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METHODD”OF MANUFACTURI NG | NK JET HEAD . BACKGROUND OF THE | NVENTI ON
1. Field of the Invention The invention relates to a nethod of
manfacturing ink jet heads used in ink jet printers " 2. Related Art

. -

METHOD OF MANUFACTURING INK JET HEAD

/

The.invention;relates to a method of manufacturing

ink jet heads used in ink jet printers.

A method of forming a head using a photohardening
resin is disclosed in Japanese Examined Patent Publication
No. 42670/1990. The head is used in a so-called ink jet
printer in which ink portions contaihed in'independentiy
#rr;nged ink chambers are selectively ptessured to form ink
droplets, whiéh aﬁe then jetted'out of corresponding nozzles.

The disclosed method involves the steps of: exposing
and developihg a photohardening resin laminated on a |
substrate to form.ink chambers and ink flow paths thereon;
and then bonding a nozzle plate thereon thféugh an adhesive
so as to be integral therewith.

However, uniform application of the adhesive on the
‘bonding surface having the ink chambers and the ink flow
paths is so difficult that some of the‘adhésivé is forced out
into the small ink flow paths to block the jetting of ink
droplets. 1In addltlon, adhesion is not strong enough due to
the adheéive not belng_applled thick enough, or pressure |

- leaks occur to adjacént;ink chaﬁbers.
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A net hod of form ng a head using a photohardening resin is disclosed in
‘Japanese Pat ent. Exam ned Publica- tion No. 42670/ 1990. The head is used in
a so-called ink jet printer in which ink portions contained in indepen-
dently aisrsaébgﬂﬁi;BeakR.ﬁ @gbers are selectively pressured to formink

dropl ets en Jetted out of corre- spondlng nozzl es. The
dlsclose

ves the steps of exposing
the invention has been made in view of the above
circumstances. Accordingly, an object of the invention is to

provide an improved method of manufacturing an ink jet head
for an ink jet printer.

This object is solved by the method of independent claim 1.
Further advantageous  features aspects and details of the
invention are evident from the dependent claims, the
description and the drawings. The claims are intended to be
understood as a first non-limiting approach of defining the
~invention in general terms.

Accbrding to a specific aspect of the invention a method is’
disclosed wherein a cavity forming substrate is formed that
has a reinforced portion and a bonding portioxi by the process
of éxposing and developing a photohardening resin. That is, a
laminated film of a photohardening resin is first exposed on a
- substrate so as to be half hardened, and then developed to
form predetermined ink chambers and ink flow paths thereon.
Successively, the ' bonding surface of the thus processed
~ substrate is subjected to secondary exposure to locally form a
hardened portion. With the profile of the cavity forming
1aYEr maintained by this hardened port:.on, the other substrate
is  integrally bonded ‘thereon by the  half-hardened
Photohardening resin portion. ' ' '

Another aspect of the invention is to provide a method
characterized as preventing leakage of ink and pressure from
the ink chambers and the like. That is, a peripheral portion
around each ink chamber and each ink flow path, the peripheral
Portion excluding a portion near them, is subjected to
' 8econdary exposure so that the peripheral portion can be
harcleued While preventing deformation of the ink chamber and the
ink flow path by the hardened portion, the peripheral portion
Around the ink chamber and the ink |

T ) .- -._2_ .-
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ahd devel opi ng a photohardening resin | am nated on a substrate to formink
chanbers and ink flow paths thereon; and then bonding a nozzle plate

thereon with an adhesi ve. However, uniform application of the adhesive on
t he bondi ng suface having the ink chanbers and the ink flow paths is so
dfficult that sonme of the adhesive is forced ont into the small ink flow

paths to bl ock.the

flow path is bonded surely by the half-hardened resin portion
near them.

'Still another aspect of the invention is to provide a method
characterized as forming a rigid wall by secondary exposure of
the portion around each ink chamber and each ink flow path in
order to improve the accuracy in forming the ink chamber and
the ink flow path. '

Still another aspect of the invention is to provide a method
'__characterizec_l as achieving consistent bonding by eliminating
partial inconsistency in the area of the bonding surface' as
well as deformation of the substrate which occurs during the
forming process.

Figures 1(a) to 1(g) .are diagrams showing the steps of forming
a part of the cavity forming layer on the side of a nozzle
plate, which is an embodiment of the invention;

?igures 2(a) to 2(g) are diagrams showing the steps of forming
the other part of a cavity forming layer on the side of an |
- elastic plate in the above embodiment;

Figure 3 is a secﬁiona-l view showing an integrally bonded
cavity forming substrate;

Figure 4 ig a plan view shbwing a part of the bonding surface
°f an ink jet head in enlarged form;

Pi _
‘gure 5 is a plan view showing the entire part of the bonding
surface. :
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jetting of i
- the adhesi ve
adj acent ink
been nade in
i nvention is

nk droplet |In addition adhesion is not strong enough due to
not being applied thick enough, or pressure | eaks occur to-
chanbers. : - SUMVARY OF THE | NVENTI ON . The invention has
vi ew of the above circunstances. Accordingly, an object of the
to provide a nethod of manfacturing an ink jet head

]

Figure 6 is a plan view showing a part of a bonding
‘surface Qf an ink jet hedd.of another typé'in enlarged form;

Figure 7 is a perspeCtive view showing a part of a
bonding surface of an ink jeﬁ head of still another type in
enlarged form;

Figure 8 is a plan view showing a part of a bonding
surface of an ink jet he#d of still another type in enlarged
form; _ | |

' Figures 9(a) and 9(b) are diagrams showing a part of
a forming prbcess, which is_anbther embodiment of the
invention;

| Figure 10 is a plan view showing a éart of a bonding.
surface obtained by the process shown in Figures 9(a) and
9(b) in enlarged form; o |

Figure 11 is a plan view showing a part of a bonded
surface of an ink jet head of another type in énlarged fo:ﬁ;

Figure 12 is a plan view showing a part of a bonding

~ surface of an ink jet head of still another type in enlarged

form;

Figure 13 is a perspective view showing a part o§ a
bonding surface of an ink jet head of still another tyﬁe in
enlarge_form; and

Figure 14 is é diagram showing an éxample of an‘ink
jet héad having a cavity type substrate fofméd by a ﬁethod of

the invention.

-
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for an'ink jet printer, the method being characterized as fornming a cavity
form ng substrate that has a reinforced portion and a bonding portion by
the process of expos- ing and devel oping a photohardening resin. That is, a
| am nated filmof a photohardening resin is first exposed on a-substrate so
as to be half hardened. and then devel- oped to form predeterm ned ink
chanbers and ink flow paths thereon. Successively, the bonding surface of

t he ' -

Embodiments of the invention will now be described
with reference to the accompanying drawings.

Figures 1 and 2 show a method of manufacturing a
cavity forming substrate constituting a piezoelectric ink jet -
head, which is an embodiment of the invention. Figure 14
shows an ink jet head having a cavity forming substrate
prepared by the above-mentioned manufacturing method.

An ink jet headlusing this substrate will be
described briefly with reference to Figure 14. |

A cavity fo:ming substrate 1 includes: a nozzle plate
2 having a plurality of nozzlee 21l; a cavity ferming layer 3
having a2 common reservoir 31 and individual ink chambers 32;
and an elastic plate 4 elastically deforming so as to apply
pressure to ink contained in each ink chamber 32. The cavity
forming substrate 1 is bonded to the toé surface of a head
frame 6 in place.

_ A top end of a-ﬁieioelectric vibrating element 7 is
bonded to the elastic plate 4 with the base end thereof
supported by a fixed plate 8. The piezoelectric vibrating
element 7 is longiﬁudinally centracte&'and expanded by an
alternatihg electric field applied through a wiring pattern
81 and a leed frame 82, both mounted on the fixed plate 8,.te
‘deform the elastic plaee 4. As a result, the iﬁk'contained
in each ink chamber is pressured to be jetted out in the form
o-f. an ink droﬁalet from ﬁhe corresponding nozzle 21. |
e
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t his processed substrate is subjected to secondary expo- sure to locally
forma hardened portion. Wth the pro- file of the cavity formng |ayer
mai ntai ned by this hard- ened portion, the other substrate is integrally
bonded thereon by the half-hardened photohardenlng reS|n portlon

16 DEC 19

The methbd of preparing the ;:avity forming substrate 1 will be

described with reference to Figures 1 and 2.

Figures 1l(a) to 1(g) show the steps of preparing a part or
substructure 23 of the cavity forming layer 3 formed on the
side of the nozzle plate _-2. A dry film photoresist 51 of,

~e.g., a negatively photosens‘i_t'ive epoxy acrylate'is ‘laminated

on an inner surface, or a cavity forming surface, of the
nozzle plate 2 shown in Figure l(a), by heating or applying
pressure. The dry £ilm photoresist 51 is not £fluid but
adhesive, so that the dry film photoresist 51 can be bonded
easily by merely applying a small external force to the nozzle
plate 2 (Figure 1(b)).

Then, a photomask Ml is positioned thereon so as to match
either a not shown positioning pattern ‘formed on the nozzle
plate 2 or the nozzle 21. The photomask M1 has preformed
opagque patterns a and b so that a flow path 33 and the
reservoir 31 that communicates with the nozzle 21 will later
be formed thereon as shown in Figure 3. '

As shown in Figure 1l(c), when light is injected onto the dry
film photoresist 51 from over the photomask M1 as parallel
rays in such an amount as not to harden the photoresist, e.g.,
about 90 mJ/cm2, the flow path 33 and the reservoir 31 remain
O°n the surface of the dry film photoresist 51 as unexposed
Portions S1A that correspond to the opaque portions a, b,
whereas the. 'othet pdrtibris corresponding to transparent

~Portions ¢ of the mask are left half-hardened, i.e., the

Portions underlying c

;\\\ :
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become half-hardened portions 51B that are insoluble to a
solvent but are adheszve.

In the above-mentxoned embodiment, a light energy is
used to provzde the half-hardened portions. However, any
other energy which activates a photosensitive resin such as
an electron beam may be used instead of the light energy.

A laminated body of a predetenmined thickness having
both the unenposed portions S1A and the half{hardened
portions 51B is formed on the surface of the nozzle plate 2
by repeating such laminetion of the dry film photoresist 51
and exposure (Figure l(dj). Then, the unexposed portions 51a
are removed_from.the lamineted body made of films of dry film
photoresist 51'using a'solvent such as trichloroethane
(Figure l(e)). | _ |

As a next step} a dry film photoresist 52 for forming
an ink chamber is lamineted on the thus processed laminated .
body, and the ink chamber 32 is formed by the steps of
sinilarly exposing the dry £film photoresist 52 while
positioning thereon a not shown transparent photomask having
an opague pattern eorresponding to the ink chember 32 and
then nemoving the unexposed portion 52A (Figure i(f)).

‘As the last step, part of the.laminated body having
both dry film photoresists 51 and 52 is subjected to

.Secondary exposure so'that such pert can be hardened. In
'thie_exposure, a'photomask M3 having en opeque'pattern.d for
_ ‘masking a portion slightly larger than the nneXpoeed portions
Rﬁ
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-2- Anot her abject of the invention is to provide a nethod
characterized as preventing | eakage of ink and

51A and 52A is used as shown in Figure 1(g). Light whose
energy is large enough to harden the half-hardened dry film
'photoresist portions 51B, 51B, e.g., about 2J/cm , Or more
preferably, 5J/cm? is injected from above the photomask M3 to
form hardened portions 51C, so that the entire part of a wall
fdrming portion that excludes a portion around the ink chamber
32, t_he reservoir 31, and an ink supply portion 34 c_onnectinq
the ink chamber 32 to the reservoir 31 (Figures 3 and 4) is
formed into a hardened portion 51C. The hardened portion is
provided so that the cavity forming layer 3 is not deformed by
pressure applied at the time of bonding.

A further part or substructure 43 of the cavity forming layer
3 and an ‘insulating layer 42 are formed on the elastic plate 4
- by a process shown in Figures 2(a) to 2(g)

The elastic plate 4 used in this embodiment is a metal thin
plate having a thickness of 5 um or less prepared by nickel
electroforming. A dry film photoresist 59 is first laminated
on a surface of the elastic plate 4, i.e., a surface to which
the end of the piezoelectric vibrating element 7 is bonded.
The dry film photoresist 59 is of the same type as the dry
film photoresists 51, 52 arranged on the side of the nozzle
Plate 2. A coating of a liquid 'photosensitive resin applied by
the spinner method or the roll coating method may be used
instead of the dry £film photores:.st.

The dry film photoresist 59 is exposed with a photomask placed
thereon, and then developed to form such an

““f T \ '
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. pressure fromthe ink chanbers and the like. That is, a peri pher al
portion around each ink chanber and each ink flom/path t he peri pheral
portion excluding a por- tion near themis subjected to secondary exposure
so that the peripheral portion can be hardened. Wile preventing
deformation of the ink chanber and the ink.flow path by the hardened
portion, the peripheral por - tion around the i nk chanber and the ink flow
path is Lnsulatxng layer 42 as shown in Figure 2(c) Although not
shown, the photomask employed in this process has a ring-iike
opa@ue pattern slightly narrower than the ink chamber 32 but
slightly larger than the section of the piezoelectric
vibrating element 7. Accordingly, an island-like thick
portion 44 is formed in:the middle through a ring-like thin
portion 45 on the surface of the elastic plate 4 from which
 the ring-like unexposed portien has been removed by'the post-
exposure developing process. The portion 44 comes in contact.
with the piezoelectric vibrating element 7.

Then, a dry film photores;st 55 of the same type as
the dry film photores;sts 51 and 52 arranged on the nozzle
plate 2 is laminated on the back of the elastic plate 4 while
inverting the elastic plate 4. As shown in Figure 2(d), 2

- photomask M5 having an'qpaque pattern f for forming an ink
chamber 32, a reservoir 31, ahd an ink supply portion 34 is
put in place, and 1ight having energy large enough to harden

the dry film photoresiet 55, i.e., about 53/cm? is irradiated
thereto to form a hardened portion 55B on the dry film
photoresist 55, the hardened portion being around these
portions 32, 31 and'34.

The dry film photoresist 55 which is on the unexposed
portion S55A is.remdved by a eolvent'(Figure 2(e)); a dry £film
Photoresist 56 is laminated thereon;.and is exposed and
developed us;ng a not shown photomask having an opaque
pattern which corresponds to the ink chamber 32 and the

\\_
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bonded sur el y by the hal f-hardened resin portion near them Still another
obj ect of the invention is to provide a nethod characterized as formng a
rigid wall by sec- ondary exposure of the portion around each ink cham ber
and each ink flow path in order to inprove the accuracy in formng the ink
. chanber and the ink flow path.

'reservoir 31 and which e:écludes the ink supply portion 34
(Figure 2(f)); and as the last step, the entire part of the
d::y_film photoresists 55 and 56 are subjected to secondary
exposure and then heated so that the dry film photoresists 55
and 56 are hardened.

The cavity forming part 23 of layer 3 on the side of the
nozzle plate 2 and the cavity forming part 43 of layer 3 on
the side of the elastic plate 4, which further carries
'insulating layer 42 and which have been formed in the above-
mentioned processes, are bonded together by pressure.

As shown in Figure 3 both are bonded integrally with each
other, i.e., the cavity forming part 23 on the no-zi_le plate 2
side is bonded onto the surface of the cavity forming part 43
on the elastic plate 4 side, whereby as area 51C of 'Fig. 1l is
not being deformed, portion SC in Fig. 3 which is around the
ink chamber is not being deformed either because it has been
hardened by the secondary exposure, while portion 5B of part
23 in Fig. 3, corresponding to portion 51B in Fig. 1, remains
‘half-hardened. ' '

This embodiment is characterized as bonding the cavity forming
part 23 on the side of nozzle plate 2 to the cavity  forming
part 43 on the side of the elastic plate 4 while leav:.ng the
portion around the ink chamber 32 of the cavity forming part
23 not subjected to secondary exposure. As the gap between
adjacent ink chambers is narrowed in order ‘to arrange the -
nozzles in a higher density, preferably as shown in .Fig.' 5,
columnar hardened poi‘tic’ms 5¢’ are formed by subjecting
portions near a relatively 1arge bonding portion 35 around the
reservoir 31, as well as the ink supply portion 34 and the
like requiring | e
- 10 =~
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St’ill anot her object of the invention is to provide a nmethod characteri zed

as achi eving consi stent bonding by elimnating partial inconsistency in the
area of the bonding surface as well . as deformation of the substrate which
occurs during the formng process. BRI EF DESCRI PTI ON OF THE DRAW NGS '

FIGS. 1(a) to 1(g) are diagranms showing the steps of forming a cavity
forn1ng | ayer on the side of a nozzle
high accuracy in profile to spot-like secondary exposure.

These hardened portions 5C'are utilized

to prevent the ink chambers 32 and the like from being

deformed. _ _
' In this embodiment, lightened portions 36 are formed

in the relatively large bonding ?ortion 35 that surrounds thel-
~ reservoir 31, particularly, portions not affecting the

function of the ink jet head, out of the cavity forming
parts 23, 43 which are formed on the nozzle plate 2 and the
elastic platé 4, respectively, as shown in Figure 5. Such
lightened portions are provided to keep'the bonding sufface-
area from being partially inconsistent.. This arrangement
cbviates inconveniences that the nozzle plate 2 and the
elastic-plate 4 are bent due to the soft dry film photoresist
5 on the half-hardened portion 5B inconsistently affecting |
part of the nozzle plate 2 and the elastic plate 4 or that
the bonded surface is separated due to inconsistent heating
at the time of bonding. |

Further, to form a so-called edgé type'cavity forming
shbétrate iﬁ which the axis of a nozzle 21 runs in parallel
to the plane of the substrate 1 as shown in FigureHG, a
'sidewall portion 37 of the nozzle 21 ahd of thé ink supply
portion 34 and a portion around such sidewall 37 are |
subjécted to secondary exposure.

Still further, to form a cavity forming suﬁstrate 1

such as shown in Figure 7, i.e., a cavity forming substrate

- 11 ~
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pl ate, which is an enbodi nent of the invention; FIGS. 2(a) to 2(g) are
di agranms showi ng the steps of formng a cavity formng |ayer on the side of
an elastic plate in the above enbodinent; = FIG 3 is a sectional view

showing an integrally bonded cavity form ng substrate; FIG 4 is a plan
vi ew showi ng a part of the bondlng surface of an |nk jet head in enlarged

form

of such a type tha: ink is supplied to an ink chamber 32 from

 a reservoir 31 érranged at’ both ends thereof through ink

supply paths 34 having no coﬁstriction, the folibwing steps

will be taken.' First a sidewall portion 37 defining the ink

chamber 32 on ‘the szde of the elastic plate 4 is formed so as
to be half-hardened. Then, a columnar hardened portion 5¢!is
forhéd by subjecting the sidewall portion 37 to spot-like_'
secondary exposure. The thus'formed sidewall'portion 37 is
further bonded by a half-hardened portion 5B to a not shown
nozzle plate placed thereon and then heated for hardening.

Still further, in the case of a cavity.forming
substrate 1 having a heating element 38 such as shown in
Figure 8, an ink chamber 32 and a nozzle 21, which are half-
hardened, are first formed on a substrate made of glass 6r
silicon with the'heéting element 38 mounted thereon. A
sidewall portion.37 excluding a portion'around the ink
chamber 32 is then subjected to sécondary exposﬁre'for
hardening. | |

Figure $§ shows another embodiment of the invéntion,
pParticularly, the process of secondary exposure to be
effected on the dry film photoresists 51 and 52 on the half-
hardeneqﬂportion 5B foﬁmed Qﬁ the nozzle plate 2.

In this embodiment, the description of the steps.
é°rrésponding to those shown in Figures l(a) to 1(f) will be

Omitted'since they have been already described with reference

%0 Figures l(a) to 1(f). That is, these are the steps of

- 12 -
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FIG 5 1is a plan view showing he entire part of the bonding surface; - FIG
6 is a plan view showing a part of a bonding surface of an ink jet head of
another type in enlarged form  FIG 7 is a perspective view showi ng a
‘part of a bonding surface of an inkjet head of still another type in

formiﬁg the ink chamber 32, the reservoir 31, the flow path
33, end'fhe like by repeating the process of iaminating the
dry film photoresists 51, 52 on the nozzle plate 2 and
subjecting the lamineted photoresists to such exposure as not
to harden the photoresists and to development.
' The half-hardened portion SB! corresponding to portion 51B of
Fig. 1 out of the thus formed layers of dry film photoresists 51, 52 are then to |
.subjected to secondafy'exposure. Te do so, a photomask M6
having an'opaque pattern'g'as'e portion excluding a
transperent portion £'that is slightly larger than the ink
chamber 32 as shown in Figure 9(b) is used. This opaque
- pattern g‘is posztioned on the layers of dry film-
photoresists 51, 52. Then, parallel rays of light whose
energy is sufficient.fqr hardening, i.e., from 2J/cm? to
5J/cm?, are irrediated thereto. |
Accordingly, as shown in'Figure 10, the films of dry
film'photoresists 51 and 52 are processed so that only a
. Sidewall portion 39 surrounding the ink chamber 32 and the
ink supply portion 34 is formed into a hardened portion sct
Thus, by bonding this cavity formlng'pmt 23 to a
not shown cavity formlng ﬁﬂi- 43 on the elastic plate 4 by
pressure, both parts 23 and 43 are bonded together by an
adhesive force provided by the half-hardened portion 5B!with
| - the boundaries of the inkjchaﬁbers.32 and the ink supply
: pertion_34 meihtained by the sidewall portion 39. As the

final step, the entire pert of the bonded layers is subjected

; - This Sheet Has B
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té a hardéning process by heating so as to form an intégral
body - _‘ |

‘Figure 1l is an embodiment characterized as
controlling deforﬁation of the ink supply portion 34 that
requires a particularly stringeht accuracy in profile. Such
control is accomplished by subjecting the sidewall portion 39
of the ink_supply portion 34 to secondary eprsure by the
above-mentioned method so thaﬁ shch sidewall poftioﬁ can be
formed into a hardened portion 5C'. . |

Figure 12 is an embodimgnt characterized as further
reinforming the sidewall portion 39 by forming an indented
hardened.portion'SC‘around both the ink chamber 32 and the
ink supply portion 34 by the above-mentioned method.

Further, with :espéct'to a cavity forming substrate 1
such as shown in Figure.13, i.e., a cavity forming substrate
1 of such a type that.ink is supplied to an ink'chamber 32
from a res;rvoi£'3l arranged at.both ends thereof through ink
supply portions.34 that have no ﬁohéﬁriction,'a ﬁeripheral
portion of a sidewall portion 37 that defines the ink chamber
32 and the ink supply portions 34 is hardened by the above-
mentioned method in such a manner that such peripheral
portion surrounds the sidewall portion 37.

Still further, this last embodiment is applicable to
a cavity forming substrate of a so-called edge type in which
the axis of a nozzie runs in parallel to the plane of the

substrate 1 or to a cavity forming substrate of a so-called

//ll/l///lll/////l/]//ii?ced



- 3- enl arged form FIG 8 is a plan view show ng apart -of a bonding
surface of an ink jet head of still another type in en- larged form
FILGS. 9(a) and 9(b) are diagranms showing a part- of a form ng process,
whi ch is another enbodi nent of the invention; .

pubble type in which a heating element is arranged in a flow
ath imediately before a nozzle, so that the sidewall of the

. |
ink chamber and of the nozzle can be hardened by secondary

exposure.

_
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FIG 10 is a pl an viewshowi ng a part of a bonding surface obtained by the
process shown Tn Fr&S—9ta)—and 9(b) in enlarged form "FIG 11 is a plan

vi ew show onded surface of an ink jet head of another type
in enl argegmmmﬂmmuﬁﬂ 2 is a plan view showing a part of a bonding
surface of &n knkt| f still another type in en-
CLAIMS |
I. " A method of manufacturing an ink jet.head, comprising
the steps of: | -_ | |
laminating a photohardening resin at_least on one of
substrates; |
first exposing and then developing said
photohardenlng resin by actxvation energy rays havzng such
energy as to half-harden said photohardening resin; |
forﬁing a cavity required for jetting ink;
secondarily exposing a part 6f said photohérdening.
resin to harden such part by activation enefgy rays having
energy necessary for hardening; and |
bonding ;he other’substrgte to the bonding surface of
said photohardening resin for integration.
2. A method of manufacturing an ink jet head according
- to claim 1, further compiising the step of first exposing and
then developing said photohardening resin using a mask hsving

such a pattern that no partial inconsistency'in the area of

the cavzty forming surface occurs.
3. A method of manufacturzng an ink jet head acccrdlng
to claim 1 or 2 further comprising the step of secondarily

exposing a peripheral portion excluding at least a portion

near an ink flow path so that the peripherai portion is

hardened

4, - A method of manufacturlng an ink jet head according

to any one of claims 1 to 3 furthet-ccmprlslng the step of secondarily

This Sheet Has Been R, ﬂ - 16 -
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surface of a
FIG 14 is a
type substra
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13 is a perspectlve view showing a part of a bonding
k jet head of stiTl another type in enlarge form and
di

ink |
m ,mm' exarrpl e of an inkjet head having a cavity
f "ﬂlﬁ“ d of the |nvent|on | DETAI LED

c

exposing at least a peripheral portion around an .i.nk' flow

path so that the peripheral portion is hardened.

5. A method of manufacturing an ink jet head according

to any one of the preceding claims, further comprising the step of secondarily
exposing a portion around an ink flow path so that said

portion is hardened.in indented form.

6. A method of manufacturing an ink jet head according
u:any one of the preced;ng claims, further camprising the step of secondarily
exposing a portion around an Lnk_sqpply portion connecting an

ink reservoir to an ink chamber so that said portion is

hardened. _ |

7. A method of ﬁanufacturing an ink jet head according

to any one of the preceding claims, further comprising the step of secondarily
exposing a portion around a wall defining an ink flow path so '

that said portion is hardened.

- 17 -
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PREFERRED ENMBODI MENTS Enbodi nents of the invention wll now be descri bed
with reference to the acconpany draw ngs. FIGS. 1 and 2 show a nethod of
manufacturing a cavity formng substrate constituti ng-a a pi ezoel ectric ink
jet head, which is an enbodi nent of the invention FIG 14 shows an ink jet
head haV| ng a cavity. formng sub- strate prepared by the above-nentioned

manuf act uri ng
ABSTRACT

A method of manufacturing ‘an ink jet head comprising
the steps of: laminating a dry f£ilm photoresist (Sl1)on an
inner surface of a nozzle pl_ate(z), the dry film photoresist
being a photohardening resin; exposing the photoresist (51)
with such energy as to half-harden the photoresist while
superposing thereon a photomés)g( Ml) having a predetermined
maéking pa.ttern} developing the thus exposed photoresist (51
l'amina.ting a photoresist (52} secondarily exposing the
' photores:.sts (5]) (52) to fom a partially hardened portion( 51C) H
bonding an elastic plate on the portion (51(.) and .mtegrat:.ng

the bonded plates while h.arden:.ng them by heat.mg
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withr fgfncg t %;I%%& 14, cavity forhi nggSibs r‘a?dl i ncl udes: a \/3
nozzl-e%ﬁ &6 ﬁ%}"’a'pﬁﬁalit-y of nozzles 21, a cavity formng |ayer 3
havi ng a common reservoir 31 and individual ink chanmbers 32; and an el astic
plate 4 elastically deformAg so as to apply pressure to ink contained in
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chanber 32. The cavity form ng substrate |( b dzd t,ﬁ the top surface QR 2
a head frane 6. A top end of a piezoelecfrfic 'bzg-i g elenent 7 is
bonded to the elastic plate 4 with the base end thereof supported by a
fixed plate 8. The piezoelectric vibrating elenment 7 is | on/g'i t%di nal | y
contracted and expanded by: :
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-4 - an alternating electrlc field applied through a wiring pattern 81 and
a l.ead frame 82, both nounted on the fixed plate 8, to defoarmthe elastic //8'
plate 4. As a result the ink contained in each ink chanber i5 pressured to

be jetted out in the formof an ink drople//iron1t corre spondi ng nozzl e
21. -
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The method of preparing the cavity formng sub- strate 1 will be described <
with reference to FIGS." 1 and 2. FIGS . 1(a) tg~A(g) show the steps of
preparing a cav- ity formng | ayer 23 th sidé of the nozzle plate 2. A
dry filmphotoresist 51 of, e.g., a neghti/Ngl'y photosensi- tive epoxy
acrylate is |lam nated on an inner surface, 'or a cavity.-formng surfce, of
the nozzle plate 2 shown.in- T

| //IIW

Gl ——

Z _
"’""'
| /
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FIG 1(a), by heating or applying pressure. The dry film photoresist 51 is
not fluid but adhesive, so that the dry filmphotoresist 51 can be bonded
easily by nmerely applying a small external force to the nozzle plate 2
(FIG 1(b)). ‘Then, a photomask ML is positioned thereon so as to match
either a not shown positioning pattern forned on the nozzle plate 2 or the

nozzle 21.- The photomask M-
f;’g. 7 (a)

_ 22 2 3/
' Eéif E[. f( i / - éi:: J2
;l E [ hl » !’/
.. i . . / | ~ 2
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L l l 72 ifi |
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has preformed opaque patterns - a and b so that a flow path 33 and the 7‘/<
reservoir 31 that communicate with the nozzle 21 will later be forned ‘
thereon as shown in FIG 3. As shown in FIG 1(c), when light is injected
onto the dry filmphotoresist 51 fromover the photomask M as parall-el

rays in such an amount as not to harden the photore5|st eg., about 90
m]/crr[err] theflo-wpath 33 and _ .'

/E/’g ,
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the reservoir 31 remain on the surface of the dry filmphotoresist 51 as g
unexposed portions 51A that corre- spond to the opaque portions a, b,

whereas the other ‘transparent portions c fe.left. hWapf-hardened; ie., the
portions c becone half-hardened portions p1F #hat insoluble to a

sol vent but are adhesive. ln the above-nent&oned enbodi nent, a I.ight

energy is.used to provide the half-hardened portions. However, .
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ctivates a photosensitive resin such as ag,ggebs on
seeafl of the |ight energy. A | am nated body of a

5 hav- ing both the unexposed portions 51A and the

i pn$ 51B is formed on the surface of the nozzle plate 2
ngti on of the dry fitlm

METHOD OF MANUFACTURING INK JET HEAD

. This Sheet Has Been eﬂlaced
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The invention relates to a method of manufacturing'

ink jet heads used in ink jet printers.

A method of forming a head using a photohardening
resin is disclosed in Jaﬁanese Emmﬁnaipaumm. Publication
No. 42670/1990. The head is used in a so-c&lled ink jet
printer in which ink portions contained in independently
arranged ink chambers are selectively pressured to form ink
droplets, which are then jetted out of corresponding nozzles.

The disclosed method involveé the steps of: exposing
and developing a photohardening resin laminated on a
substrate to form ink chambers and ink flow paths thereon;
and then bonding a nozzle plate thereon thfough an adhesive
so as to be integral therewith. |

However, uniform application of the adhesive on the
bonding surface having the ink chambers and the ink flow
paths is so difficult that some of the adhesive is forced out
into the small ink flow paths to block the jetting of ink
droplets. In addition, adhesion is not strong enough due to
the adhesive not being applied thick enough, of pressure

leaks occur to adjacent ink chambers.
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the invention has been made in view of the above
circumstances. Accordingly, an object of the invention is to
provide an improved method of manufacturing an ink jet head

for an ink jet printer.

" This object is solved by the method of independent claim 1.
Further advantageous features aspects and details of the
invention are evident from the dependent <claims, ‘the
‘description and the drawings. The claims are intended to be
understoocd as a first non-limiting approach of defining the
invention in general terms.

According to a specific aspect of the invention a method is
disclosed wherein a cavity forming substrate is formed that
has a reinforced portion and a bonding portion by the process
of exposing and developing a photohardening resin. That is, a
laminated film of a photohardening resin is first exposed on a
substrate so as to be half hardened, and then developed to
form prédetermined ink chambers and ink flow paths thereon.
Successively, the bonding surface of the +thus processed
substrate is subjected to secondary exposure to locally form a
hardened portion. With the profile of the cavity forming
layer maintained by this hardened portion, the other substrate
is integrally bonded thereon by the half-hardened

photohardening resin portion.

Another aspect of the invention is to provide a method
characterized as preventing leakage of ink and pressure from
the ink chaﬁbers and the like. That'is, a peripheral portion
around each ink chamber and each ink flow path, the peripheral
portion excluding a portion near them, is subjected to
secondary exposure so that the peripheral portion can be
hardened. While preventing deformation of the ink chamber and the
ink flow path by the hardened portion, the peripheral portion
around the ink chamber and the ink



s&ure (FIG 1(d)). Then, the un- exposed portions 51A
i ) nat ed body nmade of filnms of dry film photoresist

solvent such s trichl oroet hane (FIG 1(e));

06 SEP 1996
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flow path is bonded surely by the half-hardened resin portion

near them.

Still another aspect of the invention is to provide a method
characterized as forming a rigid wall by secondary exposure of
the portion around each ink chamber and each ink flow path in
order to improve the accuracy in forming the ink chamber and
the ink flow path.

Still another aspect of the invention is to provide a method
characterized as achieving consistent bonding by eliminating
partial inconsistency in the area of the bonding surface as
well as deformation of the substrate which occurs during the

forming process.

Figures l(a) to 1(g) are diagrams showing the steps of forming
a part of the cavity forming layer on the side of a nozzle
plate, which is an embodiment of the invention;

Figures 2(a) to 2(g) are diagrams showing the steps of forming
the other part of a cavity forming layer on the side of an
elastic plate in the above embodiment;

Figure 3 is a sectional view showing an integrally bonded

cavity forming substrate; |

Figure 4 is a plan view showing a part of the bonding surface
of an ink jet head in enlarged form;

Figure 5 is a plan view showing the entire part of the bonding
surface;

i
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REPLACRMER, - 7}
rne do

siftioning there
ttern correspondi

y fil mphotoresist 52 for form ng an ink chanber is

H

sjof simlarly exposing the dry film photoresist 52 while
n{a not shown transparent pho- tonmask havi ng an opaque

minat ed e tthéis processed | am - nated body, and the ink chanber 32 is
B,SER b %

g to the ink chamb®r 32 and then renovi ng the unexposed

pdr-—tion 52A (RLGI1(f)).

Figure 6 is a plan view showing a part of a bonding
surface of an ink jet head of another type in enlarged form;

Figure 7 is a perspective view showing a part of a
bonding surface of an ink jet head of still another type in
enlarged form;

Figure 8 is a plan view showing a part of a bonding
surface of an ink jet head of still another type in enlarged
form;

Figures 9(a) and 9(b) are diagrams showing a part of
a forming process, which is another embodiment of the
invention;

Figure 10 is a plan view showing a part of a bonding
surface obtained by the process shown in Figures 9(a) and
9(b) in enlarged form;

Figure 11 is a plan view showing a part of a bonded
surface of an ink jet head of another type in enlarged form;

Figure 12 is a plan view showing a part of a bonding
surface of an ink jet head of still another type in enlarged
form;

Figure 13 is a perspective view showing a part of a
bonding surface of an ink jet head of still another type in
enlarge form; and

Figure 14 is a diagram showing an example of an ink
jet head having a cavity type substrate formed by a2 method of

the invention.
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As bl 8P Rart of the | am nated body having both dry film
“@3&1{%&5 R aﬂ: IS subjected to secondary exposure so that such part

hi s exposure, a photomask M3 havi nhg an opaque pattern
on slightly larger than the unexposed portions 51A and

ort
”@@g@%ﬁgﬁp& ﬁn in FIG 1(g). Light whese energy is large enough to

f.he hal f-harldgned dry fllnlphotore5|st portions

Embodiments of the invention will now be described
with reference to the acéompanying drawings.

Figures 1 and 2 show a method of manufacturing a
cavity forming substrate constituting a piezoelectric ink jet
head, which is an embodiment of the invention. Figure 14
shows an ink jet head having a cavity forming substrate
prepared by the above-mentioned manufacturing method.

An ink jet head.using this substrate will be
described briefly with reference to Figure 14.

A cavity forming substrate 1 includes: a nozzle plate
2 having a plurality of nozzles 21; a cavity forming layer 3
having a common reservoir 31 and individual ink chambers 32;
and an elastic plate 4 elastically deforming so as to apply
pressure to ink contained in each ink chamber 32. fhe cavity
forming substrate 1 is bonded to the top surface of a head
frame 6 in place.

A top end of a piezoelectric vibrating elemgnt 7 is
bonded to the elastic plate 4 with the base end thereof
supported by a fixed piate 8. The piezoelectric vibrating
element 7 is longitudinally contracted and expanded by an
alternating electric field applied through a wiring pattern
81 and a lead frame 82, both mounted on the fixed plate 8, to
deform the elastic plate 4. As a reéult, the ink contained
in each ink chamber is pressured to be jetted out in the form

of an ink droplet from the corresponding nozzle 21.

_
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..-‘?‘.-J‘?Qﬂ,t?'- 2J/cnerr], or nore preferably, 53/cnferr] is injected
sk Merr] to form hardened portions 52C, so that the

enti form ng portion that excludes a portion around the
in Feservoir 31, and an ink supply portion 34 connecting
the D the reser- voir 31 (FIGS. 3 and 4) is forned into a
hagd PC. The hardened_p6ﬁfion is provided so that the

The method of preparing the cavity forming substrate 1 will be
described with reference to Figures 1 and 2.

Figures l(a) to 1(g) show the steps of preparing a part or
substructure 23 of the cavity forming layer 3 formed on the
side of the nozzle plate 2. A dry film photoresist 51 of,
e.g., a negativély photosensitive epoxy acrylate is laminated
on an inner surface, or a cavity forming surface, of the
nozzle plate 2 shown in Figure l(a), by heating or applying
pressure. The dry £ilm photoresist 51 is not £luid but
‘adhesive, so that the dry film photoresist 51 can be bonded
easily by merely applying a small external force to the nozzle
plate 2 (Figure 1l(b)).

Then, a photomask Ml is positioned thereon so as to match
either a‘ not shown positioning pattern formed on the nozzle
platé 2 or the nozzle 21. The photomask M1 has preformed
opaque patterns a and b so that a flow path 33 and the
reservoir 31 that communicates with the nozzle 21 will later
be formed thereon as shown in Figure 3.

As shown in Figure l(c), when light is injected onto the dry
film photoresist 51 from over the photomask Ml as parallel
rays in such an amount as not to harden the photoresist, e.g.,
about 90 mJ/cm?, the flow path 33 and the reservoir 31 remain
on the surface of the dry film photoresist 51 as unexposed
portions 51A that correspond to the opaque portions a, b,
whereas the other portions corresponding to transparent.
portions ¢ of the mask are left half-hardened; i.e., the

portions underlying c

\
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eformed by pressure applied at the tinme of
ayer 43 is forned by a process shown in FIGS.
| ate 4 used in this enbodinent is a netal

f 5 [err]mor |ess prepared by nickel
otforesi st 59yLs first lam nated on a surface
“plate 4, i.e. . 4 sur-

cavity forni REPbAGEMENrsSH]
bondi ng. Alc orm ng
2(a) to 2(g). T@s R996
thin plate hgvilng a t I cknes
el ectrof orm ng.
of the el asti

bécome‘half-hardened portions 51B that are insoluble to a
solvent but are adhesive.

In the above-mentioned embodiment, a light energy is
used to provide the half-hardened portions. However, any
other energy which'activates a photosensitive resin such as
an electron beam may be used instead of the light energy.

A laminated body of a predetermined thickness having
both the unexposed portions 51A and the half-hardened
portions 51B is formed on the surface of the nozzle plate 2.
by repeating such lamination of the dry film photoresist 51
and exposure (Figure l(dj). Then, the unexposed portions 51A
are removed from the laminated body made of films of dry film
photoresist 51 using a solvent such as tfichloroethane

- (Figure l(e)).

As a next step, a dry film photoresist 52 far forming
an ink chamber is laminated on the thus processed laminated
body, and the ink chamber 32 is formed by the steps of
similarly exposing the dry film photoresist 52 while
positioning thereon a not shown transparent photomask having
an opaque pattern corresponding to the ink chamber 32 and
then removing the unexposed portion 52A (Figure l(f));

As the last étep, part of the laminated body having
both dry film photoresists 51 and 52 is subjected to

. secondary exposure so that such part can be hardened. 1In
this exposure, a photomask M3 having an opaque pattern d for

masking a portion slightly larger than the unexposed portions

\
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face to
The dry fi
51, 52 ar-
phot osensi

met hod mayi{b

ME%BﬁﬁTdﬁﬁﬁﬂf pi ezoel ectric brating elenment 7 is bonded.

ifs of the sane type as the dry film photoresists
' of the nozzle plate 2. A coating of a liquid
by the spinner nmethod or the roll coating
~the dry film photoresist.

. -8..

51A and 52A is used as shown in Figure 1(g). Light whose
energy is large enough to harden the half-hardened dry film
photoresist portions 51B, 51B, e.g., about 2J/cm2, or more
preferably, 53/cm? is injected from above the photomask M3 to
form hardened portions 51C, so that the entire part of a wall
forming portion that excludes a portion around the ink chamber
32, the reservoir 31, and an ink supply portion 34 connecting
the ink chamber 32 to the reservoir 31 (Figures 3 and 4) is
formed into a hardened portion 51C. The hardened portiori is
provided so that the cavity forming layer 3 ié not deformed by
pressure applied at the time of bonding.

A further part or substructure 43 of the cavity forming layer
3 and an insulating layer 42 are formed on the elastic plate 4
by a process shown in Figures 2(a) to 2(g).

The elastic plate 4 used in this eﬁbodiment is a metal thin
plate having a thickness of 5 um or less prepared by nickel
electroforming. A dry £ilm photoresist 59 is first-laminated
on a surface of the elastic plate 4, i.e., a surface to which
the end of the piezoelectric vibrating element 7 is bonded.
The dry £film photoresist 59 is of the same type as the dry
film photoresists 51, 52 arranged on the side of the nozzle
plate 2. A coating of a liquid photosensitive resin applied by
the spinner method or the roll coating method may be used
instead of the dry f£ilm photoresist.

The dry film photoresist 59 is exposed with a photomask placed
thereon, and then developed to form such an

This Sheet Hag
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insulating layer 42 as shown in Figure 2{(c). Although not
shown, the photomask employed in this process has a ring-like
-opaque pattern slightly narrower than the ink chamber 32 but
slightly larger than the section of the piezoelectric
vibrating element 7. Accordingly, an island-like thick
portion 44 is forméd in the middle through a ring-like thin
portion 45 on the surface of the elastic plate 4 from which
the ring-like unexposed portion has been removed by the post-
exposure developing process. The portion 44 comes in contact
with the piezoelecﬁric vibrating element 7.

Then, a dry film photoresist 55 of the same.type as
the dry f£ilm photoresists 51 and 52 arranged on the nozzle
plate 2 is laminated on the back of the elastic plate 4 while
inverting the elastic plate 4. As shown in Figure Z(d), a
photomask M5 having an opaque pattern £ for forming an ink
chamber 32, a reservoir 31, and an ink supply portion 34 is
put in place, and light having energy large enough to harden
the dry film photoresist 55, i.e., about 5J/cm? is irradiated
thereto to form a hardened portion 55B on the dry film
photoresist 55, the hardened portion being around these
portidns 32, 31 and 34.

The dry film photoresist 55 which is on the unexposed
portion 55A is removed by a solvent (Figure 2(e)); a dry film
photoresist 56 is laminated thereon, and is exposed and
developed using a not shown photomask having an opague

pattern which corresponds to the ink chamber 32 and the

\
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t her eon,

FIG 2(c).
ring-like opaqug

The dry fi =5t 59 i s exposed with a photos mask pl aced
and : &

ormsuch a insulating |ayer 42 as shown in
he phot omask enployed in this process has a

pgttgé‘g@éégt y narrower than the ink

-10-

Al

reservoir 31 and which excludes the ink supply portion 34
(Figure 2(f)); and as the last step, the entire part of the
dry film photoresists 55 and 56 are subjected to secondary
exposure and then heated so that the dry film photores:.sts 55
and 56 are hardened.

The cavity forming part 23 of layer 3 on the side of the
nozzle plate 2 and the cavity forming part 43 of layer 3 on
the side of the elastic plate 4, which further carries
insulating layer 42 and which have been formed in the above-
mentioned processes, are bonded together by preésure.

As shown in Figure 3 both are bonded integrally with each
other, i.e., the cavity forming part 23 on the nozzle plate 2
side is bonded onto the surface of the cavity forming part 43 .
on the elastic plate 4 side, whereby as area 51C of Fig. 1 is
not being deformed, portion 5C in Fig. 3 which is around the_
ink chamber is not being deformed either because it has been
hardened by the secondary exposure, while portion 5B of part
23 in Fig. 3, corresponding to portion 51B in Fig. 1, remains
half-hardened. ' |

This embodiment is characterized as bonding the cavity forming
part 23 on the side of nozzle plate 2 to the cavity forming
part 43 on the side of the elastic plate 4 while leaving the
portion around the ink chamber 32 of the cavity forming part
23 not subjected to secondary exposure. As the gap between
adjacent ink chambers is narrowed in order to arrange the
nozzles in a higher density, preferably as shown in Fig. 5,
columnar hardened portions 5C’ are formed by subjecting
portions near a relatively large bonding portion 35 around the
reservoir 31, as well as the ink supply portion 34 and the
like requiring

—_—
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chanber

32 but )
vi brating el engnt e
fornmed in the
the elastic pl
removed by the jpdst-exposure dgve
contact with the pi-'ezoelectrlc

flan t he section of the piezoelectric
4 an is- land-like thick portion 44 is
ijng-li ke thin portion 45 on the surface of
hitHe ring-like unexposed por- tion has been
| opi ng ‘process. The portion 44 cones in
vi brating el enment 7.

ile to spot-like secondary exposure.
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high accura

' These hardened portions 5C'are utilized
to prevent the ink chambers 32 and the like from being

deformed.

In this embodiment, lightened portions 36 are formed
in the relatively large bonding portion 35 that suirounds the
reservoir 31, particularly, portions not affecting the

function of the ink jet head, out of the cavity forming

parts 23, 43 which are formed on the nozzle plate 2 and the

elastic plate 4, respectively, as shown in Figure 5. Such
lighteﬁed.portions are provided to keep the bonding surface
area from being partially inconsistent. This arrangement
obviates inconveniences that the nozzle plate 2 and the .
elastic plate 4 are bent due to the soft dry film photoresist
5 on the half-hardened portion 5B inconsistently affecting
part of the nozzle plate 2 and the elastic plate 4 or that
the bonded surface is separated due to inconsistent heating
at the time of bonding.

Further, to form a so-called edge type cavity forming'
substrate in which the axis of a nozzle 21 runs in parallel
to the plane of the substrate 1 as shown in Figure 6, a
sidewall portion 37 of the nozzle 21 and of the ink supply
portion 34 and a portion around such sidewall 37 are
subjected to secondary e#posure.

Stiil further, to form a cavity forming substrate 1

such as shown in Figure 7, i.e., a cavity forming substrate

This SheetlillailllBeenllrilaced




Then, a dry
photoreS|st
back of the
in FIG 2(d
chanber 32,

55,

REP@AEEWE%@%SHEEB of the same type as the dry film
on the nozzle plate 2 is |am nated on the
wh le inverting the elastic plate 4, As shown
) hjpvi ng an opaque pattern f for formng an ink
~bngd an ink gupply portion 34 is put in place,
ayi ng en enough to harden the dry fil m photoresist

a reservoir 31 arranged at both ends thereof through ink
supply paths 34 having no constriction, the following steps
will be taken. First a sidewall portion 37 defining the ink
chamber 32 on the side of the elastic piate 4 is formed so as
to be half-hardened. Then, a columnar hardened portion sc!is
formed by subjecting the sidewall portion 37 to spot-like
secondary exposure. The thué formed sidewall portion 37 is
further bonded by a half-hardened portion SB to a not shown
nozzle plate placed thereon énd then heated for hardening.

Still furthef, in the case of a cavity forming
substrate 1 having a heating element 38 such as shown in
Figure.s, an ink chamber 32 and a nozzle 21, which are half-
hardened, are first formed on a substrate made of glass or
silicon with the heating element 38 mounted thereon. A
sidewall portion 37 excluding a portion around the ink
chamber 32 is then subjected to secondary exposure for
hardening.

Figure 9 shows another embodiment of the invention, .
particularly, the process of secondary exposure to be
effected on the dry film photoresists 51 and 52 on the half-
hardened portion 5B formed on the nozzle plate 2.

In this embodiment, the description of the steps
corresponding to those shown in Figures 1(a) to 1(f) will be
omitted since they have been already described with reference

to Figures l1(a) to 1(f). That is, these are the steps of
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formiﬁg the ink chamber 32, the reservoir 31, the flow path

33, and the like by repeating the process of laminating the

dry f£ilm photoresists 51, 52 on the nozzle plate 2 and

subjecting the laminated photoresists to such exposure as not

to harden the photoresists and to development.

The half-hardened portion 5B/ corresponding to portion S1B of

Fig. 1 out of the thus formed layers of dry film photoresists 51, 52 are then to be

subjected to secondafy exposure. To do so, a photomask M6

having an opaque pattern g/as a portion exciuding a

transparent portion flthat is slightly larger than the ink

- chamber 32 as shown in Figure 9(b) is used. This opague

pattern g'is positioned on the layers of dry film

photoresists 51, 52.

Then, parallel rays of light whose

energy is sufficient for hardening, i.e., from 2J/cm? to

5J/cm?2, are irradiated thereto.

Accordingly, as shown in Figure 10, the films of dry

film photoresists 51 and 52 are processed so that only a

sidewall portion 39 surrounding the ink chamber 32 and the

ink supply portion 34 is formed into a hardened portion 5C‘

Thus, by bonding this cavity forming part

23 to a

not shown cavity forming pmﬁ:'43 on the elastic plate 4 by

pressﬁre, both parts 23 and 43 are bonded together by an

adhesive force provided by the half-hardened portion sB/with

the boundaries of the ink chambers 32 and the ink supply

portion 34 maintained by the sidewall portion 39.

As the

final step, the entire part of the bonded layers is subjected
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havi ng an opag|

reservoir

. as the last st¢
are subjected {
phot oesi sts 55

fﬂugcorresonds to the ink chanber 32 and the
keSS 1 he ink supply portion 34 (FIG 2(f)); and
rT of the dry film photoresists 55 and 56

31 a

ahd 56 are hardened.  Thelfavity forming | ayer 23 on the

side of the nozzle plrate 2 and tbe cavity formng layer 43 on the side

of t he

to a hardening proces; by heating so as to form an integral
body.

Figure 11 islan embodiment characterized as
controlling deformation of the ink supply portion 34 that
requires a particularly stringent accuracy in profile. Such
control is accomplished by subjecting the sidewall portion 39
of the ink supply portion 34 to secondary exposure by the
above-mentioned method so that such sidewall portion can be
formed into a hardened portion SC{

Figure 12 is an embodiment characterized as further
reinforming the sidewall portion 39 by forming an indented
hardenéd portion 5¢! around both the ink chamber 32 and the
ink supply portion 34 by the above-mentioned method.

Further, with respect to a cavity forming substrate 1
such as shown in Figure 13, i.e., a cavity forming substrate
1 of such a type that ink is supplied to an ink chamber 32
from a reservoir 31 arrapged at both ends thereof through ink
supply portions 34 that have no constriction, a peripheral
portion of a sidewall portion. 37 that defines the ink chamber
32 and the ink supply portions 34 is hardened by the above-
mentioned method in such a manner that such peripheral
portion surrounds the sidewall portion 37.

Still further, this last embodiment is applicable to
a cavity forming substrate of a so-cailed edge type in which
the axis of a nozzle runs in parallel to the plane of the

substrate 1 or to a cavity forming substrate of a so-called

\\
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elastic plate ¥\ Nﬁ%ﬂhﬁ_ n formed in the above- nentioned processes,
are bonded togkther by pressurie fThen, as shown in FIG 3, both are bonded
integrally wt aghe GHRP99¢ tih it he cavity formng | ayer 23 on the nozzle
plate 2 side nptjbeing deformed jpby the portion SC which is around the ink
chanber and whi ck~kas—been har'deined by the sgegendary exposure and with the
hal f - hardened portion 5B being_bpnded onto the surface

R p0 o rorRAL

bubble type in which a heating element is arranged in a flow

path immediately before a nozzle, so that the sidewall of the
ink chamber and of the nozzle can be hardened by secondary

exposure.
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plate 4 side, Thi s

of the cavit; o 44 on the elastic
embodi ment i W bondi ng the cavity form ng ”mmmﬁﬁl'lﬂmnﬁ"l

side of nozz|elplate 2 to
06 SEP 1996
-16-
CLAIMS -
1. A method of manufacturing an ink jet head, comprising

the steps of:

laminating a photohardening resin at least on one of
substrates;

first exposing and then developing said
photohardening resin by activation energy rays having such
energy-as to half-harden said photohardening resin; '

forming a cavity required for jetting ink;

secondarily exposing a part of said photohardening
resin to harden such part by activation energy rays having
energy necessary for hardening; and |

bonding the other substrate to the bonding surface of
said photohardehing resin for ihtegration.
2. A method of manufacturing an ink jet head according
to claim 1, further comprising the step of first exposing and
then developing said photohardening resin using a mask having
such a pattern that no partial inconsistency in the area of
the cavity forming.surface occurs.
3. A method of manufacturing an iﬁk jet head according
to claim 1 or 2;furthexr compfising the step of secondarily
exposing a periéheral portion excluding at least a portion
near an ink flow path so that thé peripheral portion is |
hardened.
4.. - A method of manufacturing an ink jet head according

to any one of claims 1 to 3 further camwprising the step of secondarily

—_—
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exposiﬁg at least a peripheral portion around an ink flow

path so that the peripheral portion is hardened.

5. A methoq of manufacturing an ink jet head according

to any one of the preceding claims, further comprising the step of secondarily
exposing a portion around an ink flow path so that said

portion is hardened in indented form.

6. A method of manufacturing an ink jetlhead according

to any one of the preceding claims, further comprising the step of secondarily
exposing a portion around an ink supply portion connecting an
ink reservoir to an ink chamber so that said portion is

hardened. |

7. A method of manufacturing an ink jet head according

to any one of the preceding claims, further comprising the step of secondarily
exposiﬁg a portion around a wall defining an ink flow path so

that said portion is hardened.
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the cavity I QL on the side of the elastic plate 4 while

| eaving th i ) he ink cham -.ber:32 of the cavity formng | ayer
23 not subjepted to secondarly exposure. As the gap.between adjacent ink
chanbers ik haQ&8EP 19960r{ddr to arrange the nozzles-in a higher density,
col umar hprfdened portions| 5C are fornmed by subjecting portions near a
relativel y}l narng portion 35 ard8md the reservoir 31, as well as

METHOD OF MANUFACTURING INK JET HEAD

ABSTRACT

.A method of manufacturing an ink jet head comprising
the steps of: laminating a dry film photoresist (Sl)on an
inner surface of a nozzle plate(z), the dry film photoresist
being a photohardening resin; exposing the photoresist(Sl)
with such energy as tb half-harden the photoresist while
superposing thereon a photomask(Mi)having a predetermined
masking pattern; developing the thus exposed photoresi'st_(Sl);
laminating a photoresist (52); secbndari'ly exposing the
photoresists (51), (52) to form a partially hardened portion( 51C);
.bonding an elastic plate on the portion (Slc);and integrating

the bonded plates while hardening them by heating.

FIGURE 1(a) TO 1(g)
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This Been i




t he ink supply
to spot-like s¢g
portions SC ar ¢
bei ng def or ned.

ﬁﬁﬁlﬂ%ﬁ%ﬁﬂWﬁ i ke requiring high accuracy in profile

the relatively

C ndéry exposurd gs shown in FIG 5. These hardened
06 iSEPigog Hr gvent the ink chanbers 32 and the like from
In th|s enbdijmgnt, |ightened portions 36 are formed in
rtii on 35 that surrounds the reservoir 31,

particul arly, pprtlons not affectfing the-1-
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function of
are forned

shown in FI|G

surface area

i ncoveni encies

f

wal'e

TS

ont of the cavity formng |layers 23,43 which
2 and the elastic plate 4, respectively, as
gg?‘bbg ered portions are provided to keep the bond- ing
Mtijal |y i nconsi stent This arrangenent obviates
plate 2 and the elastic plate 4 are bent due

t hat _the nozdl ¢
+ to the softidry film photorﬁi st 5 an tRBe hal f-hardened portion 5B in-

FIG. 2 a

FIG. 2b

FIG. 2c

FIG.

FIG.

FIG. 2
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substrate i

t he substr atje
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the nozzle plate 2 and the elastic plate 4
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subj ected to secondary exposurg, Still further, to forma cavity form ng
substrate | syth=as ‘shown in El 7, ie., acavity formng substrate of
such a type t Heifty ed to an ink chanber 32 froma reservoir 31
arranged at bdth ends thereof {t ir ough i nk supply paths 34 having no
constriction, SER 1996stleds will be taken. Frst a side wall portion
37 defining th n the side_gf the elastic

FIG 5

35 5C’ 36
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ihal f - hardened. Then, a col umar har dened
ting the sidewall portion 37 to spot-Ilike

=y

plate 4 is f} ™

portion 5C i ‘?sﬁ pidd
secondary The it hus forned sijdgwal | portion 37 is further bonded
: 06 SEP 1996
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by a half- harden iedpre et 10 A not shown nozzle pllate pl aced t hereon
&t ACEN S 2 Still further, in the case of acawty
e e—=t—traVT NQ| a} heat i ng el ement 38 such as shown i FIG 8,

an i nk chamje lev
forrred on as bsé&agéﬁgw | d
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silicon with the heatng..glenment 38 nounted ¢ hereon. A sidewall portion 37
excl udi ng f Q gmﬁhe I nk chanber 32 is then subjected to
EA l‘!E';rcening FIG 9 shows a second enbodi nent of

secondary
the process of secondary exposure to be

t he inventjy gn, parti cul al}y,
ef fected h@ 6ISEP 199 dhat oresi sts 51 and 52 on the hal f - hardened
portion 5B fprmed on the nozzle plate 2.
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METHOD OF MANUFACTURING INK JET HEAD

' BACKGROUND OF THE INVENTION

- 1. Field of the Invention :

The invention relates to a method of manufacturing
ink jet heads used in ink jet printers.

2. Related Art

A method of forming a head using a photohardening
resin is disclosed in Ja Patent Examined Publica-
tion No. 42670/1990. The head is used in a so-called ink
jet printer in which ink portions contained in indepen-
dently arranged ink chambers are selectively pressured
to form ink droplets, whxchatethenjettedoutofcorre-
sponding nozzles.

The disclosed method involves the steps of: exposing
and developing a photohardening resin laminated on a
substrate to form ink chambers and ink flow paths
ﬂxmmuyandthulbammngaxmmﬂc;mWeﬂnneqnvuﬂ:
an-adhesive.

- However, uniform application of the adhesive on the
bonding surface having the ink chambers and the ink
flow paths is so difficult that some of the adhesive is
forced ont into the small ink flow paths to block the
jetting of ink droplets. In addition, adhesion is not
strong enough due to-the adhesive not being applied
thick enough, or pressure leaks occur to adjacent ink
chambers. ‘

SUMMARY OF THE INVENTION

The invention has been made in view of the above
circumstances. Accordingly, an object of the invention
is to provide 2 method of manufacturing an ink jet head
for an ink jet printer, the method being characterized as
forming a cavity forming substrate that has a retnforced
portion and a bonding portion by the process of expos-
umgandtknm&unnga:phouﬂnudamng:emn.11uu1&11
laminated film of a photohardening resin is first exposed
on a substrate so as to be half hardened, and then devel-
oped to form predetermined ink chambers and ink flow
paths thereon. Successively, the bonding surface of the
thusprocssedsubsuatemsubjectedtosecondaryexpo-
sure to locally form a hardened portion. With the pro-
file of the cavity forming layer maintained by this hard-

ened portion, theothersubstratexsmtegmllybonded
thereon by the half-hardened photohardemng resin
portion.
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to sSuch exposure as not to harden the photoresists and to devel opnent

The hal f-hardened portion 5B out of the thus forned |ayers of dry film
photoresists 51, 52 are then to be subjected to secondary exposure To do
so, a photo. mask M6 having an opaque pattern g as a portion ex- cluding a
transparent portion f that is slightly larger than the ink chanber 32 as
showmn in FIG 9(b) is used.’

-2-

Another object of the invention is to provide a
method characterized as preventing leakage of ink and
pressure from the ink chambers and the like. That is, 2
peripheral portion around each ink chamber and each
ink flow path, the peripheral portion excluding a por-
tion near them, is subjected to secondary exposure 50
that the peripheral portion can be hardened. While
preventing deformation of the ink chamber and the ink
flow path by the hardened portion, the peripheral por-
tion around the ink chamber and the ink flow path is
bonded surely by the half-hardened resin portion near
them.

Still another object of the invention is to provide 2
method characterized as forming a rigid wall by sec-
ondary exposure of the portion around each ink cham-
ber and each ink flow path in order to improve the
accuracy in forming the ink chamber and the ink flow
path. .

Still another object of the invention is to provxdf: a
method characterized as achieving consistent bonding
by eliminating partial inconsistency in the arca of the
bonding surface as well as deformation of the substrate
which occurs during the forming process.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) to 1(g) are diagrams showing the steps of
forming a cavity forming layer on the side of 2 nozzle
plate, which is an embodiment of the invention;

FIGS. 2(a) to 2(g) are diagrams showing the steps of
.forming a cavity forming layer on the side of an elastic

plate in the above embodiment; .
FIG. 3 is a sectional view showing an integrally
bonded cavity forming substrate;

FIG. 4 is a plan view showing a part of the bonding
surface of an ink jet head in enlarged form;

FI(?r:Sisaplan\riewsho“&ngtheentirepartofthe
bonding surface; . ]

FIG. 6 is a plan view showing a part of a bonding
surface of an ink jet head of another type in enlarged
form: el )

FIG. 7 is a perspective view showing a part of a 1

_ bonding surface of an ink jet head of still another typein |REPLACEMENT SHEE']
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Thi's opaque pattern g is positioned on the layers of dry film photoresists

51, 52. Then,
har deni ng,

52 are processed so that only a sidewall

paral | el
e.,

rays of |light whose energy is sufficient for

from2J/cnferr] to 5J/cnferr], are irradi ated thereto.
Accordingly, as shown in FIG 10 the films of dry filmphotoresists 51 and

portion 39 surrounding the ink

chanber 32 and the ink supply portion 34 is forned into a hardened

-3 -

enlarged form;
FIG. SSaplanvxewshowmgapartofabondmg
surface of an ink jet head of still another type in en-

larged form;

FIGS. 9(a) and 9(p) are diagrams showing a part of a
formmg process, which is another embodiment of the
invention;

FIG. 10 is a plan view showing a part of a bonding
surface obtained by the process shown in FIGS. 9(a)
and 9(b) in enlarged form;

FIG. 11 is a plan view showing a part of a bonded
'ts_urfaceofan ink jet head of another type in enlarged

orn;

FIG. 12 is a plan view showing a part of a bonding
surface of an ink jet head of still another type in en-
larged form;

FIG. 13 is a perspective view showing a part of a
bondmgsmfaceofanmk_]etheadofsullanothertypem
enlarge form; and :

FIG. 14 is a diagram showing an example of an ink jet
head having a cavity type substrate formed by a method
of the invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Embodiments of the invention will now be described
with reference to the accompanying drawings. _
FIGS. 1 and 2 show a method of manufacturing a
cavity fom&gwm constituting a piezoelectric ink
Jjet head, which is an embodiment of the invention. FIG.
14 shows an ink jet head having a cavity forming sub-
stmtt:’grepared by the above-mentioned manufacturing
- An ink jet head using this substrate will be described
briefly with reference to FIG. 14.
A cavity forming substrate 1 includes: a nozzle plate
2 baving a plurality of nozzles 21; a cavity forming layer

-~ 3 having a common reservoir 31 and individual ink

chambers 32; and an elastic plate 4 elastically deforming
soastoapplyprmuretomkcontamedmeachmk
chamber 32. The cavity forming substrate 1 is bonded to
the top surface of a head frame 6.

A top end of a piezoelectric vibrating element 7 is
bonded to the elastic plate 4 with the base end thereof
supported by a fixed plate 8. The piezoelectric vibrating
element 7 is longitudinally contracted and expanded by
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portion 5C. Thus, by bonding this cavity formng |layer 23 to a not' shown
cavity formng layer 43 on the elastic plate 4 by pressure both |ayers 23
and 43 are bonded together by an adhesive force provided by the

hal f - hardened por. tion 5B with the boundaries of the ink chanbers 32 and
the ink supply portion 34 maintained by the sidewall

-4 -

an alternating electric field applied through a wiring
pattern 81 and’ a lead frame 82, both mounted on the
fixed plate 8, to deform the elastic plate 4. As a result,
theinkcnnnﬁnedbueachidkchanﬂxxispnamunaluabe
jetted out in the form of an ink droplet from the corre-
sponding nozzle 21.

The method of preparing the cavity forming sub-
strate 1 will be described with reference to FIGS. 1 and
2. .

FIGS. 1(g) to 1(g) show the steps of preparing a cav-
ity forming layer 23 on the side of the nozzle plate 2. A
dry film photoresist 51 of, e.g., a negatwely photosensi-
tive epoxy acrylate is laminated on an inner surface, or
'a cavity forming surface, of the nozzle plate 2 shown in
FIG. 1(a), by heating or applying pressure. The dry film
photoresist 51 is not fluid but adhesive, so that the dry
film photoresist 51 can be bonded easily by merely
applying a small external force to the nozzie plate 2
(FIG. 1(5)).

_-'Then, a photomask M1 is positioned thereon so as to
match either a not shown positioning pattern formed on
the nozzle plate 2 or the nozzle 21. The photomask M1

'has preformed opaque patterns a and b so that a flow
.path 33 and the reservoir 31 that communicates with the
nozzle 21 will later be fonned thereon as shown in FIG.
3.

As shown in FIG. 1(¢), when light is injected onto the

- dry film photoresist 51 from over the photomask M1 as
parallel rays in such an amount as not to harden the
photoresist, e.g., about 90 mJ/cm?, the flow path 33 and
the reservoir 31 remain on the surface of the dry film
photoresist 51 as unexposed portions 51A that corre-
spond to the opaque portions a, b, whereas the other
transparent portions ¢ are left half-hardened; ie., the
portions ¢ become half-hardened portions S1B that are
insoluble to a solvent but are adhesive.

In the above-mentioned embodiment, a light energy
.is used to provide the half-hardened portions. However,
any other energy which activates a photosensitive resin
such as an electron beam may be used instead of the
light energy.

- A laminated body of a pmdetcrmmed thickness hav-
ing both the unexposed portions 51A and the half-hard-
ened portions 51B is formed on the surface of the nozzle
plate 2 by repeating such lamination of the dry film
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photoresist 51 and exposure (FIG. 1(d)). Then, the un-
exposed portions S1A are removed from the laminated
body made of films of dry film photoresist 51 using a
solvent such as trichloroethane (FIG. 1(¢))

As a next step, a dry film photoresist 52 for forming
an ink chamber is laminated on the thus processed lami-
nated body, and the ink chamber 32 is formed by the
steps of similarly exposing the dry film photoresist 52
while positioning thereon a not shown transparent pho-
tomask having an opaque pattern corresponding to the
ink chamber 32 and then removing the unexposed por-
tion 52A (FIG. 1(f)).

As the last step, part of the laminated body having
both dry film photoresists 51 and 52 is subjected to
secondary exposure so that such part can be hardened.
In this exposure, a photomask M3 having an opaque
pattern d for masking a portion slightly larger than the
unexposedportxonsSlAandSZA:susedasshownm
FIG. 1(g). Light whose energy is large enough to
harden the half-hardened dry film photoresist portions
51B, 51IB, e.g., about 2J/cm2Z, or more preferably,
- 5J/cm? is injected from above the photomask M3 to
form hardened portions $§2C, so that the entire part of a
wall forming portion that excludes a portion around the
ink chamber 32, the reservoir 31, and an ink supply
portion 34 connecting the ink chamber 32 to the reser-
voir 31 (FIGS. 3 and 4) is formed into a bardened por-
tion 52C. The hardened portion is provided so that the
cavity forming layer 3 is not deformed by pressure
applied at the time of bonding.

A cavity forming layer 43 is formed by a process
shown in FIGS. 2(a) to 2(g). e

The elastic plate 4 used in this embodiment is a metal .
thin plate having a thickness of § um or less prepared by
nickel electroforming. A dry film photoresist 59 is first
laminated on a surface of the elastic plate 4, i.e., a sur-
face to which the end of the piezoelectric vibrating: -
element 7 is bonded. The dry film photoresist 59 is of-
the same type as the dry film photoresists 51, 52 ar-
ranged on the side of the nozzle plate 2. A. coating of a
liguid photosensitive resin applied by the spimmer -
method or the roll coating method may be used mstead
of the dry film phctoresist.
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I S subjected to a hardeni ng process by
FIG 11 is an enbodi ment characterized as_control-

body.

portion 39. As the final step, the entire part of the
heating so as to forman integral

-6 -

The dry film photoresist 59 is exposed with 2 photo-
mask placed thereon, and then developed to form such
an insulating layer 42 as shown in FIG. 2(c). Although
not shown, the photomask employed in this process bas
a ring-like opaque pattern slightly narrower than the ink
chamber 32 but slightly larger than the section of the
piezoelectric vibrating element 7. Accordingly, an is-
land-like thick portion 44 is formed in the middle
through a ring-like thin portion 45 on the surface of the
elastic plate 4 from which the ring-like unexposed por-
tion has been removed by the post-exposure developing
process. The portion 44 comes in contact with the pi-
ezoelectric vibrating element 7.

Then, a dry film photoresist 55 of the same type as the
dry film photoresists 51 and 52 arranged on the nozzle
plate 2 is laminated on the back of the elastic plate 4
while inverting the elastic plate 4. As shown in FIG.
2(d), a photomask MS5 having an opaque pattern f for
forming an ink chamber 32, a reservoir 31, and an ink
supply portion 34 is put in place, and light having en-
ergy large enough to harden the dry film photoresist 55,
ie., about 5J/cm? is irradiated thereto to form 2 hard-
ened portion S5B on the dry film photoresist 55, .the
hardened portion being around these portions 32, 31
and 34.

The dry film photoresist 55 which is on the unex-
posed portion 55A is removed by a solvent (FIG. 2(e));
a dry film photoresist §6 is laminated thereon, and is
exposed and developed using a not shown photomask
having an opaque pattern which corresponds to the ink
chamber 32 and the reservoir 31 and which excludes the
ink supply portion 34 (FIG. 2(/)); and as the last step,
the entire part of the dry film photoresists 55 and 56 are
subjected to secondary exposure and then heated so that
the dry film photoresists 55 and 56 are hardened.

The cavity forming layer 23 on the side of the nozzle

- plate 2 and the cavity forming layer 43 on the side of the

elastic plate 4, both having been formed in the above-
mentioned processes, are bonded together by pressure.
Then, as shown in FIG. 3, both are bonded integrally
with each other with the cavity forming layer 23 on the
nozzle plate 2 side not being deformed by the portion
SC which is around the ink chamber and which bas
been hardened by the secondary exposure and with the
half-hardened portion 5B being bonded onto the surface
of the cavity forming layer 43 on the elastic plate 4 side.

This embodiment is characterized as bonding the
cavity forming layer 23 on the side of nozzle plate 2 to

bonded | ayers
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ling.defornation of the ink supply portion 34 that re- quires a

particularly stringent accuracy in profile.

Such control is acconplished by

subj ecting the sidewall por- tion 39 of the ink supply portion 34 to
secondary expo- Sure by the above-nentioned nmethod so that such side wall
portion can be formed into a hardened portion 5C FIG 12 is an

enbodi nent characterized as further relnforn1ng t he sidewal |

formng an in-

-7~

the cavity forming layer 43 on the side of the elastic
plate 4 while Jeaving the portion around the ink cham-
ber 32 of the cavity forming layer 23 not subjected to
secondary exposure. As the gap between adjacent ink
chambers is narrowed in order to arrange the nozzles in
a higher density, columnar hardened portions 5C are
formed by subjecting portions near a relatively large
bonding portion 35 around the reservoir 31, as well as
the ink supply portion 34 and the like requiring high
accuracy in profile to spot-like secondary exposure as

_shown in FIG. 5. These hardened portions 5C are uti-

lized to prevent the ink chambers 32 and the like from
being deformed.

In this embodiment, lightened portions 36 are formed
in the relatively large bonding portion 35 that surrounds
the reservoir 31, particularly, portions not affecting the
function of the ink jet head, out of the cavity forming
layers 23, 43 which are formed on the nozzle plate 2 and

“the elastic plate 4, respectively, as shown in FIG. §.

Such lightened portions are provided to keep the bond-
ing surface area from being partially inconsistent. This
arrangement obviates inconveniences that the nozzle

' plate 2 and the elastic plate 4 are bent due to the soft dry

film photoresist 5 on the half-hardened portion 5B in-
consistently affecting part of the nozzle plate 2 and the

. elastic plate 4 or that the bonded surface is separated

due to inconsistent heating at the time of bonding.
Further, to form a so-called edge type cavity forming
substrate in which the axis of a nozzle 21 runs in parallel
to the plane of the substrate 1 as shown in FIG. 6, a
sidewall portion 37 of the nozzle 21 and of the ink sup-
ply portion 34 and 2 portion around such sidewall 37 are
subjected to secondary exposure.
Stillmrther,toformacavityformingsnbstratelsuch
as shown in FIG. 7, ie., a cavity forming substrate of
suchatypethatmk:ssupphedtoanmkchambersz
from a reservoir 31 arranged at both ends thereof
through mksupplypathssl.havmg no constriction, the
following steps-will be taken. First a sidewall portion 37
defining the ink chamber 32 on the side of the elastic

plate 4 is formed so as to be half-hardened. Then, a

columnar hardened portion 5C is formed by subjecting

portion 39 by

the sidewall portion 37 to spot-like secondary
The thus formed sidewall portion 37 is further b
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dent ed hardened portion 5C around both the ink cham ber 32 and the ink
supply portion 34 by the above-nen- tioned nethod. Further, wth respect
to a cavity form ng substrate 1 such as shown in FIG 13, i.e., a cavity
form ng sub- state 1 of such a type that ink is supplied to an ink chanber
32 froma reservoir 31 arranged at both ends thereof through ink supply
portions 34 that have no- o

-8 ~

by a half-hardened portion 5B to a not shown nozzle
plate placed thereon and then heated for hardening.

. Still further, in the case of a cavity forming substrate
1having a heating element 38 such as shown in FIG. 8,
an ink chamber 32 and a nozzle 21, which are half-hard-
ened, are first formed on a substrate made of glass or
sificon with the heating element 38 mounted thereon. A
sidewall portion 37 excluding a portion around the ink
chamber 32 is then subjected to secondary exposure for
hardening,.

FIG. 9 shows a second embodiment of the invention,
particularly, the process of secondary exposure to be
effected on the dry film photoresists 51 and 52 on the
half-hardened portion 5B formed on the nozzie plate 2.

In this embodiment, the description of the steps cor-
responding to those shown in FIGS. 1(g) to 1(f) will be
omitted since they have been already described with
reference to FIGS. 1(a) to 1(f). That is, these are the
steps of forming the ink chamber 32, the reservoir 31,
the flow path 33, and the like by repeating the process
of laminating the dry film photoresists 51, 52 on the
nozzle plate 2 and subjecting the laminated photoresists
to such exposure as not to harden the photoresists and
to development.

The half-hardened portion 5B out of the thus formed
layers of dry film photoresists 51, 52 are then to be
subjected to secondary exposure. To do so, a photo-
mask M6 having an opaque pattern g as a portion ex-
cluding a transparent portion f that is slightly larger
than the ink chamber 32 as shown in FIG. 9(b) is used.
This opaque pattern g is positioned on the layers of dry
film photoresists 51, 52. Then, paralle]l rays of light
whose energy is sufficient for hardening, i.c., from
2J/cm? to 5J/cm?, are irradiated thereto.

Accordingly, as shown in FIG. 10, the films of dry
film photoresists 51 and 52 are processed so that only a.
sidewall portion 39 surrounding the ink chamber 32 and
the ink supply portion 34 is formed into a hardened
portion 5C. -

Thus, by bonding this cavity forming layer 23 to a not:
shown cavity forming layer 43 on the elastic plate 4 by
prﬁire,.bot?layetszs anddsareb:;fded together by _
an adhesive force provided by the balf-hardened por- |REDPY T
tion SB with the boundaries of the ink chambers 321:;1;! R%PLACEMENT SHEEI
the ink supply portion 34 maintained by the sidewall ; | 16 DEC 997
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consf riction, a peripheral portion of a sidewall portion 37 that defines
the | nk—cthanber—32—and—the—i nk supply portions 34 is hardened by the

abovenent. L, et o uch a manner that such peripheral portion
surrounds tion 37. Still further, this last bodinent is
i Iﬁmﬁ?

the axis o in parallel to the plane of

rmng substrate of -a so- called edge type in which

-0 -

portion 39. As the final step, the entire part of the
bonded layers is subjected to a hardening process by
heating s0 as to form an integral body.

FIG. 11 is an embodiment characterized as control-

_ lmg deformation of the ink supply portzon 34 that re-

quires a particularly stringent accuracy in profile. Such
control is accomplished by subjecting the sidewall por-
tion 39 of the ink supply portion 34 to secondary expo-
sure by the above-mentioned method so that such side-
wall portion can be formed into a hardened portion 5C.

FIG. 12 is an embodiment characterized as further
reinforming the sidewall portion 39 by forming an in-
dented hardened portion 5C around both the ink cham-
ber 32 and the ink supply portion 34 by the above-men-
tioned method.

Further, with respect to a cavity forming substrate 1
such as shown in FIG. 13, ie., a cavity forming sub-
stratelofsuchatypethatmklssupphedtoanmk
chamber 32 from a reservoir 31 arranged at both ends
thereof through ink supply portions 34 that have no
constriction, a peripheral portion of a sidewall portion
37 that defines the ink chamber 32 and the ink supply
portions 34 is hardened by the abovementioned method
in such 2 manner that such peripheral portion surrounds
the sidewall portion 37.

Still forther, this last embodiment is apphcable toa
cavity forming substrate of a so-called edge type ﬁ
which the axis ofanonlemnsmparaﬂeltotheplane
the substrate 1 or to a cavity forming substrate of a
so-called bubble type in which a heating element is

arranged in a flow path immediately before a nozzle, so
that the sidewall of the ink chamber and of the nozzle
can be hardened by secondary exposure.

‘What is claimed is:

1. A method of manufacturing an ink jet head, com-

~ prising the steps of:

laminating a photohardening resin on a first substrate;

first exposmg and then developing said photoharden-
ing resin by activation energy rays having 2u en-
ergy level to half-harden said photobardening
resin;

forming a cavity required for jetting ink; -

secondarily exposing a part of said photohardening
resin to harden said part by activation energy rays
having an energy level for full hardening; and

bonding a second substrate to a bonding surface of

TS

said photohardening resin for integration, said
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the substrate 1 or to a cavity form ng substrate of a so-called bubble type
In which a heating elenent is arranged in a flow path immdately before a

nozzl e, so that the sidewall

har denedysiIc8ERNEAH RediaclPSUr €.

-10 -

bonding step being accomplished after said first
exposing §tep and said secondarily exposing step.

2. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein during the step of first exposing
and then developing said photohardening resin, 2 mask
having, such a pattérn that no partial inconsistency in
the area of the cavity forming surface occurs, is used.

- 3. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, in the step of secondarily expos-
ing, said part excludes at least a portion near an ink flow
path so that the portion is not fully hardened.

- 4. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, during the step of secondarily
exposing, said part includes at least 2 peripheral portion
around an ink flow path so that the peripheral portion is
hardened.

5. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, duiing the step of secondarily
exposing, said part includes a portion around an ink
;low path so that said portion is hardened in indented
orm.

6. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, during the step of secondarily

of the ink chanber and of the nozzle can be

exposing, said part includes a portion around an ink

supply portion connecting an ink reservoir to an ink
chamber so that said portion is hardened.

7. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, during the step of secondarily
exposing, said part includes a portion around a wall
defming an ink flow path so that said portion is hard-

NI
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- 10 - 1. A nethod of manufacturing an ink jet head, com prising the
steps of: | am nati ng a photohardening resin on a first substrate,;

first exposing and then devel opi ng said photoharden- ing resin by
activation energy rays having an en-

..2_.

FlG. 2(a) o

FIG. 2(b)

FIG. 2(c)

LA

FIG. 2(d) o
7 -

FIG. 2(g)
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ergy level to half-harden said phothardening resin; formng a
cavity required for jetting ink; secondarily exposing a part of said

. phot ohar deni ng resin to harden said part by activation energy rays
havi ng an energy |l evel for full hardening; and bondi ng a second
substrate to a bondi ng surface of sai d phot ohardening resin for

I ntegration, said

-3 -

E;‘EEZZE2;z:zyaazznmzzzyuazzzunnzzvzﬂég
o pm—

/////III///////MI//I

[REPLACEMENT SHEET

46 DEC 1997




bondi ng step being acconplished after said first exposi ng step and
sai d secondarily exposing step. . . A nmethod of manufacturing an ink jet
head accord- ing to claim1, wherein during the step of first exposing
and t hen devel opi ng sai d photohardening resin, a mask having, such a
pattern that no partial inconsistency in the area of the cavity formng

surface occurs, is used. 3. A nmethod of manufacturing ink jet head
accord-
-4 -
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ing to claim1, wherein, in the step of secondarily expos- ing said part
excludes at |least a portion near an ink flow path so that the portion is
‘not fully hardened. 4. A method of manufacturing an ink jet head accord-
ing to claim1, whereiin, during the step of seondarily exposing, said part
i ncludes at |east a peripheral portion around an ink flow path so that the
peripheral portion is hardened. L.
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5. A nethod of maufacturing an inkjet head accord- ing to claim1l wherein,
during the step of secondarily exposing, said part includes a portion
around an ink flow path so that said portion is hardened in indented form
6. A nethod of manufacturing an ink jet head accord- ing to claiml,
wherein, during the step of secondarily exp05|ng, said part includes a
portion around an ink '

'_6_

FIG. 9(a)
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supply portion.conhecting an ink reservoir to an ink chanber so that said
portion is hardened. 7. A nethod of manufacturing an ink jet head accord-
ing to daim1l, wherein, during the step of secondarily exposng, said part

i ncludes a portion around a wall defining an ink flow path so that said
portion is hard- ened.

-7 -
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portion 39. As the final step, the entire part of the
bonded layers is subjected to a hardening process by
heating 50 as to form an integral body.

FIG. 11 is an embodiment characterized as control~
Ling deformation of the ink supply portion 34 that re-
quires a particularly stringent accaracy in profile. Such
control is accomplished by subjecting the sidewall por-
tion 39 of the ink supply portion 34 to secondary expo-
sure by the above-mentioned method so that such side
wall portion can be formed nto a hardened portion SC,

FIG. 12 is an embodiment characterized as further
reinforming the sidewall portion 39 by forming an in-
dented hardened portion 5C around both the ink cham-
ber 32 and the ink supply portion 34 by the above-men-
tioned method.

Further, with respect to a cavity forming sabstrate 1
such as shown in FIG. 13, ie., 2 cavity forming sub-
strate 1 of such a type that ink is supplied to an imk
chamber 32 from a reservoir 31 arranged at both ends
thersof through ink supply portions 34 that have no
constriction, 2 peripheral portion of a sidewall portion
37 that defines the ink chamber 32 and the ink supply
portions 34 is hardened by the abovementioned method
in such 2 manner that such peripkeral portion surrounds
the sidewall portion 37. o

Still further, this last- embodiment is applicable to a

cavity forming substrate of a so-called edge type in
‘which the axis of a nozzle runs in parallel to the piane of
the substrate 1 or to a cavity forming substrate of a
so-called bubble type in which a heating element is
arranged in 2 flow path immediately before a nozzle, so
that the sidewall’ of the ink chamber and of the nozzle
can be bardened by secondary exposure.
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What is claimed is:

1. A method of manufacturing an ink jet head, com-
prising the steps of: :

laminating a photohardening resin on a first substrate;

first exposing and then developing said photoharden-
ing resin by activation energy rays having an en-
ergy level to half-harden said photohardening
resin;

forming a cavity mqun:ed for jetting ink;

secondarily exposing a part of said photohardenmg

resin to harden said part by activation energy rays
baving an energy level for full hardening; and
bonding a second substrate to a. bonding surface of
said photobardening resin for integration, said
bondxng step being accomplished after said first
exposing Step and said secondarily exposing step.
_ 2. A method of manufacturing an ink jet bead accord-
ing to claim 1, wherein during the step of first exposing
and then developing said photohardening resin, a mask
having, such a'pattéern that no partial inconsistency i
the area of the cavity forming surface occurs, is used.

3. A method of manufacturing an ink jet head accord-
mgtoclaxm 1, wherein, in the step of secondarily expos-
ing, said part excludes at least a portion near an ink flow

- path so that the portion is not fully hardened. :

4. A method of manufacturing an ink jet head accord-
mgtochnnl,whcxmn, during the step of secondarily
exposing, said part includes at least a peripheral portion
amundanmkﬂowpathsothatthepenphetﬂpomoms
hardened. :

5. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, duting the step of secondarily
exposing, said part includes a portion around an ink
?owpathsothatamdpomonlshardencdmmdcnted '-

orm.

6. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, during the step of secondarily
exposing, said part includes a portion around an ink
supply portion connectmg an ink reservoir to an ink
chamber so that said portion is hardened.

7. A method of manufacturing an ink jet head accord-
ing to claim 1, wherein, during the step of secondarily
exposing, said part includes a portion around a wall
defming an ink flow path so that said portion is hard-
ened.
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ABSTRACT

METHOD OF MANUFACTURING.INK JET HEAD

A method of mannfacturing an ink jet head including
the steps of: laminating a dry film photoresist 51 on an
inner surface of 2 nozzle plate 2, the dry film photoresist
being a photohardening resin; exposing the photoresist
S1 with such energy as to half-harden the photoresist
while superposing thereon a photomask M1 having a
predetermined masking pattern; developing the thus
exposed photoresist 51; laminating a photoresist 52;
secondarily exposing the photoresists 51, 52 to form a
partially hardened portion 5C; bonding an elastic plate
on the portion 5C; and integrating the bonded plates
while hardening them by heating.

fig. 1g |
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