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Abstract

The influence of the surface roughness of a glass substrate on the EUV
reflectivity of Mo/SI multilayer deposited on it by ASET’ s helicon sputtering
system was investigated.

Deposition by helicon sputtering was found to produce a smoothing effect
on the multilayer. That is, surface roughness with a spatial period below 100
nm is smoothed out, but that with a spatial period longer than 100 nm is not.
The result isthat the RM S roughness of aMo/Si multilayer is dlightly smaller
than that of the substrate.

The EUV reflectivity of the multilayer improved as the RM S roughness
decreased down to 0.30 nm, and than leveled off at about 65% below that
value, indicating that the EUV reflectivity islimited by some factor(s) other
than surface roughness. However, arelatively high EUV reflectivity of 65%
was obtained, even for an RM S roughness of about 0.30 nm.
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Background

EUVL mask substrate: Severerequirementsfor flatness

SEMI| Standard P37-1102

Flathess = 50 nm P-V
L ocal slope=1.0 mrad

HSFR (high spatial frequency roughness) = 0.15 nm rms

v

Cost-up for mask substrate
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Purpose

HSFR leadsto EUV reflectivity loss.

Can HSFR requirement be reduced by using smoothing
effect of Mo/SI multilayer coating?

v

1) Surface roughness befor e/after Mo/S multilayer
coating,

2) Relationship between EUV reflectivity and surface
roughness,

Weinvestigate

using two types of glass substrateswith various degr ees of
surface roughness.
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Experimental Procedure

Glass substrate

> AFM measur ement

A 4
Mo/SI multilayer deposition

> AFM measur ement

\ 4
EUV reflectivity measurement

Cross-sectional TEM observation

Glass substrate: 6025 quartz glass, 6025 glass ceramics
Mo/Si multilayer: Helicon sputtering, 40 periods

AFM: NanoScope | I1a controller ?’Dimension 5000 stage system
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Mo/SI Multilayer Sputtering System

Substrate rotation Helicon sputtering
Top view
Deposition
ESC Si target
Mo target
SM II\: pod Substrate (under Si target)

\

Sputtering conditions

Robot
Mo S
Ar pressure
% (Pa) 0.2 0.07
500 1000
@ > Powver M1 o0) | R
Coil (W) | 30 | 30
L/L chamber
Transfer chamber Substrate bias; Grounded
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AFM M easurement (Top View)

Glass substrate Mo/SI multilayer ?Glass substrate

0.0 nm

Digital InstriagEents NapoScope
Scan size 1.000 uwm
Soan rate 0.8138 Hz
Humher of samples o1z
Image Data Zoutput
Data scale 4,000 re

(1 umO)
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AFM M easurement (Power Spectral Density)

2D isotropic PSD (nm4)

1000

100

[N
o

o
[T

0.01

Glass substrate |

7777777777777777777777777

,,,,,,,,,,,,,,,,,,,

fffffffffffffffffffffffffffff

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
777777777777777777777777777777777

November 1-4, 2004

10

Spatial frequency (cycles/p m)

3rd International EUVL Symposium

100

A ]
7SET
B ™, i ]

EUV Process Technology 8



Surface Roughness (Multilayer vs. Substrate)
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Cross-sectional TEM Observation

AFM images (top view)

Glass substrate M o/SI multilayer ?Glass substrate
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Scan size 1.000 uwm
Soan rate 0.8138 Hz
Humher of samples o1z
Image Data Zoutput
Data scale 2:.000 rs
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Substrates without final polishing have scratches along the certain direction.

Cross-sectional TEM observation iscarried out along this scratch direction.
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Cross-sectional TEM I mage of Mo/SI Multilayer

“—Mo/Si multilayer surface

Bright: Si layers
(amor phous)

Dark: Mo layers
(polycrystalline)

100 nm

<«—Glass substrate surface
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| nterfaces Extracted from Cross-sectional TEM
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EUV Reflectivity vs. Surface Roughness
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Summary

For a Mo/S multilayer with ASET’ s helicon sputtering system, the
following was found.

1) Surface roughnesswith a spatial period below 100 nm is smoothed out,
but that roughnesswith a spatial period longer than 100 nm is not.

2) Asaresult, the RM Sroughness of a Mo/SI multilayer is somewhat
smaller than that of a glass substrate.

3) The smoothing of short-period roughness occursonly in about thefirst
10 bilayer s deposited on a substrate.

4) The EUV reflectivity improves asthe RM S roughness decr eases down
to around 0.30 nm, below which it levels off at about 65%. The EUV
reflectivity islimited by some other factor(s).

5) A relatively high EUV reflectivity of 65% isobtained, even though the
RM Sroughnessisabout 0.30 nm. Thisvalue satisfiesthe SEM| P38-1102,
Class B for EUV reflectivity.
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