wo 2012/172744 A1 [N 000 00O 0O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

20 December 2012 (20.12.2012)

WIPOIPCT

(10) International Publication Number

WO 2012/172744 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

International Patent Classification:
B41J 2/05 (2006.01) B41J 2/135 (2006.01)

International Application Number:
PCT/JP2012/003621

International Filing Date:

31 May 2012 (31.05.2012)
Filing Language: English
Publication Language: English
Priority Data:
2011-131155 13 June 2011 (13.06.2011) JP

Applicant (for all designated States except US): CANON
KABUSHIKI KAISHA [JP/JP]; 30-2, Shimomaruko 3-
chome, Ohta-ku, Tokyo, 1468501 (JP).

Inventors; and

Inventors/Applicants (for US ornly): TAKEI, Yasunori
[JP/JP]; c/o CANON KABUSHIKI KAISHA, 30-2,
Shimomaruko 3-chome, Ohta-ku, Tokyo, 1468501 (JP).
YABE, Kenji [JP/IP]; ¢/o CANON KABUSHIKI KAIS-
HA, 30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo,
1468501 (JP). KODOI, Takuma [JP/JP]; c/o CANON
KABUSHIKI KAISHA, 30-2, Shimomaruko 3-chome,
Ohta-ku, Tokyo, 1468501 (JP). IKEGAME, Ken [JP/JP];
c¢/o CANON KABUSHIKI KAISHA, 30-2, Shimomaruko

(74

(8D

(84)

3-chome, Ohta-ku, Tokyo, 1468501 (JP). HORIUCHLI, Is-
amu [JP/JP]; ¢/o CANON KABUSHIKI KAISHA, 30-2,
Shimomaruko 3-chome, Ohta-ku, Tokyo, 1468501 (JP).
TAKAHASHI, Hyo [JP/JP]; ¢/o CANON KABUSHIKI
KAISHA, 30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo,
1468501 (JP).

Agent: TANI & ABE, p.c.; 6-20, Akasaka 2-chome, Min-
ato-ku, Tokyo, 1070052 (JP).

Designated States (uniess 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, QA, RO, RS, RU, RW, 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 (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,

[Continued on next page]

(54) Title: PRINT HEAD AND INKJET PRINTING APPARATUS

[Fig. 3B]

| i N
b

(57) Abstract: A print head includes an energy
generating element, a chamber for accommodat-
ing liquid, and an ejection opening for ejecting li-
quid from the chamber, thus applying the energy
to the liquid in the chamber from the energy gen-
erating element to eject the liquid from the ejec-
tion opening, wherein the ejection opening in-
cludes at least two projections convex to an inside
of the ejection opening in a cross section perpen-
dicular to a liquid ejecting direction and has a
tapered angle ® 1 in regard to the liquid ejecting
direction, enabling a meniscus of the liquid to be
formed therebetween at the liquid ejecting time,
and an outer edge portion has a tapered angle ® 2
in regard to the liquid ejecting direction, wherein
the tapered angles ® 1 and ® 2 are defined to
meet a formula of 0° < ® 1< 10° and a formula of
02>01.



wO 2012/172744 A1 W00V 0 0 O

MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL SK, Published:
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,

GW, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



WO 2012/172744 PCT/JP2012/003621

Description

Title of Invention: PRINT HEAD AND INKJET PRINTING

[0001]

[0002]

[0003]

[0004]

[0005]

[0006]

APPARATUS
Technical Field

The present invention relates to a print head which ejects a liquid of ink or the like on
various types of medium for printing, and an inkjet printing apparatus using the print
head.

Background Art

As to a method of ejecting a liquid of ink or the like, there is known a method of con-
trolling an ejection energy generating element of a thermoelectric conversion element
(heater) or the like by an electrical signal to eject liquid drops from an ejection opening
of a print head.

In response to a recent demand for printing with high quality, the downsizing of the
liquid drop ejected from the print head has been made. Due to the small-sized liquid
drop, there is a tendency that an influence of a phenomenon where liquid drops ejected
from the print head are divided into liquid drops (hereinafter, called main drops) which
should be originally used for printing and side minuscule liquid drops (hereinafter,
called satellites) is noticeable. For example, there are some cases where degradation of
image quality is caused by the event that the satellite lands on a print medium. Further,
the satellite loses its speed before reaching the print medium to be formed as floating
liquid drops (hereinafter, called mists), possibly causing contamination of the printing
apparatus or the print medium.

For a reduction of the satellite, for example, as described in PTL 1, it is known to
shorten a length of an ink tail in the ejected liquid drop. PTL 1 discloses a technology
that an ejection opening is formed in a non-circular shape, for example, in a sand clock
shape to partially reduce a dimension of an opening part of the ejection opening,
whereby meniscus forces are increased, which reduces stir of a liquid surface from the

ejection opening to shorten the ink tail.
Citation List

Patent Literature

PTL 1: Japanese Patent Laid-Open No. H10-235874(1998)
Summary of Invention

PTL 1 discloses the technology that the dimension of the opening part of the ejection
opening is partially reduced for the satellite reduction. However, the construction in
PTL 1 assumes the ejection opening having a larger dimension than the ejection

opening used in the recent print head for high image quality. In addition, PTL 1 does
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[0007]

[0008]

[0009]

[0010]

[0011]

not refer to an ejection defect at a printing start and has no descriptions of the im-
provement. That is, factors causing the ejection defect of the liquid at the printing start
include the event that the liquid in the ejection opening is vaporized while the printing
is stopped, to increase the viscosity, which makes the liquid difficult to be ejected. As
in the case of PTL 1, even in the construction where the dimension of the opening part
in the ejection opening is partially reduced, there are some cases where the ejection
defect of the liquid at the printing start is generated depending on the configuration in
the ejection opening.

An object of the present invention is to provide a print head which is provided with
ejection openings for achieving both of a reduction of phenomena of satellites and
mists and an improvement on an ejection defect at a printing start and is capable of
printing with high quality, and an inkjet printing apparatus provided with the print
head.

For solving the above problem, a print head according to the present invention
comprises, an energy generating element, a chamber for accommodating liquid to which
energy is applied from the energy generating element, and an ejection opening for
ejecting the liquid from the chamber to an outside, thus applying the energy to the liquid
in the chamber from the energy generating element to eject the liquid from the ejection
opening,

wherein the ejection opening includes:

at least two projections each of which is convex to an inside of the ejection opening in a
cross section perpendicular to a direction of ejecting the liquid and has a tapered angle
®1 in regard to the direction of ejecting the liquid, enabling a meniscus of the liquid to
be formed therebetween at the time of ejecting the liquid from the ejection opening; and
an outer edge portion which is a section of the ejection opening different from the at
least two projections and has a tapered angle ® 2 in regard to the direction of ejecting
the liquid,

wherein the tapered angle ®1 and the tapered angle ® 2 are defined to meet a f
ormula of 0° £ ®1< 10° and a formula of ® 2 > ©®1.

The print head according to the present invention includes the ejection opening
which is sized to be larger from an outlet side toward an inside of the print head and
has the projections capable of holding a surface of the meniscus of the liquid formed
inside of the ejection opening in the liquid ejecting process, in the vicinity of the outlet
in the ejection opening. The print head according to the present invention with such a
construction can shorten a length of the ink tail in the liquid drop ejected, thus reducing
the satellite and mist, and on the other hand, provide ejection stability at a printing
start.

Further features of the present invention will become apparent from the following de-

scription of exemplary embodiments (with reference to the attached drawings).
Brief Description of Drawings

[fig.1]Fig. 1 is a schematic perspective view of a print head according to an em-
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bodiment in the present invention;

[fig.2]Fig. 2 is a cross section of the print head taken along line II - II' in Fig. 1;
[fig.3A]Fig. 3A is a front view of an ejection opening of the print head according to a
first embodiment;

[fig.3B]Fig. 3B is a cross section of the ejection opening in the print head taken along
line IIIB - IIIB" in Fig. 3A;

[fig.4A]Fig. 4A is a front view of an ejection opening in a print head according to a
comparative example;

[fig.4B]Fig. 4B is a cross section of the ejection opening in the print head taken along
line IVB - IVB'in Fig. 4A;

[fig.5A]Fig. 5A is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5B]Fig. 5B is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5C]Fig. 5C is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5D]Fig. 5D is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5E]Fig. SE is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5F]Fig. 5F is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5G]Fig. 5G is a diagram showing the ink ejection process of the print head
according to the first embodiment;

[fig.5AR]Fig. SAR is a diagram showing the ink ejection process of the print head
according to the comparative example;

[fig.5BR]Fig. 5BR is a diagram showing the ink ejection process of the print head
according to the comparative example;

[fig.5CR]Fig. 5CR is a diagram showing the ink ejection process of the print head
according to the comparative example;

[fig.5DR]Fig. SDR is a diagram showing the ink ejection process of the print head
according to the comparative example;

[fig.5ER]Fig. SER is a diagram showing the ink ejection process of the print head
according to the comparative example;

[fig.5FR]Fig. SFR is a diagram showing the ink ejection process of the print head
according to the comparative example;

[fig.5GR]Fig. S5GR is a diagram showing the ink ejection process of the print head

according to the comparative example;
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[fig.6A]Fig. 6A is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6B]Fig. 6B is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6C]Fig. 6C is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6D]Fig. 6D is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6E]Fig. 6E is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6F]Fig. 6F is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6G]Fig. 6G is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.6H]Fig. 6H is a diagram showing a method of forming the ejection opening in the
print head according to the first embodiment;
[fig.7]Fig. 7 is a concept diagram of incident light at an ejection opening exposure time
in the manufacture of the print head according to the first embodiment;
[fig.8A]Fig. 8A is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment;
[fig.8B]Fig. 8B is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment;
[fig.8C]Fig. 8C is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment;
[fig.8D]Fig. 8D is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment;
[fig.8E]Fig. 8E is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment;
[fig.8F]Fig. 8F is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment;
[fig.8G]Fig. 8G is a diagram showing a method of forming an ejection opening in a
print head according to a second embodiment; and
[fig.9]Fig. 9 is a schematic perspective view of an inkjet printing apparatus according
to a third embodiment.
Description of Embodiments

[0012]  Aninkjet print head according to an embodiment in the present invention and an

inkjet printing apparatus using the print head will be explained with reference to the
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drawings.
[0013] Fig. 1 is a schematic perspective view of a print head according to an embodiment

[0014]

[0015]

[0016]

in the present invention. Fig. 2 is a cross section of the print head taken along
line I — II’ in Fig. 1.

By referring to Fig. 1, the print head includes a substrate 34, a flow passage forming
portion 4 provided on one surface of the substrate 34, and an ejection opening plate 8
jointed onto the flow passage forming portion 4. Thermoelectric conversion elements 1
as ejection energy generating elements acting on ink ejection and ink supply ports 3 as
elongated, rectangular openings are formed on the one surface of the substrate 34. The
thermoelectric conversion elements 1 are arranged to form one row in the longitudinal
direction in each of both sides of the ink supply port 3, preferably in a zigzag manner
and with an interval between the thermoelectric conversion elements 1 being equal to a
pitch of 600dpi. Ejection openings 2 penetrating through the ejection opening plate 8
are provided in the ejection opening plate 8 to correspond to the thermoelectric
conversion elements 1. The substrate 34 is further provided with groove-shaped ink
supply chambers 10 each communicated with the ink supply port 3 and having an
opening on a surface of the substrate 34 opposite to the surface on which the thermo-
electric conversion elements 1 are formed.

By referring to Fig. 2, the substrate 34 forms liquid flow passages 7 and bubble
releasing chambers 5 together with the flow passage forming portion 4 and the ejection
opening plate 8. The bubble releasing chamber 5 is provided on the thermoelectric
conversion element 1 and the liquid flow passage 7 is formed to lead ink introduced
via the ink supply port 3 from the ink supply chamber 10 to the bubble releasing
chamber 5. The ejection opening 2 provided to penetrate through the ejection opening
plate 8 is a tubular opening for establishing communication between the bubble
releasing chamber 5 and an outside. When the energy is applied to the ink ac-
commodated in the bubble releasing chamber 5 from the thermoelectric conversion
element 1, ink drops are ejected from the ejection opening 2.

In the present embodiment, a silicon substrate is used as the substrate 34, but a
material of the substrate 34 is not particularly limited as long as the substrate 34 can
function as a support body of ejection energy generating means (thermoelectric
conversion element 1), a material layer (flow passage forming portion 4) forming the
liquid flow passage, and the like. In the present embodiment, the ejection opening plate
8 and the flow passage forming portion 4 are made of the same material, but the
similar effect can be obtained even if made of different materials. In addition, the ther-
moelectric conversion element (heater) is used as the energy generating element used
for ejecting liquid drops, but, not limited thereto, an element capable of controlling

ejection of liquid drops by an electrical signal, such as a piezo element, may be used.
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[0017]

[0018]

[0019]

[0020]

[0021]

[0022]

[0023]

(First Embodiment)
A first embodiment in the present invention will be shown as follows.

Fig. 3A 1s a front view of the ejection opening in the ejection opening plate 8 in
the print head according to the present embodiment. Fig. 3B is a cross section

of the ejection opening in the print head taken along line IIB — IIIB’ in Fig. 3
A.

By referring to Fig. 3A, the ejection opening 2 of the print head in the first emb
odiment has two opposing projections convex toward an inside of the ejection ope
ning and an arc portion connecting the two projections, which is a so—called “eje
ction opening with projections”. The line IIIB- IHIB’ is drawn to pass front end

portions N and N2 of the two projections an interval of which is the shortest.

In a cross section in Fig. 3B, the front end portion of the projection in the eject
ion opening 2 of the print head in the first embodiment extends to draw a substa
ntially perpendicular line to the upper surface of the ejection opening plate 8 in t
he thickness direction of the ejection opening plate 8 (refer to line N — N’). Sin
ce the perpendicular line to the upper surface of the ejection opening plate 8 is i
n parallel with an ejection direction at the time of ejecting liquids from the ejecti
on opening, a configuration of such a projection is called “a parallel configuration
” hereinafter. A tapered angle {®1) relating to the liquid ejection direction whic
h the projection of the parallel configuration in the present invention can have wi
Il be described later. On the other hand, a section of the ejection opening 2 (h
ereinafter, called an outer edge portion) different from the part of the projection

is formed in a tapered shape in such a manner that the outer edge portion is the
wider as it is closer to the bubble releasing chamber 5 in the thickness directio
n of the ejection opening plate 8. Therefore the ejection opening 2 is formed in
a circular truncated core as a whole. Hereinafter, this configuration of the oute
r edge portion is called “a tapered configuration”. A tapered angle (®2) relating
to the liquid ejection direction which the outer edge portion of the tapered confi
guration in the present invention can have will be described later.

In the present embodiment, the outer surface of the ejection opening plate 8 corre-
sponding to the upper surface of the ejection opening 2 is recessed in a concave shape,
but since this recess is extremely small, an influence of the recess on ejection per-
formance of the ejection opening can be ignored. The recess in the concave shape is
formed in relation to a manufacturing method of the print head to be described later,
and is not a necessary element in view of the effect in the present invention.

(Ejection Stability at Printing Start)

Tests in regard to the ejection stability of the ejection opening in the print head in the

present embodiment at a printing start were made.
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By referring to Fig. 3A and Fig. 3B, in the ejection opening with the projections

according to the present embodiment, the projection has the parallel configuration and

the outer edge portion has the tapered configuration.

In detail, in regard to the

ejection opening with the projections in the embodiment, the tapered angle ®1

of the projection was defined as 0° and the tapered angle &2 of the outer edge

portion was defined as 10°.

By referring to Fig. 4A and Fig. 4B, an ejection

opening with projections in which the projection and the outer edge portion

both have the parallel configuration was adopted as a comparative example.
In other words, in regard to the ejection opening with the projections in the comparative

example, the projection and the outer edge portion both have
the parallel configuration and the tapered angle ®1 of the projection

was defined as (° and the tapered angle ®2 of the outer edge portion was
defined as 0°. That is, the ejection opening with the projections in the
present embodiment is in common with the comparative example in a point

where the projection has the parallel configuration and is different from the comparative

example in a point where the outer edge portion has the tapered configuration.

Table 1 relates to evaluations of ejection stability at a printing start and shows a

result where printing starts immediately after a predetermined printing stop time

elapses, to measure whether or not ink is ejected normally. The used inks were three

colors of cyan, magenta, and yellow. For easy determination of a difference in per-

formance of the ejection openings, the ink difficult in the ejection stability at the

printing start was adopted. In table 1, a mark A indicates normal ejection, a mark B

indicates non-ejection, and a mark C indicates deviation occurrence in the ejection

direction.

[Table 1]
Cyan Tapered angle @2
Printing stop time 0° 10°
2.3 sec A A
3.2 sec B A
4.1 sec B A
Magenta Tapered angle @2
Printing stop time 0° 10°
2.3 sec A A
3.2 sec C A
4.1 sec B A
Yellow Tapered angle ®2
Printing stop time 0° 10°
2.3 sec B A
3.2 sec B A
4.1 sec B A

From the result of the tests, it was found out that the ejection opening with the pro-
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[0027]

[0028]

[0029]

jections in the print head according to the present embodiment could normally eject
even if the printing stop time became long and had excellent ejection stability at the
printing start.

(Reduction Performance on Satellites and Mists)

The reduction performance on satellites and mists in the ejection opening in the print
head according to the present embodiment was studied. Factors of the generation of the
satellite and mist include an ink tail phenomenon of liquid drops at ejection, and there
is a tendency that as the ink tail is the longer, the satellite and mist tend to be easily
generated. Therefore the evaluation by simulation of the ejection process was made in
view of a length of the ink tail of the liquid drop as an index of the satellite and mist
reduction performance.

Fig. 5A to Fig. 5G show the simulation result of the ejection process at the
time of ejecting liquid drops from the ejection opening in the embodiment.
Here, in the ejection opening with the projections in the embodiment,
the tapered angle ®1 of the projection was defined as 0° and the tapered
angle ®2 of the outer edge portion was defined as 5°. Fig. 5AR to Fig. 5GR
show the simulation result of the ejection process at the time of ejecting
liquid drops from the ejection opening in the comparative example. Here,
in the ejection opening with the projections in the comparative example,
the tapered angle ®1 of the projection was defined as 15° and the tapered
angle ®2 of the outer edge portion was defined as 5°. Fig. bA to Fig. 5G
correspond to Fig. BAR to Fig. 5GR in the respective processes.

By referring to Fig. 5A to Fig. 5G, the simulation result in the present embodiment
will be explained. Fig. 5A shows a state of the ejection opening in a steady state. When
the heater (thermoelectric conversion element 1) is operated, an air bubble is generated
and inflated in the bubble releasing chamber 5, thereby ejecting a liquid drop from the
ejection opening 2 in the upper part of the bubble releasing chamber 5. Here, Fig. 5B
shows a bubble releasing and air-bubble inflating process, and Fig. 5C shows the
maximum bubble releasing process. Next, Fig. 5D shows a deforming process, wherein
the air bubble is gradually contracted. When the liquid to be ejected starts with
separation from the liquid in the ejection opening, the meniscus is generated in the
ejection opening. In the process shown in Fig. 5E, the liquid forming the meniscus is
pulled in the heater direction, and the liquid drops in the peripheral portion (including
the outer edge portion) other than between the projections earlier than between the pro-
jections. From the process shown in Fig. SE over the process shown in Fig. SF, the
connection between the liquid forming the meniscus between the projections and the
liquid which has dropped earlier is gradually thin, and further, when the process goes
to the process shown in Fig. 5G, the liquid to be ejected is completely separated from
the liquid forming the meniscus in the ejection opening and the liquid remains between

the projections only.
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[0031]
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By referring to Fig. 5AR to Fig. bGR, the simulation result in the comparative
example will be explained primarily focusing on differences from the embodiment.
The comparative example is the same as the embodiment in a point where,

when the meniscus is generated in the process shown in Fig. 5DR, the liquid

forming the meniscus is pulled in the heater direction in the processes shown

in Fig. 5ER to Fig. 5FR, and the liquid drops in the outer edge portion of the
ejection opening earlier than between the projections. On the other hand, the
embodiment is different from the comparative example in a point where in the
embodiment, the projection of the ejection opening has the parallel configuration
and in the comparative example, the projection of the ejection opening has the
tapered configuration, having a tapered angle of 15°. Since the projection of the
ejection opening has the tapered configuration in the comparative example, a
distance between the projections is the wider from the outer surface side of the ejection
opening plate 8 toward the bubble releasing chamber 5. That is, in the comparative
example, as the interval between the projections holding the liquid for forming the
meniscus is the closer to the bubble releasing chamber 5, it is the

wider, thereby reducing the holding force. By referring to Fig. 5G and Fig. bGR,
the upper surface of the meniscus between the projections in the comparative
example is in a lower position than in the embodiment.

Here, a length of the ink tail in the liquid drop to be ejected will be studied.

When an ejection speed of the liquid drop in the embodiment is the same as that

in the comparative example, a position of the front end portion in the liquid drop

to be ejected is the same between the embodiment and the comparative example,

and in the figures, is positioned at a distance L from the outer surface of the

ejection opening plate 8. On the other hand, each of terminal ends (in the figures,
indicated at E and Er) of the ink tails (in the figures, indicated at T and Tr) of the liquids
to be ejected at the time the liquid to be ejected is completely separated

from the liquid forming the meniscus in the ejection opening is positioned in the vicinity
of the upper surface of the meniscus. Then, in the embodiment where the upper surface
of the meniscus is positioned in the vicinity of the outer surface of

the ejection opening plate 8 in the further upper side, the length of the ink tail i
s shorter than in the comparative example (T < Tr).

Therefore, according to the ejection opening of the print head in the present em-
bodiment, the length of the ink tail in the liquid to be ejected can be shorter, thus
providing the print head having more excellent performance on a reduction of the
satellite and mist generated from the ink tail portion.

(Configuration of Ejection Opening with Projections)

In the embodiment, the tapered angle ®1 of the projection is set to 0° and the
tapered angle ®2 of the outer edge portion is set to 10° or 5°, but the
configuration of the ejection opening with the projections which can be applied
in the print head in the present embodiment is not limited thereto.

The projection of the ejection opening with the projections in the print head
in the present embodiment has the parallel configuration, that is, the tapered
angle ®1 of substantially 0° , in detail preferably the tapered angle ®1 of >0°
and <10°.
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[0036]
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[0038]
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The outer edge portion of the ejection opening with the projections in the print
head in the present invention has the tapered configuration, and the tapered angle
®2 is in detail preferably set to meet a formula of ®2 > ®1.

According to the print head in the present invention provided with the ejection
opening with the projections having the projection and the outer edge portion described
above, both of the ejection stability at the printing start and the reduction performance
on the satellite and mist can be achieved in a balanced manner.

(Manufacturing Method of Print Head in First Embodiment)

A method of forming the ejection opening of the print head according to the first em-
bodiment will be explained with reference to Fig. 6A to Fig. 6H.

In the process shown in Fig. 6A, the substrate 34 is first provided, and thermoelectric
conversion element 1 generating energy for ejecting ink is arranged on the substrate
34. In the process shown in Fig. 6B, a photopolymer is coated on the substrate 34 on
which the thermoelectric conversion element 1 is arranged to form a first pho-
topolymer layer 50 which is a mold of the bubble releasing chamber 5 and the liquid
flow passage 7, and the photopolymer layer 50 is exposed and developed to pattern the
bubble releasing chamber 5 and the liquid flow passage 7. Next, in the process shown
in Fig. 6C, the photopolymer is coated to cover the pattern of the bubble releasing
chamber 5 and the liquid flow passage 7 to form a second photopolymer layer 80
which is designed to form the flow passage forming portion 4 and the ejection opening
plate 8 in Fig. 1 integrally.

Here, in the process shown in Fig. 6D, for forming a recess in a concave shape
(hereinafter, called a concave portion) on the second photopolymer layer, the second
photopolymer layer is exposed via a mask M in such a manner that the concave portion
becomes a non-exposure portion. Removing the mask, in the process shown in Fig. 6E,
thermal treatment (Post Exposure Bake) is executed in a temperature equal to or more
than a softening point of the resin in the second photopolymer layer. In consequence,
the resin of the second photopolymer layer in the exposure portion exposed in the
previous process is solidified and contracted. The resin of the second photopolymer
layer in the non-exposure portion is heated to the softening point or more for softening,
and, caused by the solidification and the contraction of the resin in the aforementioned
exposure portion, the concave portion equivalent to the contracted volume is formed.

In the process shown in Fig. 6F, the ejection opening with the projections is patterned
by being exposed and developed in the concave portion formed in the previous process
to produce the ejection opening in the concave portion. Here, at the exposure, in the
interface between air and the concave portion, the concave configuration of the
concave portion functions as lens due to a difference of a refractive index of light

therebetween for incident light to be refracted (refer to Fig. 7). The refraction angle is
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determined by an inclination angle of the concave portion. As shown in Fig. 7, the
outer edge portion of the ejection opening is tapered by large refraction of light, and
since part of the projection has small refraction, it is not tapered or almost not tapered.

Afterwards, in the process shown in Fig. 6G, anisotropic etching using a difference
of an etching speed by a crystal orientation of silicon is used to form the ink supply
chamber 10 and the ink supply opening 3 from the back side of the substrate 34, that is,
from the reverse side of the bubble releasing chamber and the liquid flow passage
forming surface. Finally in the process shown in Fig. 6H, the first photopolymer 50 is
melted by a solvent, and the melted portion forms part of the liquid flow passage 7 and
the bubble releasing chamber 5. In this manner, the print head according to the present
embodiment is manufactured.

In the method of manufacturing the print head according to the present embodiment,
since a focus position at exposure for forming the ejection opening 2 is in the surface
vicinity of the ejection opening 2, it is possible to form the ejection opening with high
dimension accuracy.

A diameter of the configuration of the concave portion can be changed by the mask,
and a depth of the concave portion can be controlled by the exposure amount, and a
temperature and a time of the thermal treatment. Therefore these factors can be
adjusted as needed to correspond to a dimension of the ejection opening with the pro-
jections to be formed.

(Second Embodiment)

Next, a second embodiment in the present invention will be explained with reference
to Fig. 8A to Fig. 8G. The second embodiment shows different forming means of the
ejection opening in the print head of the first embodiment, and has the same con-
struction as that in the first embodiment in the other points. Therefore hereinafter, only
the forming means of the ejection opening will be explained and the overlapped ex-
planation is omitted.

(Method of Manufacturing Print Head according to Second Embodiment)

In the forming method of the ejection opening of the print head in the second em-
bodiment shown in Fig. 8A and Fig. 8G, since the processes shown in Fig. 8A to Fig.
8C are the same as the processes from Fig. 6A to Fig. 6C in the forming method of the
ejection opening of the print head in the first embodiment shown in Fig. 6A and Fig.
6H and the subsequent processes are different, an explanation will start with the
process shown in Fig. 8D.

In the forming method of the ejection opening of the print head in the second em-
bodiment, the exposure of the outer edge portion and the exposure of the projection in
the ejection opening with the projections are respectively made separately. First, in the

process shown in Fig. 8D, the first exposure is made to the second photopolymer layer
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80 to form the outer edge portion in the ejection opening. By shifting the focus
(imaging position) to the heater side at the exposure, light incomes inside of the
contour of the mask pattern on the outer surface side of the second photopolymer layer.
That is, the same configuration as the mask pattern is projected in the imaging position
in the heater side, and the light incomes inside of the mask pattern as being away from
the imaging position. Therefore an image as the side wall of the ejection opening
spreads from the outer surface side of the second photopolymer layer toward the
imaging position, thereby to form the tapered configuration. In this manner, only the
outer edge portion of the ejection opening with the projections is formed in a tapered
configuration by the first exposure. Afterwards, in the process shown in Fig. 8E, the
second exposure is made to form the projection. In the second exposure, the focus is
adjusted to be imaged in the outer surface side of the second photopolymer layer for
the part of the projection not to be tapered for exposure. The processes in Fig. 8F and
Fig. 8G after forming the ejection opening with the projections by the exposure and the
development in this manner are the same as those shown in Fig. 6G and Fig. 6H in the
first embodiment.

As described above, since the outer edge portion of the ejection opening with the
projections has the tapered configuration and the projection has the parallel con-
figuration, the print head provided with the ejection opening excellent in both of the
ejection stability at a printing start and the reduction performance of the satellite and
the mist can be achieved.

(Third Embodiment)

Fig. 9 is a schematic perspective view showing one construction example of an inkjet
printing apparatus according to a third embodiment. The inkjet printing apparatus
according to the third embodiment uses the print head having the same construction as
that of the first embodiment as one example of the print head according to the present
invention. Therefore an overlapped explanation will be hereinafter omitted.

Ink tanks 205 to 208 respectively accommodate four colors of inks (cyan, magenta,
yellow, and black), and are structured to supply the four colors of the inks to the print
heads 201 to 204 in the first embodiment. The print heads 201 to 204 are provided cor-
responding to the four colors of the inks and are structured to eject the inks supplied
from the ink tanks 205 to 208. For reducing the granularity of a print image, ink drops
ejected from each print element arranged in the print head are set to small ink drops of
a fixed amount.

A conveyance roller 103 rotates together with an auxiliary roller 104 while having a
print medium (print sheet) 107 therebetween, and conveys and holds the print medium
107. A carriage 106 can mount the ink tanks 205 and 208 and the print heads 201 to

204, and reciprocally moves along the X direction while mounting the print heads and
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the ink tanks thereon. Ink is ejected from the print head during the reciprocal
movement of the carriage 106, thereby printing an image on the print medium. Ata
non-printing operation such as at a recovery operation of the print heads 201 to 204,
the carriage 106 is controlled to wait in the home position h shown in a dotted line in
the figure.

The print heads 201 to 204 waiting in the home position h shown in Fig. 1, when a
printing start command is inputted thereto, move together with the carriage 106 in the
X direction in the figure and eject ink to print an image on the print medium 107. The
printing is performed onto a region having a width corresponding to an arrangement
range of the ejection openings in the print head 201 by one time movement (scan) of
the print head. When the printing by one time scan of the carriage 106 in the main scan
direction (X direction) is completed, the carriage 106 returns back to the home position
h, wherein the printing is performed by the print heads 201 to 204 while again
scanning in the X direction in the figure. Before start of a subsequent printing scan
following completion of the previous printing scan, the conveyance roller 103 rotates
to convey the printing medium in the sub scan direction (Y direction) intersecting with
the main scan direction. By thus repeating the printing scan of the print head and the
conveyance of the print medium, the printing of the image on a predetermined region
of the print medium 107 is completed. The printing operation for ejecting ink from the
print heads 201 to 204 is performed based upon control by control means to be
described later.

In the above example, the printing operation is performed only when the print head
scans in the forward direction, that is, a case of performing so-called one-way printing
is explained. However, the present invention can be applied to a print head of
performing so-called bidirectional printing in which the print head performs printing at
both scans in the forward and backward directions. The above example shows the
structure that the ink tanks 205 to 208 and the print heads 201 to 204 are mounted in
the carriage 106 to be separable. However, there may be adopted the structure of
mounting on a carriage a cartridge where the ink tanks 205 to 208 and the print heads
201 and 204 are formed integrally. Further, there may be adopted the structure of
mounting on a carriage an integral print head of plural colors capable of ejecting inks
of plural colors from one print head.

The inkjet printing apparatus according to the present embodiment is explained as a
so-called serial type of inkjet printing apparatus for performing printing while the print
head scans in the main scan direction (X direction). However, the print head used in
the inkjet apparatus according to the present invention may be a full line type of print
head for printing without scanning in the main scan direction. At this time, the print

head to be used may be a single print head having a length corresponding to that of the
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print medium in the width direction or may be a combination of plural print heads.

(Other Embodiment)

The print head according to the above embodiment is explained as the structure of
using the ejection opening having two opposing projections each formed to be convex
in the inside direction in a cross section perpendicular to the ejection direction of the
liquid and having the parallel configuration in the ejection direction of the liquid and
the outer edge portion having the tapered configuration in the ejection direction of the
liquid. However, the ejection opening applicable to the print head according to the
present invention is not limited thereto. The projection is only required to be capable of
forming the meniscus of the liquid in the ejection opening at the time of ejecting the
liquid from the ejection opening, and may be three or more projections. For obtaining
more excellent effects of the present invention, the positions of the projections are
preferably provided equally in the inner periphery of the ejection opening. In a case
where the number of the projections is an even number, the positions of the projections
are preferably symmetrical in the inner periphery of the ejection opening.

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 such modifications and equivalent
structures and functions.

This application claims the benefit of Japanese Patent Application No. 2011-131155,

filed June 13, 2011, which is hereby incorporated by reference herein in its entirety.
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Claims

A print head comprising:

an energy generating element;

a chamber for accommodating liquid to which energy is applied from the
energy generating element; and

an ejection opening for ejecting the liquid from the chamber to an outside,
thus applying the energy to the liquid in the chamber from the energy
generating element to eject the liquid from the ejection opening,

wherein the ejection opening includes:

at least two projections each of which is convex to an inside of the ejection
opening in a cross section perpendicular to a direction of ejecting the liquid
and has a tapered angle ®1 in regard to the direction of ejecting the liquid,
enabling a meniscus of the liquid to be formed therebetween at the time of
ejecting the liquid from the ejection opening; and

an outer edge portion which is a section of the ejection opening different from
the at least two projections and has a tapered angle ® 2 in regard to the
direction of ejecting the liquid,

wherein the tapered angle ®1 and the tapered angle ® 2 are defined to meet
a formula of 0° < ®1< 10° and a formula of ® 2 > ®1.

A method of manufacturing a print head according to claim 1,
comprising:

a step for providing a substrate in which the energy generating element,
a first photopolymer layer patterned in the configuration of the chamber
to cover the energy generating element, and a second photopolymer
layer to cover the first photopolymer layer are arranged in that order;

a step for exposing the second photopolymer layer via a mask for
providing a non-exposure portion;

a step for executing heat treatment at a temperature equal to or more
than a softening point of resin in the second photopolymer layer to
form a concave portion in the non-exposure portion;

a step for exposing and developing the concave portion to pattern the
ejection opening; and

a step for melting the first photopolymer layer by a solvent to form the
chamber.

A method according to claim 2,

wherein in the step for exposing the second photopolymer layer,

an imaging position at the exposure time is in the vicinity of the energy
generating element.

A method of manufacturing a print head according to claim 1,
comprising:

a step for providing a substrate in which the energy generating element,
a first photopolymer layer patterned in the configuration of chambers to
cover the energy generating elements, and a second photopolymer layer

to cover the first photopolymer layer are arranged in that order;
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a step for exposing and developing the second photopolymer layer to
form an outer edge portion of an ejection opening;

a step for exposing and developing the second photopolymer layer to
form projections of the ejection opening; and

a step for melting the first photopolymer layer by a solvent to form the
chamber.

A method according to claim 4,

wherein in the step for forming the projections of the ejection opening,
an imaging position at the exposure time is in an outer surface side of
the second photopolymer layer.

An inkjet printing apparatus using a print head according to claim 1.

A liquid ejecting head comprising:

an element for generating energy used for ejecting liquid;

a chamber for accommodating the liquid to which the energy is applied from
the element; and

an ejection opening for communicating the chamber with an outside to eject the
liquid,

wherein the ejection opening comprises:

a plurality of projections projecting toward the center of the ejection opening
seeing from the direction to which the liquid is ejected; and

a plurality of arc portions connecting the plurality of the projections,

wherein a front end portion of the projection has a tapered angle ®1 in regard
to a direction of ejecting the liquid and the arc portion has a tapered angle ®2
in regard to a direction of ejecting the liquid,

wherein the tapered angle ®1 and the tapered angle ®2 are defined to meet a
formula of ®2 > ®1.

A liquid ejecting head according to claim 7,

wherein in a cross section in a direction perpendicular to a direction of
ejecting the liquid, the ejection opening has a cross-sectional area in an
end portion closer to the outside smaller than a cross-sectional area in

an end portion closer to the chamber.

A liquid ejecting head according to claim 7,
wherein the tapered angle ®1 and the tapered angle ® 2 are defined to meet
a formula of 0° £ ®1< 10°.

A liquid ejecting head according to claim 7,
wherein the projection comprises two projections projecting in di-

rections opposing with each other.
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