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Radiating power of a pulsed EUV source 

CCE EfEfP   

An increase of the EUV radiating power can therefore be reached on one hand by 

increasing the repetition rate f, and, on the other hand, by maximizing the usable radiation 

energy E emitted per pulse. 

 

With spatially extended sources, not the entire radiation emitted by the source can be used 

by the optical system. Therefore a term "usable radiation energy" or "usable radiation 

power" is introduced. In order to keep the power input f·EC manageable the conversion 

efficiency is crucial, i.e. the transformation of the provided input energy into the usable 

radiation energy.  

 

Both aspects, the maximization of the repetition rate and the optimization of the conversion 

efficiency are intensively investigated during the EUV light source development. 

P     average in-band radiating power (in 2 % bandwidth at 0), 

 f     repetition rate,     CE     conversion efficiency, 

E     radiation energy in 2 % bandwidth at 0,     EC    input energy 
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LPP and DPP 

From a technological point of view, there are two most attractive ways to feed the 
energy necessary for the pulsed heating into the plasma: 

• Laser produced plasmas (LPP) 

The energy for the production of the plasma is applied here in form of pulsed laser 
radiation to a target. 

• Discharge produced plasmas (DPP) 

The energy necessary for the production of the plasma is delivered by a high-current 
discharge within a working gas. 

An overview of the typical parameters for the two different EUV source concepts: 

  Parameter   LPP  DPP 

  Pulse duration [ns]    0.2-10  10-100 

  Energy [J/pulse]   0.25–1.5 2-10 

  Diameter [mm]   50-100  100-500 

Main further difference is the much lower number density in discharge plasmas. 
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Laser produced plasmas for EUV radiation 

A laser beam is focused onto a target with intensities 

around 1011 W/cm2. The laser light converts neutral 

target material into a hot and dense plasma (by e.g. 

photoionization, high-field breakdown etc.). Dominant 

mechanism for the subsequent plasma heating  is the 

inverse bremsstahlung. The emitted EUV light depends 

on the chemical and physical composition of the target 

(elements, phase, size) and the laser parameters (pulse 

duration, wavelength, intensity). 
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Discharge plasmas for EUV radiation 

Source: Intel 

• Plasma temperature ( Te )    > 20 eV 

• Plasma density ( ne ) > 1018 cm-3 

• Initial gas pressure ( p ) 10 - 100 Pa 

• Peak current  ( Imax ) 10 - 20 kA 

• Pulse duration ( tp )     few 100 ns 

• Current density ( j ) 104 - 105 A/cm2 

• Pulse energy  ( E ) 1 - 10 J 

• Dimensions  ( d ) mm - cm 

current Iz 

magnetic field Bf 

j x B force 
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Different electrode geometries of DPP EUV sources 

Hollow cathode triggered  

(HCT) pinch plasma 

Z-pinch configuration 

Laser triggered vacuum arc 

 with rotating electrodes 

Plasma focus 
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Commercial EUV sources 
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Sources for EUV technology  

Today’s achieved radiating power (0 = 13.5 nm) and repetition rates for different source concepts  
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EUV sources in Aachen 

Repetition rate up to 4 kHz 

EUV (10 – 20 nm): > 400 W/2sr 

EUV (13.5 nm, 2% bw): 65 W/2sr 

N2 

Xe 

Xe 

Sn 

Wavelength = 2.88 nm (430 eV) 

Repetition Rate: 1 – 2 kHz 

Photon Flux: 1*1014 Ph/2sr 



Figure Nr. 11 
Dr. Larissa Juschkin 



Figure Nr. 12 
Dr. Larissa Juschkin 

Hollow Cathode Triggered (HCT) pinch plasma 
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EUV lithography - driving force of source development 

Source: Intel 
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Challenges due to EUV lithography 

References : Sematech Symposia, Antwerp 2003, Dallas 2002   

pinch length      : 1.6 mm 

Pinch diameter      : 1.3 mm 

opening angle        : > 100 o  

Lifetime : 1011 Pulse 

* keV ions, neutrals (debris) 

* electrode erosion 

 

Repetition rate : > 7 kHz 
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Challenges of source development 
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Electrode lifetime: multiple cathodes 

Source: Intel 

End-on image in EUV 

Film: pinch images in the visible spectral 

range in a time window of 500 ns 
Electrode surface after one shot in a HCT discharge 

Cathode spots 
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Tin vacuum arc - power scaling 
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Debris - particles emitted from the source 

• Fast particles from pinch plasma itself  (charged) 

• Sputtered particles from electrodes (charged and neutral) 

• Sn from discharge 

ASML 

thin metal  

lamellae 

Radiation 

can pass 

Foil Trap 

buffer 
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Particles  
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Photos 

Philips Extreme UV Sn Source Debris mitigation: IR camera image 
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EUV source technology limits 

DPP LPP 

Xe Sn Xe Sn 

Today Ultimate Today Ultimate Today Ultimate Today Ultimate 

Input power (kW) 20 30 20 30 2.5  15 1 15 

Conversion efficiency (%) 1.00 1.00 2.00 3.00 0.8 1.2 2.5 3 

Power at the source (W) 200 300 400 900 20 180 25 450 

Collection (sr, out of 2sr) 1.8 3.14 1.8 3.14 3.14 5 3.14 5 

Collection ability (% of 2sr) 29 50 29 50 50 80 50 80 

Collectior transmission (%) 65 70 65 70 65 70 65 70 

Debris mitigation transmission (%) 80 80 80 80 100 100 100 100 

Gas transmission (%) 85 85 85 85 85 85 85 85 

SPF transmission (%) 40 70 40 70 40 70 40 70 

Etendue match (%) 75 100 75 100 100 100 100 100 

Effective collection capability (%) 4 17 4 17 11 33 11 33 

Power at intermediate focus (W) 8 50 15 150 2 60 3 149 
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ASML LPP source concept 
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ASML source yield and projected scanner productivity 
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Source: 2nd international EUVL Symposium 2003; Antwerp; Belgium 
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Players with papers in the conferences 

Laser-produced plasma (LPP): 

• TRW 

• Innolite 

• JMAR 

• Xtreme technologies 

• Powerlase 

• Alcatel / Thales 

• Gigaphoton / Komatsu 

• Cymer 

Gasdischarge plasma (GDP): 

• Cymer (historically, untill ~2004) 

• Plex 

• Xtreme technologies 

• Gigaphoton / Ushio 

• Philips Extreme UV 
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Radiation from hot plasmas 

Xenon emission spectrum in the EUV 
region 
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Argon emission spectrum in the soft x-ray region 

Te ~ 10 – 500 eV, ne ~ 1017 – 1021 cm-3  

Einput ~ 0.25 – 10 J/Puls, tpuls ~ 0.2 – 100 ns 

plasma ~ 50 – 500 mm  

> 50 mJ/pulse/(2sr) @ 1-20 nm 

> 5 mJ/pulse/(2sr) @ 13.5 nm +/-2 % 

Xenon emission spectrum in the EUV region 
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Pseudo-Planck emitter 

Pseudo-Planck emitter: radiation source, whose emission in a spectrally limited interval 

reaches the Planck curve, not however necessarily for the entire and/or a broader range 

•  maximum possible radiance for Tplasma in steady state 

•  Boltzmann distribution of population densities required 

•  large optical thickness over the line of sight required 

The most suitable candidates in XUV: Resonance 

transitions  
Opacity influence on line profile 

 )(1 


 eSL
Spectral radiance L at the surface of 

a homogeneous radiating plasma:  
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Possible line intensities 

Radiance of one optically thick line (1/2 ~ 2Doppler)  

at 13.5 nm for Li (6.94 u), Sn (118.7 u) and Xe (131.3 u) 
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•  useful for rough estimate of 

    maximum power 

•  electron temperature has to match 

    ionization level balance 

    (avoid over-ionization) 

•  electron density ensuring 

    Boltzmann distribution and opacity 

•  optimizing by increasing Te possible 

    in transient plasmas, especially  

    for lower densities 

•  resonance UTA with broader spectral 

    range and corresponding higher 

    radiation power  

•  increasing of lifetime for higher 

    radiation energy 
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LPP und DPP 

P 
laser 

EUV 

Target 

Plasma 

Lens 

Power supply

energy storage
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F = j X BF = j X B

Parameter LPP DPP 

Pulse duration ns 0.2 – 10 10 – 100 

Energy J/Puls 0.25 – 1.5 2 – 10 

Diameter mm  50 – 100 100 – 500 

Typical parameters for 

laser and discharge 

produced plasmas  

Laser produced plasma Discharge produced plasma 

Te ~ 10 – 500 eV 

ne ~ 1017 – 1021 cm-3  
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Summary on XUV sources 

(2000) 

800W/2sr 

7 kHz 

Today’s achieved radiating power (0 = 13.5 nm) and 

repetition rates for different source concepts  
basic physics:      

• single lines or bunch of lines (UTA) 

   are most intense contributors 

•  Planck limit better achieved in LPP 

    because of higher density 

•  XUV lasers exist - more sophisticated 

    to achieve plasma parameters 

•   emission always pulsed, max. few 100 ns 

technological aspects 

• LPP and DPP with main differences 

   in diameter and pulse duration 

• large technological progress within 

   the last decade due to EUV lithography 

• commercial sources already available 

• impact on laboratory scale applications Source: L. Juschkin, G. Derra, K. Bergmann, EUV Light Sources, Contr. to 

„Low Temperature Plasmas. Fundamentals, Technologies, and 

Techniques”, ed. by R. Hippler, H. Kersten, M. Schmidt, K.H. Schoenbach, 

619-654, (2007)  

burst 

continuous 

Tin Philips 2008 


