Mid-IR OPA stage on 

the output of the laser in a form of additional 

module with thermally-stabilized robust 

housing and control system integration



Cavity performance in regen (pulsed) operation mode

The regen operated with 53W @10kHz 

(5.3mJ) output pulse

Max. O-O efficiency: 34% 

Content Value

Central wavelength 1029.89 nm

Bandwidth (FWHM) 2.92 nm

Output power (avg.) 53 W

Power stability (RMS) 0.7% (2 h)

Repetition rate 10.12 kHz
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„Teaming for Success“

PERLA D- 2um laser system

2 um TD laser head

High power Tm fiber pump laser (100W)

Comparison of Ho:YAG TD



PERLA B (20 W, 1 kHz, 1.5 ps):

2ω (515 nm): LBO crystal, 4 W at 515 nm from 7W at 1030 nm (60% efficiency)

Application of the harmonics for our users is in cutting, microprocessing and surface 

phase modification of different materials.

4 (3W)2 (30 W) 1 (100 W) 

Harmonic Wavelength (nm) Crystal Power (W) Efficiency

2ω 515 LBO 90 ~50% from 1ω

3ω = 1ω + 2ω 343 LBO 40 ~40% from 2ω

4ω = 2ω + 2ω 258 CLBO/BBO 20 ~20% from 2ω

5ω = 1ω + 4ω 206 CLBO 1 ~20% from 4ω

Harmonics generation



Output spectra of the OPA
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Fluence profiles of the OPA output beams

1750 nm signal (left) and 2500 nm idler (right)

• Optical parametric amplifier s – PPLN, KTA NL crystals

• 1.5 to 3.2 (3.5) μm wavelength tunability

• 11 W output power KTA (1950 nm signal + 2180 nm idler)

• 15 W output power KTP crystal

• 1.3 ps pulse duration, fs amplification possible 

• repetition rate 88.9 kHz

• Pulse picker available

Broadly tunable, high-power mid-IR OPA



Summary

• Rich experience in thin-disk lasers
10 W, 100 Hz, 100 mJ, 1.5 ns (FTL 4 ps)

20 W, 1 kHz, 20 mJ, 1.8 ps

100 W, 100 kHz, 1 mJ, 1.4 ps

550 W, 92 kHz, 6 mJ, <2ps

>1 kW available soon

Wavelengths from 206 nm up to 3.2 um 

• Commercial Laser Development 

- PERLA 100 platform with wide range of option features

- GOseries mode-locked oscillators available in different 

configurations

• Core technology development
Thin-disks, thin-disk laser heads, oscillators, regenerative amplifiers

• Perla applications
Multi-beam processing, surface treatment, processing by difractive optical 

elements, precise micromaching, EUV and soft x-ray generation (plasma)


