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LER formation mechanism
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Chemical inhomogeneity at image boundary
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Simulation
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Analysis of SSR3 Resolution-dose matrix
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Analysis of SSR3
Dissolution point of SSR3
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Fig. Relationship between normalized protection ratio and
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Error distribution

Analysis of SSR3
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Analysis of SSR3 Latent image (R=0.05nm)
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Analysis of SSR3 Latent image (R=0.1nm)
1.0 1.0

=}

Lc 60 nm HP

S.2 08 0.8 0.8

=

O o

5-§ 0.6 0.6 0.6

D2 04 0.4 0.4

NS 13.5mJ

C_Es S 02 0.2 0.2

55 00 ' 0.0 0.0

Z 0 20 40 60 0 20 40 60
Distance (nm)

1.0
0.8
0.6
0.4

60

1.0
0.8
0.6
0.4
0.2

0.0
60

o
N
o
o
N
o
o
N
o
o
N
o
o
N
o
o
o



Latent image (R=0.5nm)
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Analysis Comparison between latent and real images (R=0.05)
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Analysis Comparison between latent and real images (R=0.1)

of SSR3
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Analysis Comparison between latent and real images (R=0.5)
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Analysis of SSR3  Latent image below 26 nm half-pitch

Intermediate region reaches the center of resist pattern.
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General discussion Dose dependence (26 nm L&S)
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Fig. Exposure dose dependence of relationship between quencher concentration
and maximum chemical gradient at the half-depth of the boundary between
solubilized and insoluble regions. The half-pitch is 26 nm. The exposure dose
was varied from 6 to 20 mJ cm-2 with a step of 2 mJ cm-2. The chemical gradient
was normalized by the initial concentration of protected units.



General discussion

Half-pitch dependence (10 mJ cm-?)
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General discussion

Trade-off relationship
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General discussion  Mechanism of pattern collapse

Stress

Solvent penetration, partial
dissolution, swelling

Rigid core . : : o
If the width of intermediate region is not
\ reduced with the reduction of half-pitch,

- A cause of long range LER

Surface Collapse
tension
Reduction of
/ adhesion force
45 nm 32 nm 26 nm
the pattern is highly susceptible
Intermediate region to pattern collapse.

For SFET annular illumination, pattern collapse is often observed below 26 nm half-pitch.

The limit of the chemical gradient for standing features at ~25 nm is 0.06 — 0.08 nm-1,



General  Relationship between LER and chemical gradient
discussion
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Resist screening experiment using SFET
(T. Itani, Microelectronic Eng. 86 (2009) 207.)

Sensitivity: ~14 mJ cm
LWR@32nmHP: 4-7 nm.
Simulation

dm/dx@32nmHP: 0.068~0.085 nm-1

with 14 mJ cm exposure dose

. B

f er ~ 0.3-0.6 (0.309 for SSR3)

To achieve <1nm LER

dm/dx should be >0.3-0.6 nm* + molecular glass resist technology



Summary

We clarified the latent images created in SSR3 upon exposure
to annular illumination of SFET. The relationship between
chemical gradient and LER was clarified. Also, the relationship
between pattern collapse and latent image was made clear. The
Increase of pattern formation efficiency is required to reduce
LER without increasing exposure dose and to avoid pattern
collapse. Many methods for the enhancement of chemical
gradient has been investigated at each process stage. The
Integration of chemical gradient enhancement technologies
becomes the key to the development of next-generation resist
materials.
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