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In color filter industry, a problem was found that the adhesion strength between glass substrate and black
matrix was largely decreased after ITO sputtering process. In order to solve this problem, a new UV-curable
silane-coupling agent (UV-SCA) was synthesized to be an adhesion promoter, which was synthesized by
the reaction between the hydroxyl group of bisphenol A epoxy diacrylate and the isocyanate group of 3-
(isocyanatopropyl)-triethoxysilane. The adhesion strength between glass substrate and black film, which
was prepared from the carbon black photo-resist with or without the addition of UV-SCA, was determined
by a tensile/compression strength tester, and the effect of UV-SCA on the adhesion strength before and
after ITO sputtering process was also discussed.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Organo-functional silanes have often been used as coupling
agents in composite materials. They were widely used to treat inor-
ganic substrates, such as metal, glass, and minerals, in order to
enhance the compatibility between an inorganic substrate and a
polymeric matrix [1-7].

Silane-coupling agents containing acrylate and methacrylate
groups were useful in several different ways. For example,
3-acryloxypropyltrimethoxysilane (APMS) and 3-methacryloxy-
propyltrimethoxysilane (MPS), containing acrylate and methacry-
late functional groups on the alkyl chain, have been used in
polymer/glass fiber composites because they can enhance both the
mechanical properties and the optical transference of composites
[8,9]. In addition, many studies have reported the preparation of
organic—inorganic composites by in situ polymerization of metal
alkoxides in organic polymers, derived from a methacrylic or an
acrylic group [10-14]. For example, Saitoh et al. [14] prepared a
thermo-responsive glass capillary by coupling APMS on the inner
surface of glass capillary and a subsequent radical polymeriza-
tion of N-isopropylacrylamide and methylenebis(acrylamide). In
some specific fields, APMS and MPS were used for ultraviolet (UV)
coatings applications [2,15,16]. Hagberg et al. [ 16] produced a nano-
pattern on silicon wafer substrate by using imprint lithography
method. They used APMS to prepare an adhesion promoter layer in
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order to improve the adhesion strength between the silicon wafer
and photo-resist. Chiang and Hsieh [2] investigated the effect of
different types of organo-functional silanes in the cationic polymer-
ization of epoxide resin on the epoxide adhesion strength to indium
tin oxide (ITO) substrate. They found that the adhesion strength
was improved by using vinyltrimethoxysilane, APMS, and MPS as
adhesion promoters.

In color filter industry, a problem was found that the adhe-
sion strength between the glass and black matrix was largely
decreased after ITO sputtering process. To overcome this problem,
in this study, a new silane-coupling agent was synthesized to be
an adhesion promoter. This silane-coupling agent was synthesized
by the reaction between bisphenol A epoxy diacrylate (EPA) and
3-(isocyanatopropyl)-triethoxysilane (ICPTES); it also exhibited
UV-curable property. The schematic diagram of the synthesis of UV-
curable silane-coupling agent (UV-SCA) was shown in Scheme 1.
In addition, the UV-SCA is non-toxic to the human body because
of its large molecular weight and non-volatile property, and it
can replace some volatile silane-coupling agents, such as APMS
and MPS, in the photo-resist application. In this work, two carbon
black photo-resists with or without the addition of UV-SCA were
taken to prepare black films on the glass substrate. The black films
were cured upon UV-irradiation, and subsequently post-cured at
200°C. The schematic illustrations of photo-polymerization upon
UV-irradiation and coupling reaction between alkoxy group of UV-
SCA and glass substrate during post-cured process were shown in
Scheme 2, respectively. The adhesion strength between the glass
substrate and black film was determined by a tensile/compression
strength tester, and the effect of UV-SCA on the adhesion strength
before and after ITO sputtering process was also discussed.
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Fig. 1. FTIR spectra of EPA and UV-SCA.
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Scheme 2. The black film prepared from a CB PR with the addition of UV-SCA (a)
before UV irradiation, (b) after UV irradiation, and (c) after post-baking.
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strength between the glass substrate and black film were schematically shown in
Scheme 3. The criterion about the function of UV-SCA is to examine the decay ratio of
adhesion strength before and after ITO sputtering process according to the following
equation:

Decay ratio of adhesion strength (%)

_ (adhesion strength)pefore ;1o — (2dhesion strength)sfeer iro
N (adhesion strength)peore iro

x 100 1)

3. Results and discussion
3.1. Synthesis of UV-curable silane-coupling agent

In this work, UV-SCA was prepared by the urethane linkage reac-
tion between OH groups of EPA and isocyanate group of ICPTES at
75°C. The molar ratio of EPA to ICPTES was 1:2 and its structure
was confirmed by FTIR as well as 'H NMR analysis.

Fig. 1 shows the FTIR spectra of EPA and UV-SCA. It can be
seen in the spectrum of UV-SCA that the absorbance of hydroxyl
group between 3200 and 3600cm~! largely decreases compared
to EPA due to the reaction with isocyanate of ICPTES. This reac-
tion produces urethane group which exhibits two peaks at 3370
and 1540 cm~. In addition, the alkoxy group of silane presenting a
peak at 1080 cm~! is also observed.

Figs. 2 and 3 show the '"H NMR spectra of EPA and UV-SCA,
respectively. All the characteristic peaks as well as peak areas of
these two compounds are listed in Tables 1 and 2, respectively. The
EPA structure was confirmed by 'H NMR and the average n value
was calculated to be about 0.3. The detail in calculation of n was
illustrated in Table 1. Compared with EPA, the peak of hydroxyl
group at 2.3 ppm in the spectrum of UV-SCA largely decreases
due to the reaction with isocyanate of ICPTES. This reaction pro-
duces NH group, which exhibits broad peaks between 4.8 and
5.0 ppm. In addition, the peaks of three protons of acrylate group
at 5.9, 6.2, and 6.5 ppm are also observed. According to the FTIR
and 'H NMR results, we believe that the UV-SCA was successfully
prepared.

-
-

0.2267
0.3581
0.33830

3
(a) Al Pin
Black film / Pull test
‘ specimen
(b) Tensile strength<

Adhesion strength

|

i Tensile strength=

(o
8 Adhesion strength

DI

N

Scheme 3. (a) The pull test specimen. The test scheme to determine the adhe-
sion strength between the glass substrate and black film in the states of (b) tensile
strength <adhesion strength, and (c) tensile strength = adhesion strength.
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Fig. 2. 'H NMR spectrum of EPA.
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Fig. 3. 'H NMR spectrum of UV-SCA.
Table 1
Chemical shift, number of hydrogen, and the calculation of n in EPA
Chemical shift 6.8,7.2 5.9,6.2,6.5 1.7 44 42 4 23
Peak label a b c d @ f g
No. of hydrogen 8(1+n) 6 6(1+n) 5(2+n) 2+n
Peak area 1.99 115 1.54 2.08 -
To calculate the n in EPA 6/[8(1+n)]=115/1.99,n=0.3
3.2. Adhesion strength [ZZZ1 before ITO sputtering process
500 after ITO sputtering process

In this study, the UV-SCA was used as an adhesion promoter in
order to improve the adhesion strength between black matrix and
glass substrate after ITO sputtering process. The UV-SCA in black
matrix was maintained at 1 wt%, and the influence of UV-SCA on
the adhesion strength between black matrix and glass substrate
before and after ITO sputtering processes was discussed.

As shown in Fig. 4, before the ITO sputtering process, the adhe-
sion strengths of samples are all higher than 400 kg cm~2; however,
they are decreased after ITO sputtering process, especially in the
sample without the addition of UV-SCA. Taking the CB PR of BK
5017 without the addition of UV-SCA for an example, the adhesion
strength is decreased from 424 kg cm~2 before ITO sputtering pro-
cess to 264 kg cm~2 after ITO sputtering process. The decay ratio of
adhesion strength (shown in Fig. 5) is relatively high, about 38%,
which also confirms that the large decrease in adhesion strength
results from the ITO sputtering process.

On the contrary, in the sample of BK 5017 with the addition
of 1wt% UV-SCA, the decay ratio of adhesion strength decreases
to about 23%. The same behavior is also observed in the sample of
ADK L4 with the addition of 1 wt% UV-SCA, in which the decay ratio
of adhesion strength is relatively low, only about 15%, indicating

D
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Adhesion strength(KgIcmZ)

BK 5017 BK5017+UV-SCA(1%) ADKL4  ADK L4+UV-SCA(1%)
Sample codes

Fig. 4. The adhesion strengths of samples before and after ITO sputtering process.

Table 2

Chemical shift, number of hydrogen, and peak of area of UV-SCA

Chemical shift 6.8,7.1 5.9,6.2,6.5 1.4-1.7 3.8-4.5 2.8 32 0.5 3.7 1.2 4.8-5
Peak label a b G i de f g h j k 1 m
No. of hydrogen 10.4 6 11.8 11.5 0.3 4 4 12 18 2
Peak area 1.99 1.28 2.42 2.28 - 0.65 0.76 217 3.55 -
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Fig. 5. The decay ratio of adhesion strength of samples after ITO sputtering process.

that the UV-SCA is an effective adhesion promoter. This is because
the acrylate double bond of UV-SCA can copolymerize with the UV-
curable and alkali-soluble resins to form covalent bonds in the black
matrix; on the other hand, the alkoxy group of UV-SCA can react
with glass substrate to produce a strong Si-O-Si bond. Therefore,
the adhesion strength after ITO sputtering process was significantly
improved.

4. Conclusion
A new UV-SCA was successfully prepared by the urethane link-

age reaction between EPA and ICPTES. This UV-SCA can be used
as an adhesion promoter in the black matrix application. From

the experimental results, the adhesion strength between black
matrix and glass substrate after ITO sputtering process was largely
improved when 1 wt% UV-SCA was added in CB PR (based on the
total solid of CB PR). This is because the acrylate double bond of
UV-SCA can copolymerize with the UV-curable and alkali-soluble
resins to form covalent bonds in the black matrix; on the other
hand, the alkoxy group of UV-SCA can react with glass substrate to
produce a strong Si-O-Si bond.
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