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Miniaturization Trend of ULSI Devices 
and Exposure Wavelength Reduction Trend
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R: Resolution

λ: Exposure Wavelength

NA: Numerical Aperture

k1 : Constant depends on
Resist Materials and  
Exposure Conditions



k1 Factors
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Issues of EUV Lithography
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Development of EUVL Source
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EUV Dose vs. Resolution & LER 
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LER evaluation with 2 um 
measurement length

LER : 3. 4nm (3σ)
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L
= 

2µ
m

MBSA2

28-nm hp
AR = 2.07

30-nm hp
AR = 1.93

28-nm hp30-nm hp

28-nm hp28-nm hp

High resolution and improved LER 
are observed in Molecular Resist

EUVL



1980 20101990 2000

1.0

10

0.1

g-line

i-line

KrF
ArF

Contact 
Printing

Solvent Development

Bis-Azide
Cyclic Rubber

DNQ・Novolac

Chemically 
Amplified System

Alkaline Aqua 
Development

Phenolic Polymer

EUV

Alicyclic
Polymer

ArF-I

Rubber to Phenolic
DNQ to CAR

EB

Year

R
es

ol
ut

io
n 

(μ
m

)
Evolution of Resist Materials

New Chemistry?



Summary
1, EUVL moderates design layout constraints in 

32 nm design rules and below.

2, No complicated OPC structures will be necessary
for EUVL Masks.

3, Light source and resist materials developments
are the key for industrial use of EUVL.
Not only a powerful source development, but 
also a new resist chemistry is really required. 

4, International collaboration is indispensable to 
accelerate EUVL development.

5, Working with many colleagues in Japan and in 
the World was very enjoyable for me.
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