wo 2011/096552 A1 I 10K 00 OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

/AIV .;-;\
¥
d”Ik

(43) International Publication Date

(10) International Publication Number

WO 2011/096552 A1l

Eiamy
11 August 2011 (11.08.2011) PCT
(51) International Patent Classification: 74)
GO3F 7/004 (2006.01) GO3F 7/038 (2006.01)
C08G 59/08 (2006.01) HOIL 21/027 (2006.01)
C08G 65/18 (2006.01) 1)
(21) International Application Number:
PCT/JP2011/052457
(22) International Filing Date:
31 January 2011 (31.01.2011)
(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:
2010-024683 5 February 2010 (05.02.2010) JP
(71) Applicant (for all designated States except US): CANON (84)
KABUSHIKI KAISHA [JP/JP]; 30-2, Shimomaruko 3-
chome, Ohta-ku, Tokyo, 1468501 (JP).
(72) Inventors; and
(75) Inventors/Applicants (for US only): IKEGAME, Ken

[JP/JP]; ¢/o CANON KABUSHIKI KAISHA, 30-2, Shi-
momaruko 3-chome, Ohta-ku, Tokyo, 1468501 (JP). SHI-
MOMURA, Masako [JP/JP]; c/o CANON KABUSHIKI
KAISHA, 30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo,
1468501 (JP). TAKAHASHI, Hyo [JP/JP]; c/o CANON
KABUSHIKI KAISHA, 30-2, Shimomaruko 3-chome,
Ohta-ku, Tokyo, 1468501 (JP).

Agents: OKABE, Yuzuru et al.; No. 602, Fuji Bldg.,
2-3, Marunouchi 3-chome, Chiyoda-ku, Tokyo 1000005
IP).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, KE, KG, KM, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO,
NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD, SE,
SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

[Continued on next page]

(54) Title: PHOTOSENSITIVE RESIN COMPOSITION, METHOD FOR MANUFACTURING STRUCTURAL BODY, AND

LIQUID DISCHARGE HEAD

FIG. 4F
&

| NNNNNNY ’ INNN

§/‘3c

A,

o~

U]

(R —"Yt‘X“(—F )

(57) Abstract: A photosensitive resin composition in-
cludes: a cation polymerizable compound; a photoacid
generator having an anion portion represented by the
formula 1 and a cation portion, wherein R represents a
hydrocarbon group which may be substituted with a
fluorine atom and has a total carbon number of 1 to 30;
X is selected from the group consisting of a carbon
atom and a phosphorous atom; Y is selected from the
group consisting of -S(=0);-, -O-CF-, -C(=0)-CF;-, -
0-C(=0)-CF;-, -C(=0)-O-CF;-, and a single bond; R
has at least one fluorine atom when Y is -S(=0).- or
the single bond; m and n are integers selected from the
group consisting of m+n=3 and n=0, 1, and 2 when X
is the carbon atom; m and n are integers selected from
the group consisting of m+n=6 and n=0 to 5 when X is
the phosphorous atom; and R and Y may be different
from each other when m is equal to or greater than 2;
and a salt of an anion portion and a cation portion,
wherein an acid strength of an acid derived from the
anion portion is equal to or greater than that of hex-
atluorophosphoric acid and equal to or less than that of
hexatluoroantimonic acid.
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DESCRIPTION
PHOTOSENSITIVE RESIN COMPOSITION, METHOD FOR
MANUFACTURING STRUCTURAL BODY, AND LIQUID
DISCHARGE HEAD

Technical Field

[0001]The present invention relates to é negative
photosensitive resin composition. Specifically, the
present invention relates to a negative photosensitive
resin composition which is suitable and can be used for
manufacturing a liquid discharge head for generating
droplets such as ink small droplets used for a liquid
dischafge recording system. The present invention
relates to a liquid discharge head using the negative
photosensitive resin composition.
Background Art

[0002]1A photolithography technique has been heretofore known
as one of microfabrication techniques. In the
photolithography technique, a negative photosensitive
resin is exposed and developed to form a pattern and a
structure. This technique is widely used in
manufacture applications such as a semiconductor
integrated circuit, a semiconductor exposing mask, and
various MEMS (Micro ElectroMechanical Systems). The
technique is applied to manufacture a nozzle of a
liquid discharge head, as an example of the manufacture
applications of the MEMS. For example, a stepper
having an i-line as a light source is widely used as an
exposing device. In this technical field, recently,
manufacture of a more complex and high-definition
structure object has been required. Therefore, a
negative photosensitive resin composition exhibiting
high photosensitivity and molding accuracy to light
‘from a light source has been required.

[0003]Japanese Patent Application Laid-Open No. 2008-256980

discloses a photosensitive resin composition containing
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a polyfunctional epoxy resin and a photoacid generator,
as an example of the negative photosensitive resin
compositions. An acid derived from an anion '
portionanion portion structure of the photoacid
generator used herein has a strong acid strength, and
improve sensitivity of the photosensitive resin -
composition compared with hexafluoroantimonic acid.

[0004]US 2004/0072107 Al and US 2006/0071971 Al disclose a
liquid discharge head and a manufacturing method
thereof as an example of the liquid discharge heads.
The liguid discharge head heats a heating resistor to
foam ink, thereby discharging ink droplets. In the
manufacture of the liquid discharge head, high
temperature processing is conducted at 200°C in a
curing process of a photosensitive resin composition.
Citation List ‘ V
Patent Literature

[0005]PTL 1: Japanese Patent Application Laid-Open No. 2008-
256980 '

[0006]PTL 2: US 2004/0072107 Al

[0007]PTL 3: US 2006/0071971 Al
Summary of Invention

[0008]As described above, a cured product of the negative
photosensitive resin composition may be heat-treated at
200°C or higher in the method for manufacturing the
liquid discharge head. When a liquid discharge head
was manufactured using a photosensitive resin
composition containing a photocacid generator having a
hexafluorocantimonic acid structure as an anion
portionanion portion, the deterioration of a resin
cured product was not observed even if the cured
product was heat-treated. However, when the photoacid
generator described in Japanese Patent Application
Laid-Open No. 2008-256980 is used in order to achieve
higher photosensitivity and molding accuracy, the resin

cured product is deteriorated to cause a problem that
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resistance to the ink is reduced. Thus, the use of the
negative photosensitive resin composition described in
Japanese Patent Application Laid-Open No. 2008-256980
for the liquid discharge head may cause a problem of
heat resistance.

[0009]Therefore, it is an object of the present invention to
provide a negative photosensitive resin composition
having high sensitivity, good molding accuracy and high
heat resistance. It is another object of the present
invention to obtain a liquid discharge head having a
flow path forming layer formed using the negative
photosensitive resin composition.

[0010]A photosensitive resin composition as an example of the
present invention includes:

a cation polymerizable compound;

a photoacid generator having an anion portion
represented by the formula 1 and a cation portion,

(R—vxt- )

m n

wherein R represents a hydrocarbon group which may be
substituted with a fluorine atom and has a total carbon
number of 1 to 30; X is selected from the group
consisting of a carbon atom and a phosphorous atom; Y
is selected from the group consisting of -S(=0),-, -0O-
CF;-, -C(=0)-CF;-, -0-C(=0)-CF;-, -C(=0)-0-CF,-, and a
single bond; R has at least one fluorine atom when Y is
-S(=0),- or the single bond; m and n are integers
selected from the group consisting of m+n=3 and n= 0, 1,
and 2 when X is the carbon atom; m and n are integers
selected from the group consisting of m+n=6 and n=0 to
5 when X is the phosphorous atom; and R and Y may be
different from each other when m is equal to or greater
than 2; and
a salt of an anion portion and a cation portion,’
wherein an acid strength of an acid derived from the

anion portion is equal to or greater than that of
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hexafluorophosphoric acid and equal to or less than
that of hexafluorocantimonic acid.

[0011]The present invention can provide a negative
photosensitive resin composition which enables
patterning with high sensitivity and good molding
accuracy, 1is adaptable even to a high temperature
process, and has high heat resistance.

{0012} Further features of the present invention will become’
apparent from the following description of exemplary
embodiments with reference to the attached drawings.
Brief Description of Drawings

[0013] [Fig. 1]Fig. 1 is a schematic view of a pattern used in
order to evaluate molding accuracy in an embodiment of
the present invention.

[Fig. 2]Fig. 2 is a schematic perspective view of a
liquid discharge head in the embodiment of the present
invention.

[Fig. 3]Fig. 3 is a schematic perspective view of a
substrate used for the liquid discharge head in the
embodiment of the present invention.

[Figs. 4A, 4B, 4C, 4D, 4E and 4F]lFigs. 4A, 4B, 4C, 4D,
4E and 4F are process 'sectional views for describing a
manufacturing process of the liquid discharge head in
the embodiment of the present invention.

[Fig. 5]Fig. 5 is a graph showing the relationship
between heat processing and a residual ether ratio in a
cured product of a negative photosensitive resin
composition containing one kind of photoacid generator.
[Fig. 6]Fig. 6 is a graph showing the relationship
between heat processing and a film thickness in the
cured product of the negative photosensitive resin
composition containing one kind of photoacid generator.
Description of Embodiments

[001l4]Each of components of a photosensitive resin
composition according to the present invention will be

"described in detail.
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[0015]<Acid-Polymerizable Compound>
An acid-polymerizable compound is not particularly
limited but may be, for example, a compound having one
or more reactive functional groups selected from the
group consisting of an epoxy dgroup, an oxetane group, a
vinyl ether group, and a propenyl ether group.

[0016]0f these, a polyfunctional epoxy resin having a
plurality of epoxy groups included in one molecule can
be used. Examples of the polyfunctional epoxy resin
include a polyfunctional alicyclic epoxy resin, a
polyfunctional phenol novolak epoxy resin, a
polyfunctional o-cresol novolak epoxy resin, a
polyfunctional triphenyl novolak epoxy resin, and a
polyfunctional bisphenol A novolak epoxy resin. Of
these, the polyfunctional bisphenol A novolak epoxy
resin and the polyfunctional epoxy resin having an
alicyclic skeleton be desirably used. Desirably, the
epoxy resins have functionality of five or greater
functions. For example, "157S70" manufactured by Japan
Epoxy resins Co., Ltd., "EPICLON N-865" manufactured by
Dainippon Ink and Chemicals Inc., and "EHPE-3150"
manufactured by Daicel Chemical Industries, Ltd. are
available as commercial items, and are particularly
desirably used.

[0017]The softening point of the above-described
polyfunctional epoxy resin is not particularly limited
but is desirably 50 to 180°C and more desirably 60°C to
160°C.

[0018]The content of the above-described polyfunctional epoxy
resin in the composition is desirably 40% by mass to
99.9% by mass, more desirably 45% by mass to 99.9% by
mass, and still more desirably 50% by mass to 99.2% by
mass. Thereby, when the photosensitive resin
composition is applied to a support, a resist layer
having appropriate hardness is obtained.

[0019]Any compound having at least one oxetane ring can be
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[0020]

[0021]

used as the compound having an oxetane group. Examples
of the compound having an oxetane group include a
bisphenol A oxetane compound, a bisphenol oxetane
cempound, a bisphenol S oxetane compound, a xylylene
oxetane compound, a phenol-novolak oxetane compound, a
cresol-novolak oxetane compound, an alkylphenol-novolak
oxetane compound, a biphenol oxetane compound, a
bixylenol oxetane compound, a naphthalene oxetane
compound, a dicyclopentadiene oxetane compound, and an
oxetane-containing product of a condensate of phenols
and an aromatic aldehyde having a phenolic hydroxyl
group.

More specifically, compounds described in the followihg
chemical formulae are exemplified as the compound

having an oxetane group.
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[0022]
0 o O

_II‘—l ]

L_...] I__‘ L___]

—0 ——0 =0 | }
n is an integer of 1 to 20

]

[0023]Examples of the compound having a vinyl ether
(hereinafter, abbreviated as VE) group include
monofunctional VEs [carbon atoms of equal to or greater
than 3 and a number average molecular weight of equal
to or less than 1,000, for example, alkyl VEs [methyl
VE, ethyl VE, butyl VE, isobutyl VE, cyclohexyl VE, 2-
chloroethyl VE, 2-phenoxyethyl VE, 2-hydroxyethyl VE,
4-hydroxybutyl VE, stearyl VE, 2-acetoxyethyl VE,
diethylene glycol mono-VE, Z2-ethylhexyl VE, dodecyl VE,
and octadecyl VE], alkenyl VEs [allyl VE, 2-
methacroyloxyethyl VE, and 2-acroyloxyethyl VE], aryl
VEs [phenyl VE and p-methoxyphenyl VE], and
polyfunctional VEs [carbon atoms of equal to or greater
than 6 and a number average molecular weight of equal
to or less than 1,000, for example, 1,4-butane diol di-
VE, triethylene glycol di-VE, 1,4-benzene di-VE,
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hydroquinone di-VE, cyclohexanedimethanol di-VE,
diethylene glycol di-VE, dipropylene di-VE, and
hexanediol di-VE].

[0024]Examples of the compound having a propenyl ether
(hereinafter, abbreviated as PPE) group include
monofunctional PPEs [carbon atoms of equal to or
greater than 4 and a number average molecular weight of
equal to or less than 1,000, for example, alkyl PPEs
[methyl PPE, ethyl PPE, butyl PPE, isobutyl PPE,
cyclohexyl PPE, 2-chloroethyl PPE, 2-phenoxyethyl PPE,
2-hydroxyethyl PPE, 4-hydroxybutyl PPE, stearyl PPE, 2-
acetoxyethyl PPE, diethylene glycol mono-PPE, 2-
ethylhexyl PPE, dodecyl PPE, and octadecyl PPE],
alkenyl PPEs [allyl PPE, 2-methacroyloxyethyl PPE and
2-acroyloxyethyl PPE], aryl PPEs [phenyl PPE and p-
methoxyphenyl PPE], and polyfunctional PPEs [carbon
atoms of equal to or greater than 6 and a number
average molecular weight of equal to or less than 1,000,
for example, 1,4-butanediol di-PPE, triethylene glycol
di-PPE, 1,4-benzene di-PPE, hydroguinone di-PPE,
cyclohexanedimethanol di-PPE, diethylene glycol di-PPE,
dipropylene di-PPE, and hexanediol di-PPE].

[0025]<Photoacid Generator>
A photoacid generator includes a combination of a
cation portion structure and an anion portion structure.
Generally, the photoacid generator is irradiated with
light of a wavelength exposing the photoacid generator,
to cause structural changes such as decomposition of a
cation portion, thereby generating an acid derived from
an anion portion. The action of the generated acid
initiates a polymerization reaction of a resin to
enable the promotion of the reaction.

[0026]In order to obtain high sensitivity in the present
invention, there is used a first photoacid generator,
wherein an acid derived from an anion portion structure

has an acid strength stronger than that of
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hexafluorocantimonic acid. The anion portion structure
of the first photoacid generator is represented by the
following chemical formula 1.

[0027] '

(Chemical Formula 1)
(R —vxtr )
m

[0028]R represents a hydrocarbon group which may be _
substituted with a fluorine atom and has a total carbon
number of 1 to 30. X is selected from the group
consisting of a carbon atom and a phosphorous atom. Y
is selected from the group consisting of -S5(=0),-, -0-
CF,—, -C(=0)-CF,-, -0-C(=0)-CF,-, -C(=0)-0-CF;—, and a
single bond. R has at least one fluorine atom when Y
is -S(=0)2- or the single bond. m and n are integers
selected from the group consisting of m+n=3 and n= 0, 1,
and 2 when X is the carbon atom. m and n are integers
selected from the group consisting of m+n=6 and n=0 to
5 when X is the phosphorous atom. R and Y may be
different from each other when m is equal to or greater
than 2.

[0029]In the present invention, there is also used a second
‘photoacid generator, wherein an acid derived from an
anion portion structure has an acid strength of equal
to or less than that of hexafluoroantimonic acid.

[0030]}In the present invention, the inclusion of the first
photoacid generator generates a strong acid to improve
the sensitivity of the resin composition. The
generated strong acid is converted into a weaker acid
and a stable salt using the second photoacid generator
(see the following formula 1) to improve heat
resistance of a cured product. Hereinafter, the acid
derived from the anion portion structure of the first
photoacid generator is also referred to as a first acid.

The acid derived from the anion portion structure of
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the second photoacid generator is also referred to as a
second acid.

[0031]The stable salt means that a salt compound M /A" formed
after the first acid which is a strong acid is trapped
by the unreacted second photoacid generator is
chemically stable. The cured product is not
substantially deteriorated by the salt in a heating
process. Since an acid (N"/H' in the formula 1) derived
from the anion portion structure generated by salt
interchange has an acid strength equivalent to or
weaker than that of hexafluorocantimonic aCid, the
second photoacid generator used in the present
invention does not deteriorate the cured product of the
photosensitive resin composition. In the present
invention, presence of the strong acid which
deteriorates the cured product can be reduced, and the
heat resistance of the cured product can be improved.

[0032]Hereinafter, a reaction represented by a reaction
formula of <the formula 1> will be described.

[0033]

(Formula 1)

"S?e'épndﬁphotéagjid generator Salt.
N7A*"  M/A*
Mrst o e S e

First photoacid
‘generator .

str ong acid Weak: acid
[0034]M /S* shows the first photoacid generator. hv shows a
' process irradiating with energy light. M /H" shows the

acid (the first acid) generated from the first
photoacid generator after exposing. N /A' shows the
second photoacid generator. The present invention has
the relationship of an acid strength of M /H'>an acid
strength of N°/H*. That is, in the formula 1, M /H" and
N"/H' are respectively mentioned as the strong acid and

a weak acid for descriptive purposes.
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[0035]A unit having minus sign represents the anion portion.
A unit having plus sign represents the cation portion.
That is, this means that the first photoacid generator
and the second photoacid generator in the formula 1 are
a one-to-one counter ion salt of the anion portion and
the cation portion.

[0036]For example, when the first acid M™/H' which is the
generated strong acid meets with the unreacted
(undecomposed) second photoacid generator N /A" in PEB
(Post Exposure Bake) which is a process diffusing a
generating acid to form an image and in a heat-treating
(post-baking) process after developing, the first acid
M /H' is converted into the weak acid N°/H" and M /A'.

[0037]This is a phenomenon generally referred to as salt
interchange in the chemistry field.

[0038]Herein, the present invention is described using
specific examples. However, the following specific
examples do not limit the present invention. The
following one example can be exemplified as a
polyfunctional epoxy resin (A-1), a first photoacid
generator (B-1) and a second photoacid generator (C-1)
in the following description.

[0039] (A-1): EHPE 3150 (trade name, manufactured by Daicel
Chemical Industries, Ltd.) |
(B-1): GSID 26-1 (trade name, manufactured by Ciba
Japan K.K)

(C-1): SP172 (trade name, manufactured by ADEKA
Corporation)
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[0040]
Chemical Formula of (B-1)
cF:
0=S=0
%JC\ f
Fgc "' CF3
[0041]
‘Chemical Formula of (C-1)
F
Foi -F
F:§b: -
£F
[0042]Fig. 5 shows a graph representing, with an image, the

relationship between a heat processing temperature and
a residual ether ratio of a surface of a resin layer in
a system of a negative photosensitive resin composition
containing one kind of photoacid generator. This graph
represents variation in number of residual ethers of
the surface of the resin layer when the resin
composition containing one kind of photoacid generator
is applied on a substrate,

and heat-treated.

and is exposed, developed
s, . _

resin composition containing the polyfunctional epoxy
(A-1) (B-1),
and a negative photosensitive resin composition
containing the polyfunctional epoxy resin (A-1l) and the
(C-1) The number

of ethers is represented by a ratio of ether-derived

In Fig. a negative photosensitive

resin and the first photoacid generator

second photoacid generator are shown.

peak intensity to reference peak intensity when the

negative photosensitive resin compositions are measured
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by FT-IR.

[0043]Fig. 5 shows that the number of the residual ethers of
the surface of the resin layer decreases according to
the heat processing temperature in the negative
photosensitive resin composition containing the
polyfunctional epoxy resin (A-1) and the first
photoacid generator (B-1). This shows that the
polyfunctional epoxy resin (A-1) has an acid-
decomposable ether bond included in a main chain, and
an acid having an acid strength greater than that of
hexafluoroantimonic acid generated from the photoacid
generator oxidatively decomposes the ether bond of the
main chain during heat processing to generate a polar
group.

[0044]10n the other hand, the number of ethers of the surface
of the resin layer does not decrease during heat
processing in the negative photosensitive resin
composition containing the polyfunctional epoxy resin
(A-1) and the second photoacid generator (C-1). This
shows that even the polyfunctional epoxy resin having
an acid-decomposable bond contained in the main chain
is not oxidatively decomposed by hexafluoroantimonic
acid. That is, this suggests that hexafluoroantimonic
acid can be used as the basis of an acid strength for
oxidatively decomposing resins such as the
polyfunctional epoxy resin.

[0045]Then, Fig. 6 shows a graph showing the correlation
between the heat processing temperature of the resin
layer and a film thickness in the system of the
negative photosensitive resin composition containing
one kind of photoacid generator. The film thickness of
the resin layer before heat processinngas 20 pm.

[0046]Figs. 5 and 6 show that the film thickness of the resin
is reduced as the number of the residual ethers of the
surface of the resin layer is decreased in the negative

photosensitive resin composition containing the
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polyfunctional epoxy resin (A-1) and the first
photoacid generator (B-1). That is, this shows that
not only the ether bond of the surface of the resin
layer but also the ether bond in the resin layer are
decomposed. Furthermore, heat resistance is
disadvantageously insufficient. For example, adhesion
between a resin layer and a substrate is reduced by
conducting high-temperature heating of 160°C or higher
when the negative photosensitive resin composition
containing only one kind of first photoacid generator
(B-1) is used for a liquid discharge head.
[0047]Therefore, in the present invention, the sensitivity of
‘the resin can be improved by containing the first
photoacid generator to generate the first acid as the
strong acid, and the heat resistance of the cured
product can be imprdved by converting the generated
first acid into the weaker acid and the stable salt
using the second photoacid generator. '
[0048]The epoxy resin having an ether bond contained in the
main chain after being cured was used as an example in
the above-described specific description. However, the
present invention is not limited thereto. When the
high-temperature heating is conducted in the presence
of the strong acid, an internal bond of most resins is
considered to be decomposed. In the present invention,
such decomposition can be prevented by converting the
strong acid generated from the first photoacid
generator into the stable salt and the weaker acid
using the second photoacid generator. Therefore, any
acid-polymerizable compound can be used as the resin
without being particularly limited. Examples of the
acid-polymerizable compound include a compound having
an oxetane group, a compound having a vinyl ether group,
and a compound having a propenyl ether group as
described above in addition to the compound having an

epoxy group.
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[0049]Hereinafter, the first photoacid generator and the
second photoacid generator will be described in detail.
[0050]1<First Photoacid Generator>
Preferred specific examples of the anion portion
structure in the first photoacid generator will be
listed in the following chemical formula 3.

[0051]

(fChemica;l: Formula 3)

®2:1) CFs ®2-7) CFs3 (b2:12) ,
o=$-0 § ¢
£ _ :

Qe cF, R ST
FaC” P “CF, £.orCh o5, CsFy” ;\c;,
40‘ '\0\
0=$=0. e
Q ,c;S'P ©2:8) Tf;
CoFs o g CFs B . el
: HaC\g CeFs” é\c J"g
. ' C=0
®2-3) C;Fy CF,
O??:o ci: 2"1
Q. P Q; F2€77CFp 0214 CFs
caF/ W A \Cf "bC\olc 'c\ rCHQ . F
T 00 VYT . o © N
\ ” i
®2-4) CFs Ny
0=8=0 0
V= . ®2-15) .
9 _¢. 0 ‘c;’Fz ) ?’FL
= N 7S ) - N i
“F g O e SR, : NG
} HyC. O™ 0.0 FCFr
®2:5) " b Y
i 0 CHs (b2-16)
0=$=0_ Cofs
P (v2-10) | rLAF
CFr” b g Coén ' FTE% O 7
gt :
P
Fac/":\.css
©2-6) | | ®21n
¢Hs ®2-11) CiFo.
G=0 CaFs '.F_\,l,." F
L3 S
0, FiC CFz\c - GFd g e
HC” g TCHy

[0052]Although the cation portion structure used for the



WO 2011/096552 16 PCT/JP2011/052457

first photoacid generator of the present invention is
not particularly limited, a structure shown in the
following chemical formula 4 is preferable in view of
improvement in sensitivity.

[0053]

(Chemical Formula 4)
R:1—”?*‘“‘R3‘
,Rz
[0054]In the chemical formula 4, R; to R3 represent an aryl
group having a total carbon number of 6 to 30, a
heterocyclic group having a total carbon number of 4 to
30, an alkyl group having a total carbon number of 1 to
30, an alkenyl group having a total carbon number of 2
to 30, or an alkynyl group having a total carbon number
of 2 to 30. These may be substituted with at least one
selected from the group consisting of an alkyl group, a
hydroxy group, a cycloalkyl group, an alkenyl group, an
alkynyl group, an alkoxy group, an alkylcarbonyl group,
an arylcarbonyl group, a alkoxycarbonyl group, an aryl
oxycarbonyl group, an aryl thiocarbonyl group, an
acyloxy group, an arylthio group, an alkylthio group,
an aryl group, a hetero atom-containing aromatic ring
group, an aryloxy group, an alkylsulfinyl group, an
arylsulfinyl group, an alkylsulfonyl group, an
arylsulfonyl group, an alkyleneoxy group, an amino
group, a cyano group, a nitro group, and a halogen atom.
More specifically, examples of these substituent groups
include an alkyl group having 1 to 6 carbon atoms (for
example, a methyl group, an ethyl group, a propyl group,
an isopropyl group, a butyl group), a hydroxy group, a
cycloalkyl group having 3 to 6 carbon atoms (for
example, a cyclopropyl group; a cyclobutyl group, a
cyclopentyl group, a cyclohexyl group), an alkenyl
group having 2 to 6 carbon atoms (for example, a vinyl

group, a 1—propényl group, a 2-propenyl group, a 2-
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butenyl group), an alkynyl group having 2 to 6 carbon
atoms (for example, an acetylenyl group, a l-propynyl
group; a 2-propynyl group, a 2-butynyl group), an
alkoxy group having 1 to 6 carbon atoms (for example, a
methoxy group, an ethoxyl group, an n-propoxy group, an
iso-propoxy group, an n-butoxy group, a tert-butoxy
group), an alkylcarbonyl group having 2 to 6 carbon
atoms, an arylcarbonyl group having 7 to 11 carbon
atoms, an alkoxycarbonyl group having 2 to 6 carbon
atoms (for example, a methoxycarbonyl group, an
ethoxycarbonyl group, a tert-butoxycarbonyl group), an
aryl oxycarbonyl group having 7 to 11 carbon atoms, an
aryl thiocarbonyl group having 7 to 11 carbon atoms, an
acyloxy group having 2 to 6 carbon atoms, an arylthio
group having 6 to 10 carbon atoms (for example, a
phenylthio group, a naphthylthio group), an alkylthio
group having 1 to 6 carbon atoms (for example, a
methylthio group, an ethylthio group, an n—pfopylthio
group, an iso-propylthio group, an n-butylthio group, a
tert-butylthio group), an aryl group having 6 to 14
carbon atoms (for example, a phenyl group, a naphthyl
group and an anthracenyl group), a hetero atom-
containing aromatic ring group having 4 to 8 carbon
atoms (for example, a furyl group and a thienyl group),
an aryloxy group having 6 to 10 carbon atoms (for
example, a phenoxy group and a naphthoxy group), an
alkylsulfinyl group having 1 to 6 carbon atoms, an
arylsulfinyl group having 6 to 10 carbon.atoms, an
alkylsulfonyl group having 1 to 6 carbon atoms, an
arylsulfonyl group having 6 to 10 carbon atoms, an
alkyleneoxy group having 1 to 6 carbon atoms, an amino
group, a cyano group, a nitro group, and a halogen atom
(for example, a chlorine atom, a bromine atom, a
fluorine atom). Desirably, R; to R; have at least two
oxygen atoms included in the total component atoms. R;

to R3 may be the same or different from each other. In
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R; to R3, at least two Rs may be directly bonded to each
other, or be bonded via -0-, -S-, -SO-, -S50,-, -NH-, -
NR4-, -CO-, -C(=0) 0-, -C(=0O)NH-, and an alkylene group
or a phenylene group having 1 to 3 carbon atoms, to
form a ring structure, wherein Rs is an alkyl group
having 1 to 5 carbon atoms or an aryl group having 6 to
10 carbon atoms.

[0055] Preferred specific examples of the cation portion
structure will be shown in the following chemical

formula 5.
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[0056]
"('Chemical Formula 5)
P1-1) {b1-10)
) -~
o]
. 3 .
®1-2) PN

P13

(1) . ?

©1-13)

V(b1;‘7) . » 0_/'

HO .
P O
1-8 _ '
oo - (©1-15)
~o
AU
®1-9) - b1-18)

\Q/CQ \O‘® .
[0057]When, for example, an i-line is used as an exposing

wavelength, an example of the cation portion structure
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contained in the first photoacid generator is listed in

- the following chemical formula 6 (bl). Since the
cation portion structure (bl) contains many oxygen
atoms which constitute an electron-donating group, the
cation portion structure (bl) can lengthen the
absorption wavelength of the photoacid generator and
has i-line photosensitivity.

[0058]An example of the anion portion structure contained in
the first photoacid generator is listed in the
following chemical formula 6 (b2). An acid derived
from the anion portion structure (b2) has an acid
strength (an acid strength‘stronger than that of
hexafluoroantimonic acid) sufficiently curing an acid-
polymerizable resin (for example, an epoxy resin}).

[0059]

¢

(Chemical Formula 6)
0=8=0
.

o . f _
h A F;;C’ \6 oll "CFQ

An example of (bl) An example of (b2)

[0060]The content of the first photoacid generator in the
composition is generally 0.01 to 20% by mass, desirably
0.1 to 15% by mass, and more desirably 0.15 to 10% by
mass.

[0061]<Second Photoacid Generator>
A second photoacid generator wherein an acid strength
of an acid derived from an anion portion structure is
equal to or less than that of hexafluorocantimonic acid
can be selected.

[0062]Thé acid strength of equal to or less than that of
hexafluoroantimonic acid means that a Hammett acidity
function HO is equal to or less than 18, when the
compound is a Lewis acid. On the other hand, when the
compound is a Broensted acid, the acid strength is

desirably equal to or less than that of
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nonafluorobutane sulfonic acid. That is, PKa is
desirably equal to or greater than -3.57.

[0063]For example, the anion portion structure producing an
acid having an acid strength of equal to or less than

that of hexafluorocantimonic acid can be exemplified as

follows.
[0064]
(c1)
i
Fac-ﬂ" -CF4
F
(c-2)
FsC-B-CF,
F3
©3) CF,
Fgc-t:r-cr=3
CF3
(c-4)

(c-5)

SbFg” »
[0065]As described above, for example, a salt interchange

reaction between the second photoacid generator and the
first acid derived from the anion portion structure
generated from the first photoacid generator in the PEB
process is considered to occur. The acid strength of
the acid derived from the anion portion structure of
the second photoacid generator generated by the salt
interchange is equal to or less than that of
hexafluoroantimonic acid, and the second photcacid
generator does not deteriorate the cured product of the

photosensitive resin composition compared with the
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first acid. The curing reaction of the acid-
polymerizable compound such as the epoxy resin is
mainly conducted by the acid derived from the anion
portion structure of the first photoacid generator.

[0066]A photoacid generator having a cation portion structure
having absorption smaller than that of a cation
structure of the first photoacid generator in an
exposing wavelength of a negative photosensitive resin
is desirably used as the second photoacid generator in
view of maintaining the sensitivity of the first
photoacid generator.

[0067]A preferred example as the second photoacid generator
will be shown below. |

[0068]

H .
o\/\o 2
[0069] Preferred cation portion structures of the second

photoacid generator will be shown below.

N J
spesonclcacleSons

[0071]The content of the second photoacid generator in the
composition is generally 0.01 to 25% by mass, desirably
0.1 to 20% by mass, and more desirably 0.15 to 15% by
mass.

[0072]<Amine Compound>
An amine compound refers to a basic compound which

contains a nitrogen atom, is derived from the isolated
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electron pair of nitrogen atoms, and expresses basicity.
For example, the amine compound functions to trap an
acid derived and generated from an anion portion
structure of a photoacid generator. The amine compound
can deactivate the acidity of the acid. Thereby,
pattern resolution can be improved by controlling a
diffusion length of an acid in a process in which the
acid is diffused by heat, and sensitivity variation of
a photosensitive resin composition solution in a
storage period can be suppressed by deactivating a very
small quantity of acid generated from a photoacid
generator by a dark reaction while the photosensitive
resin composition solution is stored.

[0073]Examples of the amine compound include guanidine,
pyridine, pyrrolidine, indazole, imidazole, pyrazole,
pyrazine, pyrimidine, purine, imidazoline, pyrazoline,
piperazine, piperidine, or morpholine. These compounds
may be substituted. Examples of the substituent group
include an amino group, an aminoalkyl group, an
alkylamino group, an aminoaryl group, an arylamino
group, an alkyl group, an alkoxy group, an acyl group,
an allyloxy group, an aryl group, an aryloxy group, a
nitro group, a hydroxy group, and a cyano group.

[0074]As the amine compound, there can be exemplified
tertiary amines such as triphenylamine, triethanolamine,
triisopropylamine, triisopropanol amine, N,N-diethyl-3-
aminophenol, N-ethyldiethanolamine and 2-
diethylaminoethanol; secondary amines such as
diethanolamine, diisopropanolamine and N-
methylbenzylamine; primary amines such as monomethyl;
diamine such as ethylene diamine; pyrimidine compounds
such as aminepyrimidine, Z2-aminopyrimidine, 4-
aminopyrimidine, and 5-aminopyrimidine, and derivatives
thereof; pyridine compounds such as pyridine,
methylpyridine and 2,6-dimethylpyridine, and

derivatives thereof; and aminophenols such as 2-
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aminophenol and 3-aminophenol, and derivatives thereof.

[0075]Preferred specific examples of the amine compound
include guanidine, pyridine, 1,1-dimethylguanidine,
1,1,3,3-tetramethylguanidine, Z2-aminopyridine, 3-
aminopyridine, 4-aminopyridine, 2-dimethylaminopyridine,
4-dimethylaminopyridine, 2-diethylaminopyridine, 2-
(aminomethyl)pyridine, 2-amino-3-methylpyridine, 2-
amino-4-methylpyridine, 2-amino-5-methylpyridine, 2-
amino-6-methylpyridine, 3-aminoethylpyridine, 4-
aminoethylpyridine, 3-aminopyrrolidine, 2-
aminopyrrolidine, piperazine, N-(2-
aminoethyl)piperazine, N-(2-aminoethyl)piperidine, 4-
amino-2,2,6,6-tetramethylpiperidine, 4-
piperidinopiperidine, 2-iminopiperidine, 1-(2-
aminoethyl)pyrrolidine, pyrazole, 3-amino-5-
methylpyrazole, 5-amino-3-methyl-l-p-tolylpyrazole,
pyrazine, 2-{(aminomethyl)-5-methylpyrazine, pyrimidine,
2,4~-diaminopyrimidine, 4,6-dihydroxypyrimidine, 2-
pyrazoline, 3-pyrazoline, N-aminomorpholine, or N-(2-
aminoethyl)morpholine.

[0076]The amine compounds can be used either singly or in the
form of a combination of two or more. The content of
the amine compound in all of the composition is
desirably 0.001 to 10% by mass, more desirably 0.005 to
5% by mass, and most desirably 0.01 to 4 % by mass.

[0077]<Sensitizer>
A sensitizer can be used for the purpose of improving
sensitivity. For example, when an exposure light
source is an i-line, a sensitizer is desirably used,
which contains a naphthalene derivative, or anthracene
or a derivative thereof, capable of being sensitized to
a sulfonium salt type photoacid generator and an
iodonium salt type photoacid generator.

[0078]<Solvent>
A solvent used for the present invention is not

particularly limited. Solvents which have
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conventionally been known can be used. Examples
thereof include y-butyrolactone, ethyl lactate,
propylene carbonate, propylene glycol monomethylether
acetate, methyl isobutyl ketone, butyl acetate, methyl
amyl ketone, 2-heptanone, ethyl acetate, methyl ethyl
ketone, diglyme, xylene, cyclohexanone, and
cyclopentanone. ‘

[0079] The amount of the solvent can be setAto, for example, 5
to 99 parts by mass based on 100 parts by mass of the
acid-polymerizable compound, and desirably 10 to 95
parts by mass. |

[0080]<Method for Manufacturing Liquid Discharge Head>
Fig. 2 shows an example of a liquid discharge head
manufactured using a negative photosensitive resin
composition according to the present invention. The
example of the liquid discharge head described in Fig.
2 is an ink jet recording head. However, the liquid

| discharge head is not particularly limited. In the ink
jet recording head shown in Fig. 2, an ink flow path
forming layer 4 is provided on a substrate 1 having a
plurality of energy generating elements 2. The ink
flow path forming layer 4 forms an ink discharge port 5
for discharging ink such as a liquid and an ink flow
path 3c communicated with the ink discharge port and
holding the ink. A supply port 6 supplying the ink to
the ink flow path 3c is formed on the substrate 1.

[0081l]Hereinafter, an embodiment of a method for
manufacturing the liquid discharge head of the present
invention will be described.

[0082]As shown in Fig. 3, the plurality of energy generating
elements 2 are arranged at a predetermined pitch on the
substrate 1. Manufacturing process drawings in ‘
sectional views taken in line A-B in Figs. 2 and 3 are
Figs. 4A to 4F.

[0083]Hereinafter, each of processes will be described using

Figs. 4A to 4F. A control signal input electrode (not
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shown) for operating the energy generating element 2 is
connected to the energy generating element 2.

[0084]First, as shown in Fig. 4A, the substrate 1 having the
energy generating.elements 2 is prepared. The
substrate 1 is desirably a Si substrate. The substrate
1 is particularly desirably a silicon single crystal.
When a through hole is bored in the substrate 1 by
anisotropic etching, the substrate 1 is desirably a
silicon single crystal having crystal orientation <100>.
When the through hole is bored in the substrate 1 by
dry etching, sandblasting, and laser, the substrate 1
may be a silicon single crystal having crystal
orientation <110>.

[0085]If the energy generating element 2 applies discharge
energy for discharging ink droplets to the ink to
enable the discharge of the ink droplets from the
discharge port 5, the energy generating element 2 is
not particularly limited. For example, when a heating
resistor element is used as the energy generating
element 2, the heating resistor element heats the ink
which is in the vicinity of the heating resistor
element to bring about the state change of the ink,
thereby generating the discharge energy.

[0086]As shown in Fig. 4B, a dissolvable resin composition is
then coated on the substrate 1 to form an ink flow path
pattern layer 3a. In a method for forming the ink flow
path pattern layer 3a, for example, a positive
photosensitive resin is suitably dissolved in a solvent,
and the obtained solution is coated on the substrate 1
by a spin coat method. The ink flow path pattern layer
3a can be then formed by heating. Although the
thickness of the ink flow path pattern layer 3a is a
desired height of the ink flow path 3¢, and is not
particularly limited, the thickness is desirably, for
example, 2 to 50 pm.

[0087]As shown in Fig. 4C, the ink flow path pattern layer 3a
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is irradiated with radiation rays and developed to form
an ink flow path pattern 3b.

[0088]The ink flow path forming layer 4 made of a
photosensitive resin composition of the present
invention is then formed on the ink flow path pattern
3b and the substrate 1. The thickness of the ink flow
path forming layer 4 is desirably equal to or greater
than 2 pm as a thickness on the ink flow path pattern
3b. As far as the developability of the discharge port
is not impaired, the thickness of the ink flow path
forming layer 4 is not particularly limited. For
example, the thickness is desirably 100 pum or less as
the thickness on the ink flow path pattern 3b.

[OO89]AS»shown in Fig. 4D, the ink flow path forming layer 4
is then irradiated with radiation rays such as an i-
line wavelength. The ink flow path forming layer 4 can
be irradiated with a required exposure amount
calculated in the sensitivity evaluation. The ink flow
path forming layer 4 is then developed by methyl
isobutyl ketone (MIBK) to form the discharge port 5.

[0090]As shown in Fig. 4E, the supply port 6 is then formed
using suitable methods such as etching processing.

[0091]1As shown in Fig. 4F, the ink flow path pattern 3b is
then dissolved in a suitable solvent to remove the ink
flow path pattern 3b. The suitable solvent as
described herein may be an alkaline aqueous solution or
an organic solvent. Furthermore, in order to cure the
ink flow path forming layer 4, the ink flow path
forming layer 4 is post-baked at 200°C for 1 hour using,
for example, an oven.

[0092]The substrate 1 is then cut and separated into chips by
a dicing saw. In order to drive the energy generating
element 2, an inner lead (not shown) formed on a
flexible substrate (not shown) and an electrode pad
(not shown) formed on the substrate 1 are electrically

connected. When an electrical connecting process is
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conducted by a single point bonding system, the
substrate is generally subjected to a temperature of
about 200°C or equal to or greater than 200°C.
Furthermore, a chip tank member for supplying ink is
connected to complete a liquid discharge head (not .
shown) . '

[0093]The above-described method is not limited to the method
for manufacturing the liquid discharge head, and is
effective also as a pattern forming method for forming
a hollow pattern.

[0094]The ink jet recording head was described as an example
of application of the present invention in the above-
described description. However, the range of
application of the present invention is not limited
thereto. The present invention can be applied also to
manufacture of liquid discharge heads for biochip
production and electronic circuit printing applications.
Examples of the liquid discharge head include a head
for manufacturing color filter in addition to the ink
jet recording head.

Examples

[0095]Hereinafter, Examples of the preseht invention will be
described. However, the present invention is not
limited to these Examples. In the Examples, an i-line
wavelength was used for exposure of a negative
photosensitive resin composition.

[009¢]Examples 1 to 4, Comparative Examples 1 and 2

' Photosensitive resin compositions were obtained
according to formulations described in Table 1. 100 g
of a polyfunctional epoxy resin and 60 g of xylene as a
solvent were blended. A first and second photocacid
generators of molar numbers described in Table 1 were
added to the polyfunctional epoxy resin solution. 1In
Examples 1 and 2, the first and second photoacid
generators were prepared so that the molar amount of

the second photoacid generator was three times greater
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than that of the first photoacid generator. In Example
3, the first and second photoacid generators were
prepared so that the molar amount of the second
photoacid generator was equal to that of the first
photoacid generator. In Example 4, the first and
second, photoacid generators were prepared so that the
molar amount of the second photoacid generator was two
times greater than that of the first photoacid
generator.

[0097]Triethanolamine was used as an amine compound (D) to be
added. |

[0098]Comparative Example 1 shows an example when only the
first photoacid generator is used. Comparative Example
2 shows an example when only the second photoacid
generator is used. '

[0099]<Evaluation Method> _

Sensitivity and molding accuracy were evaluated using a
model pattern (Fig. 1) in an aperture diameter of an
ellipsoidal nozzle opening. The ellipsoidal nozzle
opening had a design size having a long axis of 20 um
and a short axis of 16 pum. The model pattern was
bridged by a line pattern having a width of 3 um along
the short axis. Exposure was gradually conducted in a
range of 500 J/m?® to 20000 J/m’ by using the model
pattern as evaluation of sensitivity to form a negative
resist pattern. An exposure amount required to form
the pattern having the above-described design size was
measured. -

[0100]Furthermore, in evaluation of molding accuracy, a part
where the above-described ellipse and the bridged line
pattern (symbol ¢ in Fig. 1) crossed each other was
observed by a scanning electron microscope (SEM), and
resolution thereof was measured. A distance (symbol b
in Fig. 1) between a half-moon shaped end part (symbol
a in Fig. 1) when a resist pattern could be formed so

as to faithfully follow a mask pattern and a part where
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the bridged line pattern and the actually resolved
pattern crossed each other was defined as molding
accuracy (unit: pm). This means the molding accuracy
of 0 pm when the actual pattern is resolved to the
half-moon shaped end part (symbol a in Fig. 1). That
is, this shows that the actual pattern coincides to the
design size of the mask. However, when the molding
accuracy is deteriorated, a negative product is left in
the half-moon shaped end part. The spread extent of
the negative product determines the value of the
molding accuracy.

[0101]Heat resistance was evaluated as follows. The liquid
discharge head produced by the manufacturing method
described above was immersed in ink. The liguid
discharge head was stored in the ink at 60°C for one
month. The heat resistance was evaluated by a liquid
contact test for confirming peeling of a flow path
forming layer and a substrate of the stored liquid
discharge head. The heat resistance of each of five
heads per each level was evaluated. If the flow path
forming layer which is a cured product of a
photosensitive resin is deteriorated when the
photosensitive resin composition is used for the liquid

- discharge head, a liquid penetrates in the deteriorated
part to reduce adhesion between the flow path forming
layer and the substrate, thereby, peeling occurs
between the flow path forming layer and the substrate.

[0102]The photosensitive resin composition was applied on a
support including a silicon wafer by a spin coater.

The photosensitive resin composition was then dried by
prebaking at 90°C for 5 minutes to obtain a
photosensitive resin composition layer having a film
thickness of 20 pm. The photosensitive resin
composition layer was then pattern-exposed via a mask
having a desired depicting pattern using "FPA-3000 i5+"

(i line stepper: trade name, manufactured by Canon,
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Inc.), and PEB was conducted at 90°C for 4 minutes by a
hot plate. After the PEB, development processing was

conducted using "CDS-630+" (trade name, manufactured by
Canon, Inc.). The developed resin pattern was then
post-baked with the substrate at 150°C for 1 hour using
an oven to obtain a cured resist pattern formed on the
support. Furthermore, the resist pattern was heat-
treated at 200°C for 1 hour using an oven. The heat
resistance was evaluated using this sample.

[0103]Table 1

Com. Com.
Ex. 1 Ex. 2 | Ex. 3 | Ex. 4 Ex. 1 |Ex. 2
Resin | 5 1 (g 100 100 100 100 100 100
component
First
photoacid [B-1 (mol) | 0.0008 |0.0008 |0.0008 |0.0008 |0.0008
generator
Second
photoacid |{C-1 {(mol) | 0.0024 |0.0024 |0.0008 |0.0016 0.0024
generator
Amine D (g) 0.05 0 0.05 | 0.05 | 0.05 0
compound
Exposure amount 4000 | 1500 | 4000 | 4000 | 4000 | 4500
(J/m°)
Molding accuracy <0.5 2.0 1.0 1.0 1.0 4.0
(pm)
Evaluation of heat
esistance (number of
heads having 0 0 3 1 5 0
occurrence of
peeling)

(A-1): EHPE 3150 (trade name, manufactured by Daicel Chemical
Industries, Ltd.)
(B-1): GSID26-1 (trade name, manufactured by Ciba Japan K.K)
(C-1): SP172 (trade name, manufactured by ADEKA Corporation)
(D): triethanolamine

[0104]Examples 1 and 2 contained the first photoacid
generator and the second photoacid generator, and the
model pattern was formed using the polyfunctional epoxy
resin. The pattern could be formed with a small
exposure amount of equal to or less than 4000 J/m?. The
molding accuracy in this case was fine one of equal to

or less than 2.0 pum. Furthermore, also in the
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evaluation of the heat resistance, the peeling of the
flow path forming layer and the substrate was not
confirmed. Even when Examples 1 and 2 were used as the
liquid discharge head, a reliable flow path forming
layer could be formed. Example 1 in which an amine
component was blended provided a better result of
molding accuracy than that of Example 2. The reason is
considered to be as follows. The blended amine
compound controlled diffusion of a generating acid in.a
process for diffusing the acid generated by exposure
during heating, to improve pattern resolution.

[0105]0n the other hand, when only the first photoacid
generator was used as in Comparative Example 1, a
micropattern having molding accuracy of equal to or
less than 2.0 pm could be formed. However, in the
evaluation of the heat resistance, peeling occurred.
This reason is considered to be as follows. When a
strong acid derived from an anion portion structure of
the first photoacid generator is left in a cured film
of the photosensitive resin composition, the acid
decomposes a resin component and a polymer substance
during heat processing conducted at 200°C.

[0106]When only the second photoacid generator was used as in
Comparative Example 2, in the evaluation of the heat
resistance, no peeling occurred. However, molding
accuracy was 4 pm, and a microscopic shape could not be
formed. This result of the evaluation of the heat
resistance shows that if an acid strength of an acid
derived from an anion portion structure of the second
photoacid generator is equal to or less than that of
hexafluoroantimonic acid, the acid does not deteriorate
a cured product of a photosensitive resin.

[0107]Furthermore, in Examples 3 and 4, the first photoacid
generator and the second photoacid generator were used
so that addition molar ratios of the first photoacid

generator and the second photoacid generator were set
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to 1:1 and 1:2. In both Examples 3 and 4, molding
accuracy was 1 um and good. In the evaluation of the
heat resistance, some peelings occurred. However, the
heat resistance of Examples 3 and 4 was improved
compared with Comparative Examples. Example 4 having
the increased additive amount of the second photoacid
generator decreased the generating number of peelings
compared with Example 3. The reason is considered to
be as follows. Example 4 uses a larger amount of the
second photoacid generator to more effectively conduct
salt interchange of a first acid derived from the anion
portion structure of the first photoacid generator and
the second photoacid generator. Thereby, the first
acid left in the cured film of the photosensitive resin
composition is reduced to improve the heat resistance.
From these results, in view of more effectively
generating the salt interchange, the second photoacid
generator of equal to or greater than 3 equivalent of
the first photoacid generator is desirably added.
[0108] Furthermore, a water repellent layer may be formed on
the flow path forming layer formed using the
photosensitive resin composition of the present
invention, while the water repellent layer is not
described in the examples. The water repellent layer
requires water repellence for ink and mechanical
strength against wiping accompanied by contact with a
wiper. Therefore, a negative resist containing a
functional group having water repellence such as
fluorine and silicon, énd a condensate containing a
hydrolyzable silane compound having a fluorine-
containing group and a hydrolyzable silane compound
having a cation polymerizable group are suitably used
as the material of the water repellent layer. For
example, the water repellent layer is provided after
application and heat processing of the photosensitive

resin composition, and can be patterned simultaneously
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with exposure of the photosensitive resin composition.

[0109]Examples 5 and 6
Examples using one kind of epoxy resin are shown in
Examples 5 and 6. A plurality of kinds of epoxy resins
may be used upon being mixed together in order to
satisfy required characteristics such as coating
pfoperties and viscosity adjustment of a photosensitive
resin composition.

[0110] Photosensitive resin compositions were obtained
according to formulations described in Table 2. The
blended amounts of polyfunctional epoxy resins of '
Examples 5 and 6 were calculated from epoxy equivalent
(WPE) so that an epoxy content was equal to the case of
100 g of the polyfunctional epoxy resin of Example 1.
The masses of the polyfunctional epoxy resins described
in Table 2 and 60 g of xylene as a solvent were blended.
A first and second photoacid generators of molar
amounts described in Table 2 were added to a
polyfunctional epoxy resin solution.

[0111]Table 2

WPE Ex. 1 Ex. 5 Ex. 6

A-1 (g) 178 100
Resin components | A-2 (qg) 210 118
A-3 (qg) 208 117
First photoacid |p , (/) 0.0008 | 0.0008 0.0008
generator
Second photoacid |, , 1) 0.0024 0.0024 0.0024
generator
Amine component D (g) 0.05 0.05 0.05
Exposure amount (J/m?) 4000 4000 4000
Molding accuracy (um) <0.5 <0.5 <0.5
Evaluation of heat
resistance (number of
. 0 0 0
heads having occurrence of
peeling)

(A-1): EHPE 3150 (trade name, manufactured by Daicel Chemical
Industries, Ltd.)

(A-2): JER157S70 (tradé name, manufactured by Japan Epoxy Resins
Co., Ltd.)

(A-3): EPICLON N-865 (trade name, manufactured by Dainippon Ink and

Chemicals Inc.)
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(B-1): GSID26-1 (trade name, manufactured by Ciba Japan K.K)
(C-1): SP172 (trade name, manufactured by ADEKA Corporation)
(D) : triethanolamine

[0112]The photosensitive resin compositions were evaluated in
the same manner as in Example 1.

[0113]In both Examples 5 and 6, patterns could be formed with
an exposure amount of equal to or less than 4000 J/m?
as in Example 1. Molding accuracy in this case was
smaller than 0.5 pm and good. Also in the evaluation
of the heat resistance, peeling of a flow path forming
layer and a substrate was not confirmed, and a reliable
flow path forming layer could be formed.

[0114]The application field of the present invention is not
particularly limited. For example, the present
invention is applicable to manufacture of the
semiconductor integrated circuit, the semiconductor
exposing mask, and the MEMS. Particularly, the liquid
discharge head of the MEMS field has high heat
resistance, and the discharge port can be formed with
high sensitivity and good molding accuracy in the
manufacture of the liquid discharge head.

[0115]While the present invention has been described with
reference to exemplary embodiments, it is to be
understood that the invention is not limited to the
disclosed exemplary embodiments. The scope of the
following claims is to be accorded the broadest
interpretation so as to encompass all such
modifications and equivalent structures and functions.

[0116]This application claims the benefit of Japanese Patent
Application No. 2010-024683, filed February 5, 2010,
which is hereby incorporated by reference herein in its

entirety.
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CLAIMS
A photosensitive resin composition comprising:
a cation polymerizable compound; and
a photoacid generator having an anion portion

represented by the formula 1 and a cation portion,
(R —v¥xtF)
m n

wherein R represents a hydrocarbon group which may be
substituted with a fluorine atom and has a total carbon
number of 1 to 30; X is selected from the group
consisting of a carbon atom and a phosphorous'atom; Y
is selected from the group consisting of -S(=0),-, -0-
CF,-, -C(=0)-CF,-, -0-C(=0)-CF;-, -C(=0)-0-CF;-, and a
single bond; R has at least one fluorine atom when Y is
-S(=0),- or the single bond; m and n are integers
selected from the group consisting of m+n=3 and n= 0, 1,
and 2 when X is the carbon atom; m and n are integers
selected from the group consisting of m+n=6 and n=0 to
5 when X is the phosphorous atom; and R and Y may be
different from each other when m is equal to or greater
than 2; and

a salt of an anion portion and a cation portion,
wherein an acid strength of an acid derived from the
anion portion is equal to or greater than that of
hexafluorophosphoric acid and equal to or less than
that of hexafluoroantimonic acid.

The photosensitive resin composition according to claim
1, wherein a molar number of the second photoacid
generator in the photosensitive resin is equal to or
greater than three times that of the first photoacid
generator.

The photosensitive resin composition according to claim
1, wherein the cation polymerizable compound has one of
an epoxy group and an oxetane group.

The photosensitive resin composition according to claim

1, wherein the cation polymerizable compound is a
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[5]

[7]

[9]

novolak epoxy resin.
The -photosensitive resin composition according to claim
1, wherein the cation polymerizable compound is a

polyfunctional epoxy resin having an alicyclic skeleton.

- The photosensitive resin composition according to claim

1, wherein the anion portion of the photoacid generator

has a structure represented by the following formula.
CaFs

N I’,/F
CoFs™ ¢ Cfs

The photosensitive resin composition according to claim
1, wherein the anion portion of the photoacid generator

has a structure represented by the following formula.

GFs
O=?=O
Q>,C;/P

FiC g o’ CFs

A method for manufacturing a structural body comprising
in this order:

preparing a substrate having the photosensitive resin
composition of claim 1 provided thereon, the
photosensitive resin composition constituting the
structural body;

exposing the photosensitive resin composition to cure
an exposed portion thereof, thereby forming a cured
product thereof, and removing an uncured portion; and
heating the cured product to 160°C or higher.

A liquid discharge head comprising:

a discharge port member having a discharge port for
discharging liquid,

wherein the discharge port member comprises a cured
product of a resin composition,

the resin composition comprising:
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(11]

[12]

(13]

a cation polymerizable compound;

a photoacid generator having an anion portion
represented by the formula 1 and a cation portion,

(R —vixtr)

m n

wherein R represents a hydrocarbon group which may be
substituted with a fluorine atom and has a total carbon
number of 1 to 30; X is selected from the group
consisting of a carbon atom and a phosphorous atom; Y
is selected from the group consisting of -S(=0),-, -0-
CF;-, -C(=0)-CF;-, -0-C(=0)-CF;-, -C(=0)-0-CF;-, and a
single bond; R has at least one fluorine atom when Y is
-S(=0),- or the single bond; m and n are integers
selected from the group consisting of m+n=3 and n= 0, 1,
and 2 when X is the carbon atom; m and n are integers
selected from the group consisting of m+n=6 and n=0 .to
5 when X is the phosphorous atom; and R and Y may be
different from each other when m is equal to or greater
than 2; and

a salt of an anion portion and a cation portion,
wherein an acid strength of an acid derived from the
anion portion is equal to or greater than that of
hexafluorophosphoric acid and equal to or less than
that of hexafluorcantimonic acid.

The liguid discharge head according to claim 9, wherein
a molar number of the second photoacid generator in the
photosensitive resin is equal to or greater than three
times that of the first photoacid generator.

The liquid discharge head according to claim 9, wherein
the cation polymerizable compound has one of an epoxy
group and an oxetane group.

The liquid discharge head according to claim 9, wherein
the cation polymerizable compound is a novolék epoxy
resin.

The liquid discharge head according to claim 9, wherein

the cation polymerizable compound is a polyfunctional
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[15]

epoxy resin having an alicyclic skeleton.
The liquid discharge head according to claim 9, wherein

the anion portion of the photoacid generator has a

‘structure represented by the following formula.

CoFs

Fo |’7/ F
CZFS/ rl_-\C 2F5

The ligquid discharge head according to claim 9, wherein
the anion portion of the photoacid generator has a

structure represented by the following formula.

CFs
0=§8=0
Qéxxép

FsC™ % o CFs



WO 2011/096552 PCT/JP2011/052457
40

AMENDED CLAIMS
received by the International Bureau on 31 May 2011 (31.05.2011)

[1] (Amended) A photosensitive resin composition comprising:
a cation polymerizable compound; and
a photoacid generator having an anion portion represented
by the formula 1 and a cation portion represented by the
formula 4,
<formula 1>
(R —YFxt=)

m n

wherein R represents a hydrocarbon group which may be
substituted with a fluorine atom and has a total carbon
number of 1 to 30; X is selected from the group consisting
of a carbon atom and a phosphorous atom; Y is selected from
the group consisting of -S(=0),-, -0-CF,;-, —C(=O)—CF2—,
-0-C(=0) -CF3~, =-C(=0)-0-CFy;-, and a single bond; R has at
least one fluorine atom when Y is -S(=0),;~- or the single
bond; mandn are integers selected from the group consisting
of m+n=3 and n= 0, 1, and 2 when X is the carbon atom; m
and n are integers selected from the group consisting of
m+n=6 and n=0 to 5 when X is the phosphorous atom; and R
and Y may be different from each other when m is equal to

or greater than 2;
<formula 4>

{Chemical Formula 4)
RI—§" s
R2

wherein R; to R; represent an aryl group having a total carbon
number of 6 to 30, a heterocyclic group having a total carbon
number of 4 to 30, an alkyl group having a total carbon number
of 1 to 30, an alkenyl group having a total carbon number
of 2 to 30, or an alkynyl group having a total carbon number
of 2 to 30, R; to R; have at least two oxygen atoms included
in the total component atoms; and

a salt of an anion portion and a cation portion, wherein

AMENDED SHEET (ARTICLE 19)
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[6]

[8]
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an acid strength of an acid derived from the anion portion
is equal to or less than that of hexafluoroantimonic acid.
(Amended) The photosensitive resin composition according
to claim 1, wherein a molar number of the salt in the
photosensitive resin is equal to or greater than three times
that of the photoacid generator.

The photosensitive resin composition according to claim 1,
wherein the cation polymerizable compound has one of an
epoxy group and an oxetane group.

The photosensitive resin composition according to claim 1,
wherein the cation polymerizable compound is a novolak
epoxy resin.

The photosensitive resin composition according to claim 1,
wherein the cation polymerizable compound is a
polyfunctional epoxy resin having an alicyclic skeleton.
The photosensitive resin composition according to claim 1,
wherein the anion portion of the photoacid generator has

a structure represented by the following formula.
CoFs

Fe FL/F
C2F5/ #\02F5

The photosensitive resin composition according to claim
1, wherein the anion portion of the photocacid generator

has a structure represented by the following formula.

CFs
0=8=0
O c. P

FsC" Yy g CFs

A method for manufacturing a structural body comprising in
this order:
preparing a substrate having the photosensitive resin

composition of claim 1 provided thereon, the photosensitive

AMENDED SHEET (ARTICLE 19)
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resin composition constituting the structural body;
exposing the photosensitive resin composition to cure an
exposed portion thereof, thereby forming a cured product
thereof, and removing an uncured portion; and
heating the cured product to 160°C or higher.

[9] (Amended) A liquid discharge head comprising:
a discharge port member having a discharge port for
discharging liquid,
wherein the discharge port member comprises a cured product
of a resin composition,
the resin composition comprising:
a cation polymerizable compound;
a photoacid generator having an anion portion represented
by the formula 1 and a cation portion represented by the
formula 4,
<formula 1>,

(R ——-Ya;x--(—F ).

wherein R represents a hydrocarbon group which may be
substituted with a fluorine atom and has a total carbon
number of 1 to 30; X is selected from the group consisting
of a carbon atom and a phosphorous atom; Y is selected from
the group consisting of -S(=0),-, -0-CF,-, -C(=0)-=CF;-,
-0-C(=0) -CF-, -C(=0)-0-CFy;~, and a single bond; R has at
least one fluorine atom when Y 1s -S(=0),- or the single
bond; mandn are integers selected from the group consisting
of m+n=3 and n= 0, 1, and 2 when X is the carbon atom; m
and n are integers selected from the group consisting of
m+n=6 and n=0 to 5 when X is the phosphorous atom; and R
and Y may be different from each other when m is equal to
or greater than 2;

<formula 4>

{Chemical Formula 4)
Rf"""?*-‘”’ﬂa
Rz

AMENDED SHEET (ARTICLE 19)
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wherein R; to Rz represent an aryl group having a total carbon
number of 6 to 30, a heterocyclic group having a total carbon
number of 4 to 30, analkyl group having a total carbon number
of 1 to 30, an alkenyl group having a total carbon number
of 2 to 30, or an alkynyl group having a total carbon number
of 2 to 30, R; to R; have at least two oxygen atoms included
in the total component atoms; and
a salt of an anion portion and a cation portion, wherein
an acid strength of an acid derived from the anion portion
is equal to or less than that of hexafluoroantimonic acid.
(Amended) The liquid discharge head according to claim 9,
wherein a molar number of the salt in the photosensitive
resin is equal to or greater than three times that of the
photoacid generator.
The liquid discharge head according teo claim 9, wherein the
cation polymerizable compound has one of an epoxy group and
an oxetane group.
The liquid discharge head according to claim 9, wherein the
cation polymerizable compound is a novolak epoxy resin.
The liquid discharge head according to claim 9, wherein the
cation polymerizable compound is a polyfunctional epoxy
resin having an alicyclic skeleton.
The liquid discharge head according to claim 9, wherein the
anion portion of the photoacid generator has a structure
represented by the following formula.

C.Fs

F\L/F
C2F5/ II:\C 2F5

The liquid discharge head according to claim 9, wherein the
anion portion of the photoacid generator has a structure

represented by the following formula.

AMENDED SHEET (ARTICLE 19)
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Statement under Article 19(1)

The amendments of claims 1 and 9 are supported at pages 16-17 of the

specification.

Claims 1 and 9 are amended to limit the cation portion of photoacid generator to
the structure of formula 4 and to recite that R1 to R3 in the formula 4 include at least
two oxjgen atoms. The reference D1 discloses that the cation portion of photoacid
generator of D1 (at left side of PAG-H) has no oxygen atoms. None of the references D2

to D5 has disclosure more than D1.
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FIG. 5
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