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One of the main challenges regarding condenser mirrors for EUVL is 
lifetime, since these optics are subject to increased heating and 
contamination. One approach would be to manufacture inexpensive 
substrates and multilayer-coat with the appropriate material pair, that would 
meet all required specifications and would allow replacement at no 
substantial cost.

We are developing polymer-smoothing processes for diamond-turned* 
(such as Al) and ground/polished (SiC, Si-SiC) substrates to reduce mid- and 
high-spatial frequency roughness, and novel multilayer coatings for normal 
incidence operation at EUV wavelengths. Both components (smoothed 
substrate, multilayer coating) need to satisfy a unique set of properties such 
as high thermal stability (T ≥ 400 °C), to be compatible with operation under 
EUVL source environments using alternative fuels. 

IntroductionIntroduction

*R. Soufli, E. Spiller, M. A. Schmidt, J. C. Robinson, S. L. Baker, S. Ratti, M. A. Johnson and E. M. Gullikson, 
“Smoothing of diamond-turned substrates for extreme-ultraviolet illuminators”, to be published in the Dec. 2004 
issue of Optical Engineering

XPS analysis of the smoothing polymer before and after annealingXPS analysis of the smoothing polymer before and after annealing
for 4 hrs / 400 for 4 hrs / 400 °°C shows C shows nono significant chemical changessignificant chemical changes
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Carbon Chemical States in %   
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Cured 71.3             15.8                  12.9

Cured + Annealed                   72.9              16.2                 10.8
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AFM analysis on twoAFM analysis on two--phase phase SiSi--SiC SiC substrates demonstrate substrates demonstrate 
siginificant siginificant highhigh--spatial frequency roughnessspatial frequency roughness

Center point
Edge point 1
Edge point 2

σ= 28.3 Å
(f = 10 -3 nm-1 - 5×10-2 nm-1 )

2×2 µm2 AFM scan

10×10 µm2 AFM scan

The increased roughness of these substrates 
makes them excellent candidates for the 
polymer- smoothing process

Acknowledgement: Substrates courtesy of Tinsley-SSG

Zygo magnification=20x, P-V=2810 Å 

Zygo magnification=5x, P-V=5542 Å 

MidMid--spatial frequency morphology of spatial frequency morphology of SiSi--SiCSiC substrates could substrates could 
greatly benefit from polymergreatly benefit from polymer--smoothing processsmoothing process

1.47 mm

0.37 mm

Zygo magnification=40x, P-V=4108 Å

0.18 mm

Acknowledgement: TOPO software used in this analysis, written by D.L. Windt

Modeling* indicates that the optimum number of Modeling* indicates that the optimum number of 
bilayersbilayers for MoSifor MoSi22/Si is ~100/Si is ~100

*Using values from the CXRO tables for Mo, Si optical constants.

8% increase in reflectivity was achieved experimentally 8% increase in reflectivity was achieved experimentally 
due to increase in the number of due to increase in the number of bilayersbilayers

Modeling predicts 7.9% increase in 
reflectivity for a 100 bilayer MoSi2/Si 
compared to a 50 bilayer one. 

Experimental data:
R ~ 42% (N = 100)
R ~ 34% (N = 50)

Note the change in the peak width 
from 0.3 nm (N = 50) to 0.23 nm (N = 
100). This shrinkage of the peak width 
is also predicted with a model.

However, the maximum theoretical 
reflectivity is still much higher than 
experimentally achieved. Cross 
section TEM imaging is necessary to 
study the multilayer structure.  

The reflectance and wavelength stability of The reflectance and wavelength stability of MoSiMoSi22/Si /Si 
multilayersmultilayers aafter 96 hours at 400fter 96 hours at 400ººC is excellentC is excellent

0.3113.5834.996 hrs at 
400ºC

0.3113.5934.948 hrs at 
400ºC

0.31513.7735.3As-
deposited

FWHM 
(nm)

λ (nm)R (%)*

Experimental results from N=50 bilayers of MoSiMoSi22//SiSi

This work was performed under the auspices of the U.S. Department of Energy by the University of California Lawrence Livermore National Laboratory under Contract No. W-7405-ENG-48. The work at Lawrence 
Berkeley National Laboratory was performed under the auspices of the U.S. Department of Energy under contract No. DE-AC03-76F00098. Funding was provided by Intel Corporation.
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σ = 205 Å rms
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PolymerPolymer--smoothing process dramatically improves aluminum smoothing process dramatically improves aluminum 
roughness and maintains surface quality after 4 hrs/400roughness and maintains surface quality after 4 hrs/400°° CC annealingannealing

1-inch diameter Aluminum disk (6061 alloy)
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• CXRO tables combine Mo and Si optical constants data and a bulk MoSi2 density of 6.3 g/cm3 and 
predict 54% reflectance at λ=14.5 nm for MoSi2/Si. Using other experimental optical constant sets for 
MoSi2 (D. L. Windt, personal communication), the predicted reflectivity is 22%. 

• We measured transmission T and MoSi2 film thicknesses x to determine the wavelength-dependent 
refractive index n=1-δ+iβ of MoSi2, through: 

• T = T0*exp(- µx), where µ=4πβ/λ, to obtain β. Kramers-Kronig transformation will be used to obtain δ

New experimental data

CXRO Tables with ρ=5.4 g/cm3

Si L2,3

Si L1

Mo M2,3
Mo M4,5

Large discrepancies exist in optical constants literature for MoLarge discrepancies exist in optical constants literature for MoSiSi2 2 ––
new transmission measurements are underwaynew transmission measurements are underway

MoSi2 absorption µ

The density of our DC-
magnetron sputtered 
MoSi2 films was found to 
be ρ=5.4 g/cm3 through 
RBS/SEM measurements

Demonstrated smoothing of high-spatial frequency roughness on flat Al 
(from 205 Å to 4.3 Å) and Si-SiC (from 28.3 Å to 2.7 Å) substrates. Smoothed 
substrates showed excellent thermal stability after 4hrs / 400 °C annealing. 
Further smoothing and thermal tests on a variety of substrates are currently 
underway.

Developed MoSi2/Si multilayers with excellent wavelength / reflectance 
stability under 96 hrs / 400 °C annealing conditions. Further optimizations 
and testing of high-temperature multilayers are currently underway.

Performed new measurements of the density and the refractive index of 
DC-magnetron sputtered MoSi2 films, which are essential parameters in the 
modeling of MoSi2/Si multilayer performance

Ultimately plan to combine the optimum substrate and multilayer
solutions on curved illumination optics for commercial EUVL systems

Conclusions / FollowConclusions / Follow--on workon work

Smoothing improves highSmoothing improves high-- and midand mid-- spatial frequency roughness spatial frequency roughness 
of of SiSi--SiCSiC substratessubstrates

10-1

101

103

105

107

0.0001 0.001 0.01 0.1 1

bare Si-SiC substrate
smoothed Si-SiC substrate

Spatial Frequency (nm-1)

PS
D

 (n
m

4 )

σ* = 2.7 Å rms

σ* = 28.3 Å rms

* f = 10 -3 nm-1 - 5×10-2 nm-1


