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 Early EUVL with LPPs: 

Nagel, Brown, Peckerar, Ginter, Robinson, McIlrath and Carroll PK, 

Appl. Opt. 23 (9) 1428, 1984 

4 – 8 nm, steel spectrum, 

20 min exposure at 10 Hz. 



 13.5 nm - recent progress 

 

 6.X nm – Gd & Tb, Ge & Ga. 

 

 Water Window  (2.4 – 4.4 nm) – Zr. 



 13.5 nm - recent progress 
◦ Understanding Sn sources 

◦ Developing new applications 

◦ Novel source ideas 

 

 6.X nm – Gd & Tb, Ge & Ga. 

 

 Water Window  (2.4 – 4.4 nm) – Zr. 



 Time-resolved Sn Emission: 

Ф = 4.4x1012 W/cm2 

Pulse duration = 7 ns (fwhm) 



 Simulation of Sn LPP using CRETIN (with Howard Scott, LLNL) 



 Small Source development – high brightness (NLT) 



 Novel Colliding-Plasma Substrate for HVM Source 

Collisionality Parameter:  
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Plasma - Plasma Separation 

Ion - Ion Mean Free Path (mfp) 





 13.5 nm - recent progress 

 

 6.X nm – Gd & Tb, Ge & Ga. 
◦ Looking for targets that work at lower φ 

◦ Looking for targets potentially suitable for liquid drop targets 

 

 Water Window  (2.4 – 4.4 nm) – Zr. 



 Motivation: 

 

 

 

 Materials: Tb & Gd 

 Potentially Ge & Ga 

Y. Platinov et al., “Status of multilayer 
coatings for EUV Lithography” 2011 Int. 
Workshop on EUV Lithography, Hawaii  



6.x nm - Tb 

Tb XIX & XX 

Tb XX 

Tb XIX 

Tb XIX 

The most 
important 
transitions occur 
in Ag-like, Pd-like 
and Rh- like 
 
Gd XVIII-XX, Tb 
XIX - XXI 
 
i.e. Ions with 
4d104f, 4d10 and 
4d9 ground states 



6.x nm – Gd 

Temporal evolution of Gd 

spectra at Ф = 5.5x1012 W/cm2  



6.x nm - Gd 

 6.x nm temporal width reduced at lower power density:  

6.x-nm emission duration.  
2.5 ns for Ф = 6.6x1011 
W/cm2  
 7.5 ns for Ф = 6.6x1011 
W/cm2  
 
Nd:YAG λ = 1064 nm, 7 ns 
(FWHM) @50 Hz. 



Dohring et al JPB 27, L663 (1994) 

Calculation of 3d-4f emission in Ga and Ge 

for an optically thin plasma 



 Ga is liquid at 30 oC 

 Te of 50-60 eV required compared to 110 eV for Gd.... 

 Spectra below are of Ge, similar to Ga. 



 13.5 nm - recent progress 

 

 6.X nm – Gd & Tb, Ge & Ga. 

 

 Water Window  (2.4 – 4.4 nm) – Zr. 
◦ Looking to targets that work at lower φ 



Comparison of experimental Zr 

spectrum with theoretical 3d-4f (A) 

& 3d-4p (B) resonance transitions. 

 

Laser power density = 2 x 1013 W/cm2 

Pulse duration = 150 ps 

Pulse energy = 240 mJ 



Spectral behavior of Zr 

plasmas as a function of 

laser intensity.  

 

Resonant 3d4f (1) and 

3d4p transitions as well as 

satellite lines from 3dn-

14s4f3dn-24s4f (2)  



Spectra from 150-ps  

LPP formed on: 

a) C 

b) Si3N4 

c) Mo 

d) Zr 

e) Bi 

 

APPLIED PHYSICS LETTERS 102, 041117 (2013) 



Water 

window 

emission 

(total counts) 

as a function 

of power 

density for  

150-ps (a) 

and 7-ns (b) 

lasers  
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