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Description

Title of Invention: PHOTOSENSITIVE RESIN COMPOSITION,
METHOD FOR PRODUCING STRUCTURE, AND LIQUID

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

[0007]

DISCHARGE HEAD
Technical Field

The present invention relates to a photosensitive resin composition, a method for
producing a structure, and a liquid discharge head.
Background Art

A known micro-fabrication technique includes a photolithographic technique
including subjecting a negative-type photosensitive resin to exposure to light and de-
velopment to form a patterned structure. This technique is widely used in applications
such as semiconductor integrated circuit production applications, semiconductor
exposure mask production applications, and applications of the production of various
microelectromechanical systems (MEMS). In an example of the MEMS production ap-
plication, the technique is used for the production of liquid discharge head nozzles.
Steppers with i-line light sources are widely used as exposure devices. In the field of
this technique, the production of more complicated and sophisticatedly-shaped
structures has recently been demanded, and therefore, a negative-type photosensitive
resin exhibiting high photosensitivity to light from a light source and high shaping
accuracy has been demanded.

Japanese Patent Application Laid-Open No. 2008-256980 discusses a photosensitive
resin composition which contains a polyfunctional epoxy resin and a cationic poly-
merization initiator as an example of such a negative-type photosensitive resin.

U.S. Patent No. 6,155,673 discusses an example of the structure of a liquid discharge
device having nozzles in which bubbles produced by heating a heat resistor are
allowed to communicate with outside air so that ink droplets can be discharged.

However, the above composition does not have satisfactory properties in some cases
for the reason below. For example, when a complicated structure such as a tapered
discharge port for a liquid discharge device is formed using such a negative-type pho-
tosensitive resin composition and an i-line light source, an undesired shape such as a
partially-rounded edge may be formed.

Summary of Invention

The present invention is directed to a photosensitive resin composition with which a
structure can be formed with high sensitivity and high shaping accuracy using i-line
photolithography.

According to an aspect of the present invention, there is provided a photosensitive
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resin composition including: (a) a compound polymerizable in the presence of an acid;
and (b) a photoacid generating agent including an onium salt having a cationic part
structure represented by formula (b1) below and an anionic part structure represented
by formula (b2) below, wherein the component (b) absorbs 50% or more of the amount

of 365 nm wavelength light absorbed by the photosensitive resin composition,
[Chem. 1]]

Ri—S*—R; (R—YFX+F)
| m n
Rz

(bl) (b2)

wherein R, to R; each independently represent an organic group of 1 to 30 carbon
atoms; R, to R; represent structures containing at least two oxygen atoms and including
at least one organic group selected from a thioxanthone skeleton, a
9,10-dialkoxyanthracene skeleton, or an anthraquinone skeleton; X is selected from a
carbon atom, a nitrogen atom, a phosphorus atom, a boron atom, and an antimony
atom; Y is at least one selected from -S(=0),-, -CF,-O-, -CF,-C(=0)-, -CF,-C(=0)-0O-,
and -CF,-O-C(=0)-, or X and R, are directly bonded to each other; R, represents a hy-
drocarbon group of 1 to 30 carbon atoms, provided that when Y represents -S(=0),- or
a single bond, the hydrocarbon group represented by R, has at least one fluorine atom;
and when X represents a carbon atom, m and n represent integers that satisfy m+n=3
and n=0 to 2, when X represents a nitrogen atom, m and n represent integers that
satisfy m+n=2 and n=0 to 1, when X represents a phosphorus or antimony atom, m and
n represent integers that satisfy m+n=6 and n=0 to 6, or when X represents a boron
atom, m and n represent integers that satisfy m+n=4 and n=0 to 3.

According to an exemplary embodiment of the present invention, there is provided a
photosensitive resin composition with which a structure can be formed with high sen-
sitivity and high shaping accuracy using i-line photolithography.

Further features and aspects of the present invention will become apparent from the
following detailed description of exemplary embodiments with reference to the
attached drawings.

Brief Description of Drawings

The accompanying drawings, which are incorporated in and constitute a part of the
specification, illustrate exemplary embodiments, features, and aspects of the present
invention and, together with the description, serve to explain the principles of the
invention.

[fig.1]Fig. 1 is a diagram illustrating a mask for use in forming a model pattern in an
exemplary embodiment of the present invention.

[fig.2]Fig. 2 is a diagram illustrating an example of the structure of an inkjet recording



WO 2011/096195 PCT/JP2011/000549

[0013]

[0014]

[0015]

[0016]

head according to an exemplary embodiment of the present invention.

[fig.3]Fig. 3 is a diagram illustrating a structure having a plurality of energy generation
elements arranged at predetermined pitches on a substrate illustrated in Fig. 2.
[fig.4A]Fig. 4A is a cross-sectional view illustrating a process of manufacturing a
liquid discharge head according to an exemplary embodiment of the present invention.
[fig.4B]Fig. 4B is a cross-sectional view illustrating the process of manufacturing the
liquid discharge head according to an exemplary embodiment of the present invention.
[fig.4C]Fig. 4C is a cross-sectional view illustrating the process of manufacturing the
liquid discharge head according to an exemplary embodiment of the present invention.
[fig.4D]Fig. 4D is a cross-sectional view illustrating the process of manufacturing the
liquid discharge head according to an exemplary embodiment of the present invention.
[fig.4E]Fig. 4E is a cross-sectional view illustrating the process of manufacturing the
liquid discharge head according to an exemplary embodiment of the present invention.
[fig.4F]Fig. 4F is a cross-sectional view illustrating the process of manufacturing the
liquid discharge head according to an exemplary embodiment of the present invention.
Description of Embodiments

Various exemplary embodiments, features, and aspects of the invention will be
described in detail below with reference to the drawings.

<Photosensitive Resin Composition>

The photosensitive resin composition according to an exemplary embodiment of the
present invention is described in detail below.

<(a) Compound polymerizable in the presence of acid>

The photosensitive resin composition according to an exemplary embodiment of the
present invention contains a compound (component (a)) polymerizable in the presence
of an acid. The compound polymerizable in the presence of an acid may be any
cationically polymerizable compound such as an epoxy compound, an oxetane
compound, or a cationically polymerizable vinyl compound. For the formation of a
thick film using the photosensitive resin composition, an epoxy compound is preferred,
and a polyfunctional epoxy compound having two or more epoxy groups is preferred.
The number of functional groups in the polyfunctional epoxy compound is preferably
five or more.

Examples of the polyfunctional epoxy compound include a polyfunctional alicyclic
epoxy resin, a polyfunctional phenol novolac epoxy resin, a polyfunctional o-cresol
novolac epoxy resin, a polyfunctional triphenyl-type novolac epoxy resin, and a poly-
functional bisphenol-A novolac epoxy resin. In particular, a polyfunctional bisphenol-
A novolac epoxy resin or a polyfunctional alicyclic epoxy resin is preferred. Examples

of a commercially available polyfunctional epoxy compound include Epicoat 157570
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[0018]

[0019]

[0020]
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(trade name) manufactured by Japan Epoxy Resins Co., Ltd., EPICLON N-865 (trade
name) manufactured by DIC Corporation, and EHPE 3150 (trade name) manufactured
by DAICEL CHEMICAL INDUSTRIES, LTD.

The component (a) is preferably a solid at room temperature (24 degrees Celsius).
The softening point of the component (a) is preferably, but not limited to, 50 to 180
degrees Celsius, more preferably 60 to 160 degrees Celsius.

A single component (a) or two or more components (a) may be used alone or in com-
bination. The content of the component (a) in the photosensitive resin composition is
preferably from 60 to 99.9% by weight, more preferably from 80 to 99.9% by weight,
even more preferably from 85 to 99.2% by weight, based on the total solids of the pho-
tosensitive resin composition. The photosensitive resin composition having a
component (a) content in the above range can form a resist layer with high sensitivity
and suitable hardness when applied to a supporting material.

<(b) Photoacid generating agent>

The photosensitive resin composition according to an exemplary embodiment of the
present invention contains a photoacid generating agent (component (b)). The
photoacid generating agent (component (b)) includes an onium salt having the ability
to produce an acid upon exposure to i-line, specifically light at a wavelength of 365
nm, and having a cationic part structure represented by formula (b1) below and an

anionic part structure represented by formula (b2) below.

[Chem.2]
R1_?+——R3 ( R4—Y—):nX‘-(—‘F )n
R,
(bl) (b2)

An example of the component (b) including an onium salt having a cationic part
structure represented by formula (b1) and an anionic part structure represented by
formula (b2) is illustrated below.

[Chem.3]

S S CoFs
Lo ot
S Sf FsCy” l'_-\CzF 5

Example of formula (bl) Example of formula (b2)
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[0023]

[0024]

[0025]

[0026]

In formula (b1), R, to R; each independently represent an organic group of 1 to 30
carbon atoms, and R, to R; represent structures containing two or more oxygen atoms
and including at least one organic group selected from a thioxanthone skeleton, a
9,10-dialkoxyanthracene skeleton, or an anthraquinone skeleton. Since the photoacid
generating agent has the cationic part structure represented by formula (b1), the ab-
sorption wavelength shifts toward longer wavelengths, and the resulting photosensitive
resin composition can have photosensitivity to i-line.

Examples of the organic group represented by each of R; to R; include an alkyl group
of 1 to 30 carbon atoms, an alkenyl group of 2 to 30 carbon atoms, an alkynyl group of
2 to 30 carbon atoms, an aryl group of 6 to 30 carbon atoms, a heterocyclic group of 4
to 30 carbon atoms, the above groups in which at least one hydrogen atom is replaced
by a hydroxyl group, an amino group, a cyano group, a nitro group, or a halogen atom,
and the above groups in which an ether bond, a thioether bond, a carbonyl group, an
oxycarbonyl group, a thiocarbonyl group, a sulfinyl group, or a sulfonyl group is in-
terposed between carbon atoms to such an extent that the number of carbon atoms is
not more than 30. R, to Ry may be the same or different. Two or more of R, to R; may
be linked to form a ring structure.

In formula (b2), X is selected from a carbon atom, a nitrogen atom, a phosphorus
atom, a boron atom, and an antimony atom. Y is selected from -S(=0),-, -CF,-O-, -CF,
-C(=0)-, -CF,-C(=0)-0-, and -CF,-O-C(=0)-, or X and R, are directly bonded to each
other. R, represents a hydrocarbon group of 1 to 30 carbon atoms optionally sub-
stituted with a fluorine atom, and when Y represents -S(=0),- or a single bond, the hy-
drocarbon group represented by R, has at least one fluorine atom. When X represents a
carbon atom, m and n represent integers that satisfy m+n=3 and n=0 to 2. When X
represents a nitrogen atom, m and n represent integers that satisfy m+n=2 and n=0 to 1.
When X represents a phosphorus or antimony atom, m and n represent integers that
satisfy m+n=6 and n=0 to 6. When X represents a boron atom, m and n represent
integers that satisfy m+n=4 and n=0 to 3.

Since the photoacid generating agent has the anionic part structure represented by
formula (b2), the component (b) can be decomposed by i-line light irradiation so that
an acid can be produced from the structure represented by formula (b2). The produced
acid can act to initiate and facilitate the cationic polymerization reaction of the
component (a). The acid produced by the decomposition of the component (b) has such
a degree of acidity that the component (a) can be sufficiently cured. As used herein, the
expression "such a degree of acidity that the component (a) can be sufficiently cured"
means that the acid is a strong Lewis acid that is as strong as or stronger than hexafluo-
roantimonic acid, specifically a strong Lewis acid whose Hammett acidity function -

HO is 18 or more, or that the acid is a strong Broensted acid that is as strong as or
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stronger than nonafluorobutanesulfonic acid, specifically a strong Broensted acid
having a PKa of -3.57 or more.

[0027]  Preferred examples of the cationic part structure represented by formula (b1) include
(b1-1) to (b1-26) illustrated below, and preferred examples of the anionic part structure
represented by formula (b2) include (b2-1) to (b2-23) illustrated below.

[0028] [Chem.4]
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[0029] [Chem.5]
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[0032] A single component (b) or two or more components (b) may be used alone or in com-
bination. The content of the component (b) in the photosensitive resin composition is
preferably from 0.01 to 20 parts by weight, more preferably from 0.1 to 10 parts by
weight, based on the total solids of the photosensitive resin composition.

[0033]  In the photosensitive resin composition according to an exemplary embodiment of
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[0034]

[0035]

[0036]

the present invention, the amount of 365 nm wavelength light absorbed by the
component (b) makes up 50% or more of the amount of 365 nm wavelength light
absorbed by the photosensitive resin composition. This makes it possible to obtain high
photosensitivity and to perform patterning with a highly sensitive exposure. For a
further increase in sensitivity, the amount of 365 nm wavelength light absorbed by the
component (b) preferably makes up 80% or more of the amount of 365 nm wavelength
light absorbed by the photosensitive resin composition.

<(c) Compound capable of deactivating the component (b)-derived acid after
exposure to light>

The photosensitive resin composition according to an exemplary embodiment of the
present invention may further contain a compound (component (c)) capable of deac-
tivating the acid produced from the component (b). The compound capable of deac-
tivating the acid is typically a nitrogen atom-containing basic compound, while it is not
particularly restricted in terms of chemical structure. The nitrogen atom-containing
basic compound refers to a basic compound that contains a nitrogen atom and
expresses basic properties derived from the lone-pair electrons of the nitrogen atom.
For example, the component (c¢) can function to trap the acid produced from the
photoacid generating agent and to deactivate the acidity. This improves the resolution
of patterning by controlling the acid diffusion length in the step of diffusing the acid by
heating or deactivates a very small amount of the acid produced from the photoacid
generating agent or the like by a dark reaction during the storage of the photosensitive
resin composition solution, which brings about the advantage that the variations in the
sensitivity are suppressed during storage.

The nitrogen atom-containing basic compound as the component (c) is preferably,
but not limited to, a basic compound having two or more nitrogen atoms in different
chemical environments. In particular, the nitrogen atom-containing basic compound is
preferably a compound containing at least one substituted or unsubstituted amino
group and at least one nitrogen atom-containing ring structure, and such a compound
more preferably has at least one alkylamino group as the substituted amino group. The
nitrogen atom-containing basic compound may be an ionic compound such as a
tetraalkyl ammonium salt, or a nonionic compound.

Examples of the nitrogen atom-containing basic compound include guanidine,
pyridine, pyrrolidine, indazole, imidazole, pyrazole, pyrazine, pyrimidine, purine, imi-
dazoline, pyrazoline, piperazine, piperidine, and morpholine. These compounds may
have a substituent. Examples of the substituent 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.
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[0038]

[0039]

[0040]

[0041]
[0042]

Preferred examples of the nitrogen atom-containing basic compound include
guanidine, 1,1-dimethylguanidine, 1,1,3,3-tetramethylguanidine, 2-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,
2-aminopyrrolidine, 3-aminopyrrolidine, 1-(2-aminoethyl)pyrrolidine, piperazine, N-
(2-aminoethyl)piperazine, N-(2-aminoethyl)piperidine,
4-amino-2,2,6,6-tetramethylpiperidine, 4-piperidinopiperidine, 2-iminopiperidine,
pyrazole, 3-amino-5-methylpyrazole, 5-amino-3-methyl-1-p-tolylpyrazole, pyrazine,
2-(aminomethyl)-5-methylpyrazine, pyrimidine, 2,4-diaminopyrimidine,
4,6-dihydroxypyrimidine, 2-pyrazoline, 3-pyrazoline, N-aminomorpholine, and N-
(2-aminoethyl)morpholine.

A single component (c) or two or more components (c) may be used alone or in com-
bination. The content of the component (c) in the photosensitive resin composition is
preferably from 0.001 to 10 parts by weight, more preferably from 0.01 to 5 parts by
weight, based on the total solids of the photosensitive resin composition.

<(d) Low-molecular-weight compound containing two or more benzene rings or a
condensed ring in the molecule>

The photosensitive resin composition according to an exemplary embodiment of the
present invention may further contain a low-molecular-weight compound (component
(d)) containing two or more benzene rings or a condensed ring in the molecule. The
component (d) is a low-molecular-weight compound containing two or more benzene
rings or a condensed ring in the molecule, which preferably has such a molecular
weight that it is less volatile and remains in a sufficient amount in the formed film,
while it is not particularly restricted in terms of chemical structure, as long as it neither
corresponds to the component (b) nor to the component (c¢). The molecular weight of
the component (d) is preferably in the range of 100 to 1,100, more preferably in the
range of 200 to 900.

The component (d) may have the function of controlling the characteristics of the
formed film. For example, it may function to relax the internal stress generated as the
curing proceeds, to control the hydrophilicity or repellency of the formed film, or to
improve the coating surface profile.

Preferred examples of the component (d) include (d-1) to (d-7) illustrated below.
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[0043] A single component (d) or two or more components (d) may be used alone or in com-
bination. The content of the component (d) in the photosensitive resin composition is
preferably from 0.1 to 30 parts by weight, more preferably from 1 to 25 parts by
weight, based on the total solids of the photosensitive resin composition.

[0044]  The photosensitive resin composition according to an exemplary embodiment of the
present invention may be applied in various fields, examples of which include, but are
not limited to, semiconductor integrated circuit production, semiconductor exposure
mask production, and MEMS production. In particular, since the photosensitive resin
composition according to an exemplary embodiment of the present invention has a
high level of sensitivity and shaping accuracy, it can form sophisticatedly-shaped
discharge ports, when used in the production of a liquid discharge head in the field of
MEMS.

[0045]  The liquid discharge head according to an exemplary embodiment of the present
invention has a discharge port formed through a layer of the photosensitive resin com-
position. An example of the liquid discharge head may be, but not limited to, an inkjet
recording head having the structure illustrated in Fig. 2.

[0046]  The inkjet recording head illustrated in Fig. 2 includes a substrate 1 having a

plurality of energy generation elements 2 and an ink flow path forming layer 4 that is
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

provided on the substrate 1 and forms an ink flow path 3c for holding ink and ink
discharge ports 5 for discharging ink which communicate with the ink flow path 3c.
The substrate 1 also has an ink supply port 6 through which ink is supplied to the ink
flow path 3c. The liquid discharge head according to an exemplary embodiment of the
present invention and a method for manufacture thereof are described below with
reference to Fig. 2 and Figs. 4A to 4F illustrating A-B cross-sectional views of Fig. 3.
As illustrated in Figs. 3 and 4A, a plurality of energy generation elements 2 are placed
at predetermined pitches on the substrate 1, and the energy generation elements 2 are
each connected to a control signal input electrode (not illustrated) for turning on the
element.

The substrate 1 is preferably a silicon substrate. In particular, the substrate 1 is
preferably a single crystal silicon substrate. When through holes are formed in the
substrate 1 by anisotropic etching, the substrate 1 is preferably a single crystal silicon
substrate with a crystal orientation of [100]. When through holes are formed in the
substrate 1 by dry etching, sand blasting, or laser processing, the substrate 1 may be a
single crystal silicon substrate with a crystal orientation of [110].

The energy generation elements 2 may be of any type capable of applying energy to
ink so that ink droplets can be discharged from the ink discharge ports. For example,
when heat resistor elements are used as the energy generation elements 2, the heat
resistor elements heat the ink in the vicinity thereof to change the state of the ink, so
that energy for discharge is generated.

A soluble resin composition is applied to the substrate 1 to form an ink flow path
pattern layer 3a (Fig. 4B). A method of forming the ink flow path pattern layer 3a may
include dissolving a positive-type photosensitive resin in an appropriate solvent,
applying the solution to the substrate 1 by spin coating or any other method, and then
heating the coating to form the ink flow path pattern layer 3a. The thickness of the ink
flow path pattern layer 3a may be such that an ink flow path with the desired height
can be formed, which is preferably, but not limited to, 2 to 50 micrometers.

The ink flow path pattern layer 3 is then irradiated with radiation and developed, so
that an ink flow path pattern 3b is formed (Fig. 4C).

An ink flow path forming layer 4 is then formed on the ink flow path pattern 3b and
the substrate 1 using the photosensitive resin composition according to an exemplary
embodiment of the present invention. The thickness of the ink flow path forming layer
4 on the ink flow path pattern 3b is preferably 2 micrometers or more. The upper limit
of the thickness of the ink flow path forming layer 4 on the ink flow path pattern 3b is
preferably 100 micrometers or less, while it is not particularly restricted as long as it is
in the range where the developability for the ink discharge ports is not reduced.

Subsequently, the ink flow path forming layer 4 is irradiated with radiation, then
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[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

[0059]

developed with methyl isobutyl ketone (MIBK) or the like, and further subjected to a
rinse treatment with IPA or the like, so that ink discharge ports 5 are formed (Fig. 4D).
Subsequently, an ink supply port 6 is formed by an appropriate method such as etching
(Fig. 4E).

The ink flow path pattern 3b is then dissolved and removed using an appropriate
solvent (Fig. 4F). The solvent to be used may be an aqueous alkali solution or an
organic solvent.

Subsequently, the substrate 1 is cut and separated into chips using a dicing saw or
any other means, and electrical bonding is performed on each chip so that the energy
generation elements 2 can be driven. A chip tank component for ink supply is further
attached thereto, so that an inkjet recording head is completed.

It will be understood that the above method is useful not only as an inkjet recording
head manufacturing method but also as a hollow pattern forming method.

Examples of the present invention are described below, which are not intended to
limit the scope of the present invention.

<Examples 1 to 9 and Comparative Examples 1 to 4>

Photosensitive resin compositions each containing a polyfunctional epoxy resin (the
component (a)), a photoacid generating agent (the component (b)), a solvent, and op-
tionally the component (c), the component (d), and/or a sensitizer were prepared
according to the formulations (in units of parts by weight) illustrated in Table 1.
Concerning the component (b), Table 1 indicates the chemical formulae of the anionic
and cationic parts in the Components column. The solvent used was a mixed solvent of
propylene glycol monomethyl ether acetate and propylene carbonate (25:1 in weight
ratio), and 80 parts by weight of the solvent was added to 100 parts by weight of the
component (a).

Each of these photosensitive resin compositions was applied to a supporting material
of a silicon wafer using a spin coater and then dried by prebaking at 90 degrees Celsius
for 5 minutes, so that a photosensitive resin composition layer with a thickness of 20
micrometers was obtained. After the prebaking, the resin composition layer was
subjected to pattern exposure through a mask having the desired pattern using FPA-
300015+ (trade name of an i-line stepper manufactured by Cannon Inc.) and then
subjected to post-exposure baking at 90 degrees Celsius for 4 minutes using a hot
plate. Development was then performed using CDS-630+ (trade name, manufactured
by Cannon Inc.). After the development, the patterned resin on the substrate was
subjected to post baking at 140 degrees Celsius for 1 hour using an oven, so that a
cured resist pattern was obtained on the supporting material.

Comparative Examples 1 to 3 were performed using a photoacid generating agent

containing a sulfonium salt (b1-27) (as an alternative to the component (b)), which
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[0060]

[0061]

[0062]

[0063]

[0064]

does not contain an organic group selected from a thioxanthone skeleton, a
9,10-dialkoxyanthracene skeleton, or an anthraquinone skeleton and in which all the
constituent atoms for R, to R; contain only one oxygen atom. Comparative Example 4
was performed using a photoacid generating agent containing a sulfonium salt (b1-28)
(as an alternative to the component (b)), which does not contain an organic group
selected from a thioxanthone skeleton, a 9,10-dialkoxyanthracene skeleton, or an an-
thraquinone skeleton and in which all the constituent atoms for R; to R; contain no
oxygen atom.

<Evaluation>

(Sensitivity)

Using the mask illustrated in Fig. 1, a negative-type resist pattern was formed by
transferring a model pattern having an elliptic nozzle port pattern with a design size of
20 micrometers (major axis) * 16 micrometers (minor axis) and a bridge line pattern
(represented by ¢ in Fig. 1) with a width of 3 micrometers across the ellipse along the
minor axis. When this pattern was formed, i-line exposure was performed with the
amount of light exposure gradually changed in the range of 500 to 20,000 J/m?2, and the
amount of light exposure required to form the pattern with the design size was de-
termined.

(Shaping Accuracy)

The part at which the bridge line pattern intersects with the ellipse was observed
using a scanning electron microscope (SEM), when the resolution was determined. A
virtual straight line was drawn from an end (represented by a in Fig. 1) of the crescent
shape, which will be formed if the resist pattern is formed according to the design of
the mask pattern, along the edge of the bridge line pattern. The shaping accuracy (in
units of micrometers) was defined as the length (represented by b in Fig. 1) of the
virtual straight line drawn to the point where it intersects with the actually developed
pattern. If the actually developed pattern reaches the end (a in Fig. 1) of the crescent
shape, the shaping accuracy will be 0 micrometer, which means that the pattern
accords with the design size. However, as the shaping accuracy degrades, the cured
material remains at the end (a in Fig. 1) of the crescent shape. Thus, the shaping
accuracy value is determined by how much the cured material spreads.

(Absorption ratio)

For absorbance evaluation, two compositions were first prepared as described below.

<Composition 1>

The photosensitive resin composition obtained as described above.

<Composition 2>

A photosensitive resin composition was obtained by the same method as described

above, except that the component (b) was not added.
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[0065]  Next, the compositions 1 and 2 were each applied to a supporting material of quartz
glass using a spin coater and then dried by prebaking at 90 degrees Celsius for 5
minutes, so that resin composition layers 1 and 2 with a thickness of about 20 mi-
crometers were each obtained. The absorbance (in units of Abs) of each of the resin
composition layers 1 and 2 was measured at a wavelength of 365 nm using a spec-
trophotometer Model U-3300 (trade name, manufactured by Hitachi Ltd.). The
thickness of each of the resin composition layers 1 and 2 was also measured (in units
of micrometers). The ratio of the amount of 365 nm wavelength light absorbed by the
component (b) to the amount of 365 nm wavelength light absorbed by the photo-
sensitive resin composition was calculated from the measurement results according to
the formula below. The calculated value is called the absorption ratio (in units of %).

[0066]  <Calculation Formula>

Absorption ratio = {[(the absorbance of the resin composition layer 1/the thickness of
the resin composition layer 1) - (the absorbance of the resin composition layer 2/the
thickness of the resin composition layer 2)] / (the absorbance of the resin composition
layer 1/the thickness of the resin composition layer 1)} * 100

[0067] The results are summarized in Table 1.

[0068]
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[Table 1]
Table 1
Components Examples
1 2 3
Component a-1 100 - -
(a) a-2 - 100 100
a-3 - - -
Component | bl-1/b2~12 5 5 -
(b) bl1-2/b2-11 - - 5
bl-18/b2-1 - - -
bl-16/b2-2 - - -
bl-14/b2-22 - - -
bl1-27/b2-23 - - -
bl1-28/b2-1 - - -
Component c-1 0.25 - 0.25
(c)

Component d-1 10 10 10

(d)

Sensitizer e-1 - - -
Absorption ratio (%) 85 82 83
Light exposure amount 3500 1000 4000

(J/m?)
Shaping accuracy < 0.5 2.0 < 0.5
(micrometer)

[0069]
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[Table 2]
Components Examples
4 5 6
Component a-1 100 100 -
{a) a-2 - - 100
a-3 - - -
Component | bl-1/b2-12 - - -
(b) bl-2/b2-11 - - -
bl-18/b2-1 5 - -
bl-16/b2-2 - 5 -
bl-14/b2-22 - - 5
bl-27/b2-23 - - -
bl-28/b2-1 - - -
Component c-1 0.25 0.25 0.25
(c)
Component d-1 10 10 10
(d)

Sensitizer e-1 - - -
Absorption ratio (%) 85 86 82
Light exposure amount 3500 3500 4000

(J/m?)
Shaping accuracy < 0.5 < 0.5 < 0.5
(micrometer)

[0070]
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[Table 3]

Components Examples

7 8 9

Component a-1 - - -

(a) a-2 - - -

a-3 100 100 100

Component | bl-1/b2-12 5 5 2.5

(b) bl-2/b2-11 - - -

bl-18/b2-1 - - -

bl-16/b2-2 - - -

bl-14/b2-22 - - -

bl1-27/b2-23 - - -

bl-28/b2-1 - - -

Component c-1 0.25 0.25 0.25

(c)
Component d-1 20 20 -
(d)

Sensitizer e-1 - 0.10 0.20
Absorption ratio (%) 96 78 52
Light exposure amount 3000 2500 2500

(J/m?)
Shaping accuracy < 0.5 1.5 1.8
(micrometer)

[0071]
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[Table 4]
Components Comparative Examples
1 2 3 4
Component a-1 100 100 - -
(a) a-2 - - 100 100
a-3
Component | bl-1/b2-12 - - - -
(b) bl-2/b2-11 - - - -
bl-18/b2-1 - - - -
bl-16/b2-2 - - - -
bl-14/b2-22 - - - -
bl-27/b2-23 5 5 5 -
b1-28/b2-1 - - - 5
Component c-1 0.25 - 0.25 -
(c)
Component d-1 10 10 10 -
(d)
Sensitizer e-1 - - 0.32 1
Absorption ratio (%) 86 85 48 1
Light exposure amount 11000 4000 8000 4000
(J/m%)
Shaping accuracy 2.5 3.0 3.5 4.0
(micrometer)

[0072]

(a-1): EPICLON N-865 (trade name, manufactured by DIC Corporation) with an
epoxy equivalent of 210 and a softening point of 68 degrees Celsius

(a-2): JER157S70 (trade name, manufactured by Japan Epoxy Resins Co., Ltd.) with
an epoxy equivalent of 210 and a softening point of 70 degrees Celsius

(a-3): EHPE 3150 (trade name, manufactured by DAICEL CHEMICAL IN-
DUSTRIES, LTD) with an epoxy equivalent of 180 and a softening point of 85

degrees Celsius
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(b1-27):
[0073] [Chem.9]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

F

@g

F

(b1-28): triphenylsulfonium

(c-1): 4-aminoethylpyridine

(d-1): 1-naphthol

In Examples 1 to 9, the model pattern for a droplet discharge port was successfully
formed with a small amount of light exposure of 4,000 J/m? or less. At this time, the
shaping accuracy was as fine as 2.0 micrometers or less.

In contrast, when the cationic part structure represented by formula (b1) contained
only one oxygen atom or no oxygen atom as in Comparative Examples 1 to 4, high
sensitivity, specifically, both a small amount of light exposure and fine shaping
accuracy were not satisfied. When the rate of the absorption of exposure light by the
component (b) is low as in Comparative Examples 3 and 4, specifically, when the ab-
sorption ratio is less than 50%, a reduction in the shaping accuracy was observed.

As described above, patterning with high sensitivity and high shaping accuracy can
be performed using the photosensitive resin composition according to an exemplary
embodiment of the present invention. Therefore, the photosensitive resin composition
according to an exemplary embodiment of the present invention is suitable for use in
the production of various micro-fabricated devices for MEMS and other systems.

While the present invention has been described with reference to exemplary em-
bodiments, 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 modifications, equivalent structures, and
functions.

This application claims priority from Japanese Patent Application No. 2010-024681
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) a compound polymerizable in the presence of an acid; and

(b) a photoacid generating agent comprising an onium salt having a
cationic part structure represented by formula (b1) below and an
anionic part structure represented by formula (b2) below,

wherein the component (b) absorbs at least 50% of the amount of 365
nm wavelength light absorbed by the photosensitive resin composition,
[Chem.1]

Ry (Revixkr),
m
Rz
(bl) (b2)

wherein R, to R; each independently represent an organic group of 1 to
30 carbon atoms, R, to R; represent structures containing at least two
oxygen atoms and comprising at least one organic group selected from
a thioxanthone skeleton, a 9,10-dialkoxyanthracene skeleton, or an an-
thraquinone skeleton, X is selected from a carbon atom, a nitrogen
atom, a phosphorus atom, a boron atom, and an antimony atom, Y is at
least one selected from -S(=0),-, -CF,-O-, -CF,-C(=0)-, -CF, -
C(=0)-0O-, and -CF,-O-C(=0)-, or X and R, are directly bonded to each
other, R, represents a hydrocarbon group of 1 to 30 carbon atoms,
provided that when Y represents -S(=0),- or a single bond, the hy-
drocarbon group represented by R, has at least one fluorine atom, and
when X represents a carbon atom, m and n represent integers that
satisfy m+n=3 and n=0 to 2, when X represents a nitrogen atom, m and
n represent integers that satisfy m+n=2 and n=0 to 1, when X
represents a phosphorus or antimony atom, m and n represent integers
that satisfy m+n=6 and n=0 to 6, or when X represents a boron atom, m
and n represent integers that satisfy m+n=4 and n=0 to 3.

The photosensitive resin composition according to claim 1, wherein X
in the component (b) represents a phosphorous atom.

The photosensitive resin composition according to claim 2, wherein the
structures of the component (b) represented by R, to Ry comprise at
least two thioxanthone skeletons, Y represents a single bond, R4
represents CF; or C,Fs, and m is at least 3.

The photosensitive resin composition according to claim 1, further

comprising (¢) a compound capable of deactivating an acid produced
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from the component (b) after exposure to light.

The photosensitive resin composition according to claim 1, further
comprising (d) a low-molecular-weight compound containing two or
more benzene rings or a condensed ring in its molecule.

A method for producing a structure, the method comprising in this
order:

providing a substrate provided with a layer of a photosensitive resin
composition for forming a structure, the photosensitive resin com-
position comprising:

(a) a compound polymerizable in the presence of an acid; and

(b) a photoacid generating agent comprising an onium salt having a
cationic part structure represented by formula (b1) below and an
anionic part structure represented by formula (b2) below,

wherein the component (b) absorbs at least 50% of the amount of 365
nm wavelength light absorbed by the photosensitive resin composition,
[Chem.2]

R1_?+-_R3 ( Re—YFX{—F) ]
m
R2
(bl) (b2)

wherein R, to R; each independently represent an organic group of 1 to
30 carbon atoms, R, to R; represent structures containing at least two
oxygen atoms and comprising at least one organic group selected from
a thioxanthone skeleton, a 9,10-dialkoxyanthracene skeleton, or an an-
thraquinone skeleton, X is selected from a carbon atom, a nitrogen
atom, a phosphorus atom, a boron atom, and an antimony atom, Y is at
least one selected from -S(=0),-, -CF,-O-, -CF,-C(=0)-, -CF, -
C(=0)-0O-, and -CF,-O-C(=0)-, or X and R, are directly bonded to each
other, R, represents a hydrocarbon group of 1 to 30 carbon atoms,
provided that when Y represents -S(=0),- or a single bond, the hy-
drocarbon group represented by R4 has at least one fluorine atom, and
when X represents a carbon atom, m and n represent integers that
satisfy m+n=3 and n=0 to 2, when X represents a nitrogen atom, m and
n represent integers that satisfy m+n=2 and n=0 to 1, when X
represents a phosphorus or antimony atom, m and n represent integers
that satisfy m+n=6 and n=0 to 6, or when X represents a boron atom, m
and n represent integers that satisfy m+n=4 and n=0 to 3;

exposing the layer to light, then curing the exposed part and removing
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the uncured part; and

heating the cured part at a temperature of at least 140 degrees Celsius to
form a structure.

A liquid discharge head comprising:

a discharge port member having a discharge port configured to
discharge a liquid,

wherein the discharge port member is made of a product of curing of a
photosensitive resin composition comprising:

(a) a compound polymerizable in the presence of an acid; and

(b) a photoacid generating agent comprising an onium salt having a
cationic part structure represented by formula (b1) below and an
anionic part structure represented by formula (b2) below,

wherein the component (b) absorbs at least 50% of the amount of 365

nm wavelength light absorbed by the photosensitive resin composition,
[Chem.3]

Ri—S*—R —Y3x
S 3 ( Ry Ya;x +F )n
Rz
(b1) (b2)

wherein R, to R; each independently represent an organic group of 1 to
30 carbon atoms, R, to R; represent structures containing at least two
oxygen atoms and comprising at least one organic group selected from
a thioxanthone skeleton, a 9,10-dialkoxyanthracene skeleton, or an an-
thraquinone skeleton, X is selected from a carbon atom, a nitrogen
atom, a phosphorus atom, a boron atom, and an antimony atom, Y is at
least one selected from -S(=0),-, -CF,-O-, -CF,-C(=0)-, -CF, -
C(=0)-0O-, and -CF,-O-C(=0)-, or X and R, are directly bonded to each
other, R, represents a hydrocarbon group of 1 to 30 carbon atoms,
provided that when Y represents -S(=0),- or a single bond, the hy-
drocarbon group represented by R4 has at least one fluorine atom, and
when X represents a carbon atom, m and n represent integers that
satisfy m+n=3 and n=0 to 2, when X represents a nitrogen atom, m and
n represent integers that satisfy m+n=2 and n=0 to 1, when X
represents a phosphorus or antimony atom, m and n represent integers
that satisfy m+n=6 and n=0 to 6, or when X represents a boron atom, m

and n represent integers that satisfy m+n=4 and n=0 to 3.
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[Fig. 1]
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[Fig. 2]
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[Fig. 4A]
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[Fig. 4D]
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[Fig. 4E]

8/9

PCT/JP2011/000549

=

e O

v

N\
7

|-3b

[N

N

(™2

=

O —



9/9

WO 2011/096195

[Fig. 4F]

PCT/JP2011/000549

-
A\_/U.I

N DN

//////
77

3¢

WA

2

S



INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2011/000549

A.  CLASSIFICATION OF SUBJECT MATTER

Int.Cl. GO3F7/004(2006.01)i, BO5C5/00(2006.01)1, B41J2/05(2006.01)1,
CO9K3/00(2006.01)1

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

Int.Cl. GO3F7/004, B05C5/00, B41J2/05, CO09K3/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Published examined utility model applications of Japan 1922-199c
Published unexamined utility model applications of Japan 1971-2011
Registered utility model specifications of Japan 1996-2011
Published registered utility model applications of Japan 1994-2011

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

CAplus (STN)REGISTRY (STN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

P, X WO 2010/143560 Al (Sanyo Chemical Industries, |1-3, 5
Ltd.) 2010.12.16, claims, example 27 (No Family)

X JP 2009-269849 A (San-Apro Ltd.) 2009.11.19, [(1-3, 5-¢
Y claims, examples & WO 2009/136482 Al & US |4, 7
2011/0039205 A1l & EP 2284165 A1 & KR 2011-020767
Al
X JP 2006-241384 A (Fuji Photo Film Co., Ltd.) |1-2, 5

2006.09.14, claims, [0027], [0203] (No Family)

W Further documents are listed in the continuation of Box C. {7 See patent family annex.

* Special categories of cited documents: «1” later document published after the international filing date or

“A” document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” ecalier application or patent but published on or after the inter- “X” document of particular relevance; the claimed invention cannot

.., nhational filing date o . . be considered novel or cannot be considered to involve an
L” document which may throw doubts on priority claim(s) or which inventive step when the document is taken alone

is cited to establish the publication date of another citation or other ) ) ] )

special reason (as specified) ¢ document of particular relevance; the claimed invention cannot
“0” document referring to an oral disclosure, use, exhibition or other be considered to involve an inventive step when the document is

means combined with one or more other such documents, such
combination being obvious to a person skilled in the art

vy

“P” document published prior to the international filing date but later
than the priority date claimed “&” document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
15.03.2011 29.03.2011
Name and mailing address of the ISA/JP Authorized officer 21ul4006
Japan Patent Office Naoya ISHIZUKI
3-4-3, Kasumigaseki, Chiyoda-ku, Tokyo 100-8915, Japan | Telephone No. +81-3-3581-1101 Ext. 3231




INTERNATIONAL SEARCH REPORT

International application No.

PCT/JP2011/000549

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X JP 2005-187799 A (National Starch and Chemical |1, 5
Tnvestment Holding Corporation) 2005.07.14,
claims, examples & US 2005/0095528 A1 &§ EP 1538149
A2 § EP 2112146 A1 & EP 2112147 A1 &« DE 602004026022
D& KR10-2005-0043648 A & CN 1637052 A & AT 461185
T
X JP 10-212286 A (Nippon Kayaku Co., Ltd.) [1-2, 5-06
Y 1998.08.11, claims, examples, [0030] (No Family) ;7
X JP 10-007680 A (Nippon Kayaku Co., Ltd.) |1, 5-6
Y 1998.01.13, claims, examples, [0037] & US 6054501 ;7
A & EP 844255 Al & WO 1997/047660 A1 & TW 406089
B & CN 1195356 A
X JP 08-157510 A (Nippon Kayaku Co., Ltd.) [1-2, 5-0
Y 1996.06.18, claims, examples, [0032], [0033] (No |4, 7
Family)
X JP 51-056885 A (Imperial Chemical Industries |1, 5-6
Y Ltd.) 1976.05.18, claims, examples, Lines 7-12 , 7
in column 21 & GB 1526923 A & DE 2541709 A & FR
2285423 A & BE 833472 A & BE 833472 A1 & NL 7510920
A & NZ 178699 A & AU 8489975 A & SE 425399 B &
DK 415875 A & IE 42085B & IT 1042624 B & 2A 7505948
A
Y Jp 2008-173971 A (CANON KABUSHIKI KAISHA) |4, 7

2008.07.31, claims & US 2008/0292993 Al




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - wo-search-report
	Page 37 - wo-search-report

