
A new type of copolymer LB film containing a pho-
todegradable monomer, tert-butyl 4-vinylphenyl carbonate
(tBVPC), was prepared. It was found that the p(DDA/tBVPC)
LB film could be efficiently decomposed by deep UV irradia-
tion.  After development with an alkali solution a positive-tone
pattern could be drawn with a high resolution of 0.75 µm. 

Langmuir-Blodgett (LB) technique makes it possible to
prepare an ultra-thin film with controlled thickness and well-
defined molecular orientation at a molecular size,1,2 while mol-
ecules are randomly distributed in polymer spin-coated films.
Because of this superior feature, polymer LB films have been
investigated for the application to high-resolution lithographic
technology with deep UV, electron beam, and X-ray beam in
order to construct the state-of-art nanostructure on solid sub-
strates with development process to remove the exposed portion
(positive type) or the unexposed portion (negative type).3,4

In the previous studies,5-8 we have found that stable uni-
form polymer LB films can be fabricated from a polyalkylacryl-
amide structure.  Furthermore, we succeeded in producing fine
patterns by the polymerization of alkylacrylamide monomer LB
films, in addition, by the cross-linking reaction in polymer LB
films with deep UV and electron beam irradiation.  All of these
LB films resulted in the negative-tone photopatterns.  On the
other hand, we also obtained a positive type photopatterning
using poly(N-tetradecylmethacrylamide) LB film without any
development process (dry-development).9,10

In the current article, we will describe the formation of a
new type of polymer LB film capable of drawing a positive
photopatterning.  The polymer ((p(DDA/tBVPC)) was prepared
by free-radical polymerization of N-dodecylacrylamide (DDA)
and tert-butyl 4-vinylphenyl carbonate (tBVPC) in dry toluene
at 60 ˚C with AIBN as a thermal initiator.  The second

comonomer could be incorporated in the LB films up to ca. 50
mol%.  The copolymer was purified by reprecipitation in ace-
tonitrile.  The molar ratio of the tBVPC in the copolymers was
determined by measuring 1H NMR spectra.

First, the monolayer property of p(DDA/tBVPC) on the
water surface was investigated by the measurement of surface
pressure (π) and area (A) isotherms.  A chloroform solution of
the copolymer was spread on the water surface (> 17.0 MΩ
cm).  The π-A isotherm of p(DDA/tBVPC53) (the content of
tBVPC is 53 mol%) shows a steep rise in pressure and a high

collapse pressure (Figure 1), indicating the formation of the
condensed monolayer on the water surface.  The average sur-
face limiting area per repeating unit can be obtained from the
extrapolation of the linear part of the isotherm to zero surface
pressure.  Moreover, the surface area for the tBVPC monomer
is estimated to be approximately 0.48 nm2 / monomer, assum-
ing that the surface area of DDA group is 0.28 nm2 /
monomer.11 This means that the benzene ring and the tert-
butoxycarbonyloxy (t-BOC) group are oriented vertically to the
water surface.  The copolymer monolayer can be transferred
onto a solid support with both downward and upward strokes at
20 mN m-1 and a dipping speed of 10 mm min-1.  The transfer
ratios were almost unity, showing the formation of Y-type LB
films.  The UV absorption spectra of the multilayer films of
p(DDA/tBVPC53) on a quartz are shown in Figure 2.   The
p(DDA/tBVPC) LB films have maxium absorbance at 193 nm.
The inset shows clearly a linear relationship between the
absorbance at 193 nm and the number of layers, which indicates
that the regular deposition of the monolayer onto the solid sub-
strate occurs.

The LB film of p(DDA/tBVPC53) with 40 layers was
directly exposed to deep UV light through a photomask in air
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atmosphere for 40 min, followed by development with 10 wt%
tetramethylammonium hydroxide (TMAH) aqueous solution.
A fine pattern with a line width of 0.75 µm was drawn (Figure
3).  It is of interest that the positive photopatterns could be
drawn with p(DDA/tBVPC53) LB film, while the homopoly-
mer pDDA LB film gave negative photopatterns with deep UV
irradiation after the development in toluene.10 The positive pat-
terning results from the fragmentation of t-BOC group caused
by deep UV irradiation, which leads to the formation of pheno-
lic resin capable of being dissolved in aqueous-base developer

(Scheme 1).13

In conclusion, a new photodegradable copolymer,
p(DDA/tBVPC) was prepared.  The copolymer can form the
stable and condensed monolayer on the water surface and be
transferred onto solid substrates such as quartz, glass, and sili-
con slide, giving Y-type uniform copolymer LB films.  Deep
UV irradiation on p(DDA/tBVPC) LB film was carried out.
After the development with TMAH aqueous solution, the posi-
tive fine pattern could be drawn with a high resolution of 0.75
µm.  The present result suggests that the copolymer LB film
containing t-BOC group has a high potential application to a
new type positive-tone resist such as chemically amplified or
top surface imaging resists.14

This work was partially supported by Grant-in-Aid for the
“Research for the Future” Program (JSPS-RFTF97P00302)
from the Japan Society for the Promotion of Science.

References
1 K. B. Blodgett, J. Am. Chem. Soc., 57, 1007 (1937).
2 K. B. Blodgett and I. Langmuir, Phys. Rev., 51, 964 (1937).
3 S. W. J. Kuan and C. W. Frank, J. Vac. Sci. Technol. B, 6,

227 (1988).
4 T. Yoshimura and N. Asai, Jpn. J. Appl. Phys., 33, L970

(1994).
5 T. Miyashita, Br. Polym. J., 22, 327 (1990).
6 T. Miyashita, H. Yoshida, and M. Matsuda, Thin Solid

Films, L11, 115 (1987).
7 X. D. Li, A. Aoki, and T. Miyashita, Macromolecules, 30,

2194 (1997).
8 A. Aoki, M. Nakaya, and T. Miyashita, Chem. Lett., 1996,

667.
9 Y. Guo, F. Feng, and T Miyashita, Chem. Lett., 1998, 1269.
10 Y. Guo, F. Feng, and T. Miyashita, Macromolecules, 32,

1115 (1999).
11 T. Miyashita, Y. Mizuta, and M. Matsuda, Br. Polym. J.,

22, 327 (1990).
12 P. L. Barny, Thin Solid Films, 152, 99 (1987).
13 J. M. J. Fréchet, T. G. Tessier, C. G. Willson, and H. Ito,

Macromolecules, 18, 317 (1985).
14 G. M. Wallraff and W. D. Hinsberg, Chem. Rev., 99, 1801

(1999).

Chemistry Letters 2000 609


