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Extreme ultraviolet (EUV) lithography is being introduced
for semiconductor mass production. The performance of
resist materials is one of the most important factors to re-
alize future pattern size miniaturization. We have carried
out pulse radiolysis method to clarify radiation chemistry
of resists after exposure to ionizing radiation such as EUV
and electron beam. In this article, pulse radiolysis stud-
ies of models of chemically amplified EUV resist are re-
viewed. We also describe a method for improving resist
performance by acid-generating promoter based on depro-
tonation from the radical cation of base polymer as pre-

dicted from the results of the pulse radiolysis results.

Keywords: resist, pulse radiolysis, polyhydroxystyrene,

deprotonation, acid-generating promoter
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Figure 1. Transient absorption spectra of PHS

[200 mM (unit conc.)] in O, saturated cyclo-
hexanone at 50 (H), 150 (A), and 300 ns (X)
after the 8 ns electron beam pulse obtained by
nanosecond pulse radiolysis, Inset: the kinetic
traces monitored at 400, 460, and 1150 nm,
Reproduced from Ref. 17. Copyright (2013)
The Japan Society of Applied Physics.
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Figure 2. Transient absorption spectra of PHS[200 mM (unit conc.)] in O,-saturated solvents at 50

(M), 150 (A), and 300 ns (X) after the 8 ns electron beam pulse obtained by nanosecond pulse
radiolysis (a) in ethyl acetate (Inset: the kinetic traces monitored at 400, 460, and 1250 nm) and (b)
in DMSO. (Inset: Transient absorption spectra in O,-saturated neat liquid DMSO immediately (@),
50 (H), 150 (A), and 300 ns (X) after the 8 ns electron beam pulse). Reproduced from Ref. 17.
Copyright (2013) The Japan Society of Applied Physics.
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Figure 3. Transient absorption spectra in O,-saturated solvents at 50 ns after electron beam pulse

irradiation in in Ar-saturated solutions in p-dioxane with 25 mM triphenyl sulfonium triflate (TPS-tf)
(A) and without TPS-tf (B). Polymers (solutes) are PHS (a) and poly(4-methoxystyrene) (b) [200 mM
(unit conc.)]. Reproduced from Ref. 18. Copyright (2015) The Japan Society of Applied Physics.
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Figure 4. Dependence of PHS conc. in cyclohexanone (a) and p-dioxane (b) on the kinematic viscosity
of the solution (dashed line) and kinetic constant of deprotonation (kp) of the PHS radical cation (solid
line). Reproduced form Ref. 21. Copyright (2016) Elsevier.
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Figure 5. Kinetic traces of the PHS (50 wt%)
solution in cyclohexanone (a) and p-dioxane (b)
with (the conc. of TPS-tfis 5 and 10 wt% with
respect to PHS) and without TPS-tf obtained at
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Figure 6. Sensitivity curves of the chemically
amplified resist without additives, with 25 mM
benzyl sulfone and DTS against the resist solu-
tion obtained by 100 kV electron beam irradi-
ations. Reproduced from Ref. 25. Copyright
(2017) The Japan Society of Applied Physics.
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Figure 7. SEM images of line and space pat-
terns fabricated by 100 kV electron beam lithog-
raphy on the chemically amplified resist films
without additives, with 13 and 25 mM DTS,
The pattern pitches and electron beam writing
widths are 200 and 20 nm, respectively. Re-
produced from Ref. 25. Copyright (2017) The
Japan Society of Applied Physics.
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