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Fundamental research on acid generation
is strongly needed.
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The number of secondary
electrons can be estimated
using W-value.
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T. Kozawa et al., J. Vac. Sci. Technol. B24 (2006) L27.
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Fig. Photon W-value for Ar as a function of photon energy.
The solid circles show the present result, and the open
squares are the data of Combecher for electrons. The solid
curve represents the photon W-values calculated by the
model here. The arrow indicates the 2p ionization threshold.
[N. Saito, I. H. Suzuki, Radiat. Phys. Chem. 60, 291 (2001).]

W-value in PHS
22.2 eV (75 keV EB)
[JVST B24, 3055(2006)]

Average number of secondary electrons per EUV photon =

92.5/22.2 = 4.2
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Directionality is largely lost during thermalization and subsequent diffusion.
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p acid ( ionization ) (R ) = φ polymer + p AG ( electron ) (R )

T. Kozawa et al., J. Vac. Sci. Technol. B 25 (2007) 2295.

Acid generation efficiency φacid (ionization )
Definition : Acid generation probability per ionization

Proton generation
Protons are generated through the deprotonation
of polymer radical cation.

Polymer structure dependent

φacid (ionization ) = f (φ

polymer +

, φ AG ( electron ) )

Counteranion generation
Anions are generated through the reaction of
acid generators with secondary electrons.

Acid generator structure dependent
For PHS-based resist,

T. Kozawa et al., J. Photopolym. Sci. Technol. 20 (2007) 577.
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Acid generator react with
these low energy electrons.
T. Kozawa et al., J. Vac. Sci.
Technol. B22 (2004) 3489.
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T. Kozawa et al. J. Vac. Sci. Technol. B 25 (2007) 2481.
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Fig. Probability density of anion generated in PHS with 10 wt% TPS-tf by
(a) an electron and (b) an EUV photon.

Sensitization distance (ionization)

5.6 nm

6.3 nm

Acid generation efficiency (ionization)
0.74 per ionization

0.62 per ionization

2.6 per photon
T. Kozawa et al. J. Vac. Sci. Technol. B 25 (2007) 2481.

Quantum yield in chemically amplified resist

φacid = 2.6φ polymer + + φacid ( excitation )
Ionization path

Excitation path

φacid ( excitation ) ≈ 0.02 ~ 0.08φacid
Deprotonation efficiency of polymer radical cation
Protecting ratio

φ polymer + = 1 + p (φ pg + − 1)
Deprotonation efficiency of
protecting group

When p = 0.3,

φpg+ = 0.145 ~ 0.749

φpolymer+ = 0.74 ~ 0.92

[JJAP 44, 5836 (2005)]

The quantum yield of typical resists is 2.0~2.8 with 10
wt% acid generator loading.
T. Kozawa et al. J. Vac. Sci. Technol. B 25 (2007) 2481.

Resolution
The increase in pattern formation efficiency
is required to simultaneously meet the requirements
for resolution, sensitivity, and LER.
Sensitivity
LER

=
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Absorption efficiency of incident energy
(absorption coefficient of polymer)
X

Limited by side wall degradation

Quantum yield of acid
X

Limited by secondary electron
emission efficiency

Efficiency of catalytic chain reaction
Limited by diffusion-controlled rate
for chemical reaction
T. Kozawa et al. Jpn. J. Appl. Phys. 47 (2008) in press

Concentration of protected unit (molecules nm-3)

Limit of PHS-based chemically amplified resist
Latent images of 22 nm line & space
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Intermediate region where protected and deprotected units coexist
The width expands with

1 / dose

dependence.

T. Kozawa et al. Jpn. J. Appl. Phys. 47 (2008) in press

