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Equivalent Work Surface

© Physics optics = Geometrical Optics
< Multilayer films = Figure of Mirrors

Ref.: [1]J. Wesner, F. Eisenkramer, J. Heil et al.. Improved polarization ray tracing of thin-film optical

[2] M. F. Bal, M. Singh, J. J. M. Braat. Optimization of multilayer reflectors for extreme ultraviolet program
@hography[]]. Journal of Microlithography, Micro-fabrication, and Microsystems, 2004, 3 (4): 537/ \
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Introduction

+ WaveFront Error for EUVL:A/14~1 nm RMS
+ Multilayer Coatings: 40~60 bilayers, Thicnkess@~300 nm
+ Commercial Optical Design Software

/ 0 Coating=energy apodization+phase shift
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Multilayer Films:

4 Equivalent Work Surface model based on Energy Conservation

7 Ly 7 %%
22 Energy Modulation S ﬁ S@
Aberrations o & 7
g
R S U
/When a beam emerges from vacuum to medium: \ 3*
d)\—‘ EWS
, | 2N (z) - - - - ‘ \)
E(z,0y) = € exp |iwt — 7 r(z,0,) E_\" !"-\ |
_ 21k (z) (1) ‘;—‘1‘.9_— Virtual
= cexp |- (22) r(2,6,)| S —-—\ Substrate
*exp [iwt - (Zni(z)) r(z, 90)] 7T
Y,
and define an attenuation factor:
N [ISO (55605 91’) Catt - Ist (6SCOS Ht)]Catt — Isr (55605 97‘)
41t
Catt = 15(2)/150= exp I_Tf k(z) dZ)] (2) find D’ C.. = I+ VT2 + 4R (3)
\ 0 / \ att .
7

C

Framwork forthe EVWWSE model
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D’ Multiple reflections and transmissions in D’> D” — D’ exp(—R,)
Surface reflection back into vacuum in advance D — (1 —_ RO)D ! exp(—R ,)
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High precision fitting <10pm RMS@worst

EID and Reflectivity v.s. Incident Angle
1

Substrate

ERD
R

68 10 12 14 16 18 20

o
@)
Reflectivity

/
~

\ A/ Qi < | [ ] C OTO e Incident Angle ( °)
%
/ 0.01709
. 4
Results % N LA
%2, 001713 ©\
3 ,
2 000 0.01 0.02 0.03 0.04 0.05 0.06

.

Composite RMS of Pupil Map(A@13.5 nm)

/
~

0.07

/

-

Summary

v Developed a novel model EWSE for multilayer film coted EUVL system based on the energy conservation principle
intuitive, widely adapted, the same energy modulation to real coated element

v Equivalent system can be constracted from EWSE and high precision fitting method
sharing with optical design program, easy to do, a two mirror projection was illustrated

\\/With the aid of ICA(instantaneous clear aperture), EWSE can be used for large filed, higher NA projections
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