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This article describes the feasibility of thin polymeric films
loaded with metal nanoparticles by electron beam (EB) ir-
radiation and is written as an award work from Japanese
Society of Radiation Chemistry. The mechanism of metal
nanoparticles embedded in polymeric films by EB irradi-
ation was investigated by optical absorption spectroscopy,
microscopy and so on. By irradiation of EB, the ions are
totally reduced, and excess dose induces the cross-linking
of the polymer. The irradiation of the polymer makes the
film insoluble in casting solvent such as propylene glycol
monomethyl ether acetate (PGMEA), whereas the unex-
posed part of the sample is still soluble, providing the pos-
sibility to selectively eliminate that area and to reveal the
metal nanoparticles-loaded film. This method supplies in-
teresting applications such as masks, replicas, or imprint
molds of improved density and contrast.

Keywords: electron beam, lithography, metal nanoparti-
cle, polymer, reaction mechanism
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Figure 1. Films of polystyrene (3 X 3 cm?,

thickness 120 wm) containing silver ions partly
unexposed (transparent) and partly exposed to
irradiation (yellow) by using the EB of 75 kV
electrons (dose: 200 uC cm™2) on the restricted
area of 6 X 6 mm? and after heating at 120 °C
during 5 min. (Reprinted figure with permission
from H. Yamamoto, T. Kozawa, S. Tagawa, M.
Naito, J.-L. Marignier, M. Mostafavi, J. Belloni,
J. Phys. Chem. C, 121, 5335, 2017. Copyright
(2017) by American Chemical Society.)
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Figure 2. Optical absorption spectra of PS
films containing AgClO4, before and after
increasing irradiation doses delivered by the
75 kV electron nanobeam, then heating at
120 °C for 5 min. The film thickness is 120 um.
(Reprinted figure with permission from H. Ya-
mamoto, T. Kozawa, S. Tagawa, M. Naito, J.-
L. Marignier, M. Mostafavi, J. Belloni, J. Phys.
Chem. C, 121, 5335, 2017. Copyright (2017) by
American Chemical Society.)
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Figure 3. Silver nanoparticles synthesized in
PS films irradiated using the 75 keV EB (dose:
200 uC/cm?), then heated at 120 °C for 5 min
and revealed in PGMEA. (a) AFM image. (b)
TEM image. (c) Bright field TEM image. (d)
(Reprinted fig-
ure with permission from H. Yamamoto, T.

Electron diffraction pattern.

Kozawa, S. Tagawa, M. Naito, J.-L. Marignier,
M. Mostafavi, J. Belloni, J. Phys. Chem. C, 121,
5335, 2017. Copyright (2017) by American
Chemical Society.)
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Figure 4. Patterns obtained after irradiation by

the electron beam. They are constituted by sil-
ver nanoparticles embedded in cross-linked PS
supported on silicon. (a) Group of 5 lines of
1 um. The lines are separated by 1 um of unirra-
diated area. (b) Group of 5 lines of 500 nm. The
lines are separated by 1.5 um of unexposed area.
(c) Group of 5 lines of 500 nm. The lines are
separated by an unexposed area 500 nm wide.
(d) Group of 10 lines of 200 nm. The lines
are separated by 800 nm of unirradiated area.
(Reprinted figure with permission from H. Ya-
mamoto, T. Kozawa, S. Tagawa, M. Naito, J.-
L. Marignier, M. Mostafavi, J. Belloni, J. Phys.
Chem. C, 121, 5335, 2017. Copyright (2017) by
American Chemical Society.)
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Figure 5. SEM image of the Ag/PS patterns
500 nm wide (same conditions of irradiation as

in Fig. 4(c). The Ag nanoparticles appear as

white dots in grey polymer lines. (Reprinted

figure with permission from H. Yamamoto, T.
Kozawa, S. Tagawa, M. Naito, J.-L. Marignier,
M. Mostafavi, J. Belloni, J. Phys. Chem. C, 121,
5335, 2017. Copyright (2017) by American
Chemical Society.)
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