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Background

high-precision reflectometry of multilayer

[dominant factors]
- wavelength calibration
- resolution
- elimination of stray light
- accuracy and repeatability of detector

- construction of ASET beamline
for EUV reflectometery

— - resolution of grating

- repeatability of detector

- noise (detector or AMP ......)
- goniometer

multilayer fabrication

[dominant factors]

- high-reflectivity + development of multilayer
. low-defect — deposition system
- uniformity
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ASET EUVL Beamline

Source: (NTT Super ALILYS)
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Reflectometer of EUVL Beamline ST

20arm and detector (Si photodiode) scan modes

1) Ascan, Oscan, 20scan
2) 0-20scan

3) linescan (6,26,A fixed)

sample
mask blanks/mirror
diameter: 200mmd¢
thickness: 50mm

T

measurement modes
reflectivity(multilayers)
transmission(resist film)

@fa:%' e

= specification

S reproducability (Reflectivity)
Barm and sample stage <R +0.5%
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EUV Reflectivity M easurement Flow

Super-ALIS
|0 measurement

Ring cu;rrent(l 0)
Si photodiode(10) [— e

| measurement . . Q
S photodiode(l) Ring current(l) Super-ALIS

9]
O\ mirror
Mo/S V — |
multilayer 13nm grating
(Si_photodiode(l) /Ring current(1))

Reflectivity =

(Si_photodiode(lo) /Ring current(lo))
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Repeatability of Reflectivity-measurement Caused by Detector

standard deviation/average value

@ S photodiode 0.051%
@ ring current 0.016%
condition ring current  photodiode+AMP
lo measurement 350 mA 100 V
I measurement 345 mA 591 V
v
repeatability (o) : 0.060% < 05y SPecfication

repeatability
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Spectral Resolution

Spot diagram at exit dit M easured reflectivity
A=13nm as a function of resolution
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This grating has enough resolution to measure multilayer reflectivity
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Multilayer Deposition System
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sputtering condition TEM cross section M easured hard X-ray curve

for (Mo/Si) multilayer of (Mo/Si) multilayer
Mo S
Tsurface 1E+8 F
Ar Pressurel 0.20Pa 0.07 Pa f
Sover 500W kW 2
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deposition . , =
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substrate | S wafer (200mm)
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EUV Reflectivity of (Mo/Si) Multilayer
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Super sonic Hydro-cleaning Technique

Liquid dropletsimpact into the substrate.

Carrier gas Cleanl ng liquid P
(N,) (delonlzed water) X q Q Droplets
7 ff//%a
Substrate
Nozzle designed for
supersonic flow Droplet
Microscopic
phenomenon Side jet | ‘{Side jet
y _ Subs_tratc_e
“‘\2 Twm fluid supersonlcflowf/f High-speed sidejets flow along
-,.::—q__—_——_ — - the surface.
Substrate

Thistechniqgue was developed at ASET SPC Laboratory.
/Ry —
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Results

—— before cleaning
—— after cleaning
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Summary

EUV reflectivity measurement system can be applied to the
evaluation of Mo/S multilayer for mask blanks and mask
fabrication process.

- EUV reflectivity of Mo/S multilayer which was deposited by helico
sputtering was measured using ASET EUVL Beamline.

- reflectivity: R > 60%
_ R=59.6+1.1% r=0-
In-plane 87mm

distribution  0_e52403%  r=0-60mm
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