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The difference is critical for resist pattern formation, process
simulation and material design.
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Experimental

T. Kozawa, H. Oizumi,
I. Nishiyama, S. Tagawa,
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EUV from Super-ALIS
Poly(4-hydroxystyrene) film with
10 wt% TPS-tf and 5 wt%
Coumarin6 (C6) acid sensitive dye

Thickness: 1.5 μm
SiO2 substrate

*The exposure dose was evaluated with a diode detector (SXUV100 Mo/Si/SiC, IRD)
calibrated at PTB Radiometry Laboratory at BESSY II. The estimated exposure dose
(mJ cm-2) per unit beam current (As) was 0.60 ± 0.03 mJ cm-2 A-1 s-1.
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Acid yield in a model system of chemically amplified EUV resist
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Fig. Absorption spectra of PHS films with 10 wt% TPS-tf and 5 wt% C6 after EUV
exposure. The exposure doses are 0, 0.6, 1.2, 1.8, 2.4, 3.0, 3.6, 4.2, 4.8, 5.4, 6.0 and 7.2
mJ cm-2 from the bottom to the upper line at the wavelength of 533 nm.
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Fig. Relation between the absorbed energy per unit area and the number of acid
molecules generated by EUV exposure per unit area.
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Fig. 3. 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 (2001) 291.]

W-value in PHS
22.2 eV (75 keV EB)
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92.5/22.2 = 4.2

Generation efficiency of counteranion per ionization
Decomposition of acid generator through the reaction with low-energy electron
Initial distribution

Thermalization

Ionization
Electron with
excess energy

+

-

Excitation of
intramolecular
vibration

Subexcitational

wt =0 r 2 dr =

Energy exchange,
excitation of
intermolecular vibration

-

Subvibrational

⎛ r⎞
1
exp⎜⎜ − ⎟⎟dr
r0
⎝ r0 ⎠

Diffusion

Coulomb
Force
Low Energy Electron ~ 0 eV

Parent Radical Cation

Dynamics of low-energy electrons
Coulomb interaction

⎛
⎞
∂w
1
⎜
= ∇ ⎜ ∇w + w
∇V ⎟⎟ − 4πRAG C AG w
∂Det
k BT
⎝
⎠
Diffusion

Acid generator react with
these low energy electrons.

Reaction with acid generator

Generation efficiency of
counteranion per ionization

:φ

AG ( electron )

=

4π ∫

∞

0

∫

∞

r+

RAG C AG wr 2 drd ( Det )

∫

∞

r+

wt = 0 r 2 dr

Probability density of Electron (/nm)

Electron dynamics in chemically amplified resists
0.25
0.20

Concentration of AG
CAG = 10 wt%
Initial separation distance
r0 = 4 nm
Dielectric constant
ε=4
Effective reaction radius
RAG = 2.4 nm

Recombination with radical cation
Time (Dt/r02) = 0

0.15
0.10

Reaction with acid generator
Dt/r02 = 0.085

0.05
0.00

0
Ionization
point

5

10

15

20

25

30

Distance from Ionization Point (nm)

Fig. The distribution change of electrons calculated with the parameters: the concentration of acid
generator, C = 10 wt%, the initial separation distance, r0 = 4 nm, the dielectric constant, ε = 4, the
effective reaction radius, R = 2.4 nm. Dt/r02 is a non-dimensional parameter and represents time. The
vertical axis represents the probability density of electrons per unit distance. The probability is
spherically integrated. The time step (ΔDt/r02) between each line is 0.005 and the maximum time
(Dt/r02) is 0.085.
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Fig. The evolution of counter anion distribution calculated with the parameters: the concentration
of acid generator, C = 10 wt%, the initial separation distance, r0 = 4 nm, the dielectric constant, ε =
4, the effective reaction radius, R = 2.4 nm. Dt/r02 is a non-dimensional parameter and represents
time. The vertical axis represents the probability density of electrons per unit distance. The
probability is spherically integrated. The time step (ΔDt/r02) between each line is 0.005 and the
maximum time (Dt/r02) is 0.085.
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Acid generation through direct excitation and polymer sensitization
Dill’s formulation (direct excitation)
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Resist design of EUV resists (1)
For the resist design, the most critical point is which molecule absorbs incident radiation.

Photoresist
The basic design strategy of photoresists is to minimize the absorption of
polymer and adjust that of acid generator to an appropriate value.
Tremendous efforts have been devoted to the reduction of polymer
absorption during the development of KrF, ArF and F2 excimer laser
lithography without exception.

Acid yield in photoresists

Polymer absorption

Acid yield in EUV resists

EUV resist
Acid generators are sensitized mainly by not the incident radiation but
secondary electrons.
The absorption coefficient of polymers against EUV is more important for acid
generation than that of acid generators. The absorption coefficient of polymers
should be adjusted to an appropriate value.

Resist design of EUV resists (2)
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Polymers play an important role in acid generation in EUV resists.
Because of high energy of EUV photon, any polymers and compounds are candidate.
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