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Extreme Ultraviolet Radiation

XUV Soft X-rays Hard X-rays

500 nm 200 nm 20 nm 5 nm 0.1 nm
Extreme ultraviolet (XUV)

 10 … 100 nm wavelength

 12 … 120 eV photon energy
2.5 eV 6.2 eV 62 eV 250 eV 12 keV

 Characteristic atomic absorption edges

 Transparency windows ( few-µm absorption length)

visible UV

 High spatial resolution 
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Compact EUV Sources based on High Harmonic Generation

recent work

… have seen an enormous development
    & enable novel applications!

… deliver coherent laser-like EUV radiation !



State of the Art: Laser-driven HHG-Sources

10 µW 

𝑃𝑃avg ~ 10 W 

noble gas

η~10-6
EUV

𝜆𝜆0 = 800 nm

High Harmonic Generation (HHG)
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Femtosecond laser (Ti:Sa)



State of the Art: Laser-driven HHG-Sources

100 µW 

𝑃𝑃avg ~10 W η~10-6
EUV

𝜆𝜆0 = 1030 nm

High Harmonic Generation (HHG)
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Femtosecond laser

x 10
𝑃𝑃avg ~100 W 

x 10
10 µW 

High average power fiber lasers

Phys. Rev. Lett. 112, 233002 (2014).
Nature Photon. 8, 779–783 (2014).
New J. Phys. 16, 033022 (2014).

noble gas

… deliver up to 2 kW of average power



Cascaded frequency conversion

η~10-6           η>10-4 

𝝀𝝀𝟎𝟎 = 515 nm

Femtosecond laser

𝑃𝑃avg ~ 100 W EUV

Second-harmonic generation 

x 100

x 100
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Argon gas jet

> 10 mW average power 
in a single harmonic line 
Klas et al., PhotoniX 2 (2021).

World record!
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State of the Art in High Harmonic Sources

InnoEUV: Efficient HHG to 13.5 nm

• 10 x higher conversion efficiency

• Record 3 µW power at 13.5 nm (2%BW)

• Scalable to mW - level



Research Institution

Co-Creation Project: InnoEUV

Industry Partner

Technology-Transfer Industry Advisory Partner

GSI Green IT Cube

HI-Jena  2 kW Laser

InnoEUV
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Funding from IVF: 0.9 Mio 



High Harmonic Generation
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What are the optimum driving laser parameters for efficient generation of 13.5 nm (92 eV)?

HHG cutoff (max. photon energy)
𝑬𝑬𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐦𝐦𝐦𝐦𝐦𝐦 ∝ 𝑰𝑰𝒄𝒄𝒄𝒄𝒄𝒄𝒄𝒄(𝝉𝝉) ⋅ 𝝀𝝀𝟐𝟐 [2]

1. 𝜆𝜆 and 𝜏𝜏 as short as possible for highest efficiency

2. 𝜆𝜆 long enough to reach a cuttoff energy of 92 eV

Perfect driving laser pulses:
515 nm, < 30 fs 

[1] A. D. Shiner et al., Physical Review Letters 103, 073902 (2009).
[2] P. B. Corkum, Physical Review Letters 71, 1994–1997 (1993).

HHG Efficiency
𝜼𝜼 ∝ 𝝀𝝀−𝟔𝟔 ⋅ 𝝉𝝉−𝟏𝟏 [1]

[2]

R. Klas et al., PhotoniX 7 (2026).



Generation of ultrashort, energetic and visible driving pulses
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Experimental Setup

- 100 fs² GDD per reflection

𝜂𝜂𝑆𝑆𝑆𝑆𝑆𝑆> 50 %

M. Karst, et al. Optics letters 48 (2023).



High average power EUV source
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516 nm
18 fs

360 µJ
7 W

20 kHz

z3

2-Step Propagation of the driving laser 
in the high-density gas-target:

1. Blue shifting of the central 
wavelength

2. Propagation with constant intensity 
over a prolonged distance

1. 2.

Patent pending
Karst et al, submitted (2026).

He



High average power EUV source
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516 nm
18 fs

360 µJ
7 W

20 kHz

Record-power level

2.

Karst et al, submitted (2026); patent pending

Scaling potential to 1 mW at 13.5 nm

10 x higher efficiency than direct
HHG with infrared driver! 

He



InnoEUV - Results

• Strategic partnership with industry partner established
• Framework agreement drafted

• German patent application 10 2025 110 210.4 + PCT
• Publication under review in Nature Communications

• Potential industrial applications identified
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Follow-up proposal for Helmholtz Validation Project 



Scientific Applications
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Research field matter Links to other research fields 

electronics

energy materials

A. Baasner et al., J. 
Mater. Chem. A 6, 
14787–14796 (2018).

biological imaging

W. Eschen et al., 
Light: Science & 
Applications 11, 
(2022).

Security

Sustainability

Health

EUV microscopy provides novel insights into 
structure and dynamics at the nanoworld!

C. Liu  et al. PhotoniX 4, (2023).

EUV enables spectroscopy and interferometry 
on extreme temporal scales! 

J. Rothhardt et al. X-Ray Spect. 49, 165–168 (2020). 

Time [fs]
S. Skruszewicz et al., Opt. Express 29,   
40333–40344 (2021). joint DFG project

C. Liu et al., PhotoniX 7, (2026). 
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High-resolution and chemically sensitive medical diagnostics

A) Overview of an H&E-stained tissue section; 
Calvarese et al., Sci. Adv. 10, eado9721 (2024)

EUV microscopy as a new label-free high resolution diagnostic tool

0.5 mm

100 μm

Proposal „MediEUV“ submitted to BMBF- call „Photonic and Quantum-Based Technologies for Medical Diagnostics”

First EUV microscopy image of biological tissue

20 μm
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Conclusion & Outlook

New performance level of HHG sources at 13.5 nm 
• Record 3 µW power in 2%BW
• Scalable to mW - level

Applications in fundamental science:
• ultrafast spectroscopy of atoms, molecules and HCI
• EUV microscopy for material science applications 

and medical diagnostics

Thank you for your attention!

Strategic partnerships with industrial partners 
established - new projects towards applications!
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