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SHEET ADHESIVE HATERIAL FOR BONDING TWO KP.'HZBERS
HAVING SMALL HQLES AND METHOD OF BONDING SAME

The present invention relates to a sheet adhesive .
material for bonding two members having small holes to each

5 other and a method of'bonding the two members.

10

In a conventional inic jet type printer using an ink of
a hot melt type és disclosed for. example in an Unexamined
_Japanese Patent Application (OPI) No, Sho. 61-98547 or an ink
| jet type _prix}te; ezﬁploying a print head of a superposed and
15 contiguous. type as disclosed :i:n U.S. Patent 4,680,595, a nozzle
plate is' fixed onto the front surface of a head base member in
such a manner that a number of nozzle ports foﬁ: ejecting ink
formc_ed in the nozzle plate are arranged respectively to
correspond to a number of ink communication chambers each
20 communicating with an ink tank.

] Howex;er, in the con;entional' method an adhesive agent

is simply applied to the contact surfaces of the two memhers to '
. thereby bond the two members to each other, which may arise a

problem that the adhesive agent penetrates and covers the
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gag base nenber in such a manner that a nunber of

front surfac f
nozzl & gﬁm?ﬁﬁ?ie ting ink formed in -the nozzle plate are arranged ... ..x

respect spond to a nunber of ink communication chanbers each
com nu an ink tank However, in the conventional nethod an
adhesi ve agent i-s sinp lie Q e.( act urj,_a,c.e,s of cdde. 4240 MREADEL S
to therehy bond trﬁ’@ ersq oo (eaégh q't% AT Ry arise a probl em
that the adhesi v%rggggtupgég,rﬁ q_snka.ng_ggvgrs the nozzI e holes to thereby
cause The prasent invention was made in view of the foregoing

drawbacks accompanying the conventicnal method as mentioned
above. Accordingly, it 1is an object of the invention to
providé a bonding method capable of bonding surely and fixedly
two members to each other without causing the clogging of the

nozzle holes or ink-failure condition.
This object is solved by the method of ‘sondiﬁg two members, each
having small holes, to each otheér according to independent claim |,
1, the sheet shaped adhesive member of independent claim 22 and
the sheet shaped adhesive material accozding to independent claim 29.
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. .
~ The invention aééording to a specific aspect provides a sheet-
shaped adhesive member for -bonding two plate-shaped members each
having small holes, such as a nozzle plate employed in a recording
'head of an ink jet type record:.ng _apparatus. _
It is another aspect -of the invention to provide a

sheet-shape__q. adhesive member capable of surely bonding two

plate membersr. e;ch having small holes to form an integrated
member without produéing any clogging.

It is still anothexr aspect of the invention tq provide

*  a sheet-shaped adhesive member capable of restricting the

deformation of the :sheet-shaped adheslve membexr IiIn the

thickness dixection thexeof to 'therebjr further suppress an
inward defoxmation of the esEape’ holes.
According to  another specific aspect , the invetion

provides * a method for bonding together two members each
having small holes which, . .
comprisses a stsp of provisionally bonding by pressurizing onto
a contact suxface af ona .cf the two members a sheet-shaped
adhesive membexr having thereon escape holes each corresponding

tc the small holes of the membexr and deformaticn preventive



t hei cl oggi ng of the nozzle holes and an undesired ink- failure. Docunent
JP- A- 4014458 di scl oses a nethod of. applying an adhesive material to the
ehtire surface of one side of at |least one of a plurality of perforated
pl ates. An excinmer laser is used to renove adhesive that may clog the
perforations. The present invention was nmade in view of the fore- going
drawbacks accompanyi ng the conventional method as nentioned above.

Accordingly. it is an object

holes for preventing the escape holes from _bei.ng' deformed, and
.a.. step of bonding by heating and pressurizing the other member:

onto the contact surface of the former member.
According to another aspect of the invention, a method
5 of bonding together two members each having small holes
comprises the steps of provisionally bonding by pressu.f:izing
onto a contact suxrface of one of the two members a sheet-shaped
adhesive member having thereon escape holes corxresponding in
position to the respective small iholes_ of the member, inserting
10 a space forming member, and bonding by heating and pressurizing
the other member onto the contact surface of the former member.
Furthermore, according to still another aspect of the
invention, there is provided a sheet-shaped adhesive member
having escape holes each corresponding in position to the
15 respective small holes of the member and deformation p.reventive
holes di,sf:bs.éd ~ adjacent to the escape holes capable of
absorbing an éxt.ension of the sheet-shaped adhesive member in
the surface direction thereof to thereby suppress an inwaxd

deformation of the escape holes.

20

?ig. 1 is a view showing a structure of a print head in

an ink jet type printaxr to which the present invention is

applied;

Pig. 2 is a plan view of a sheet-shaped adhesive mez.:-d.:er'

employed in a first embodiment of a method of bonding together two
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of the invention to provide a bondi ng method capabl e of bondi ng surely and
flxedly two menbers to each other w thout causing the dogging of the nozzle
holes or ink- filure condition. This object is solved by the nethod of
bondi ng two nenbers, each having small holes, to each other according to

I ndependent claim 1l and the sheet shaped adhesive nenber of independent
claim22. Further advantageous features, aspects and details of .the inven-
tion are evident fromthe depenent clains. and descri p-

members each having small holes according to the present

invention;

Fig. 3 is a side view of the sheet-shaped adheslive
member shown in Pig. 2;

3 Pig. 4 is o sidec vicw of a positioning step emplonyed inthe
first embodiment of the invention;

Fig. 5 is a view of a step of provisionally bonding the
adhesive member employed in the first Mmt of the invention;

Fig. 6 is a view of a step ofjsubstantially bonding a

10 . head substrate, a nozzle plate and the above adhesive member to
one anotper, which step is employedin the first embodiment of the inventio

Fig. 7 is a view of a completely baonded state achieved
according to the iﬁvention;

Fig. 8 is.a view of the'deformed shapes of an escape

15  hole formed in the adhesive member when no deformation
preventivehole.is formed; '

Fig. 9 is a plan view of an adhesive member used in a
method of bonding together two members each having small holes
embodying the seéond embodiment of the inventidn;_

20 Pig. 10 is a side view of the'adhes;ve shown in Fig. 9;

Fig. 11 is a perspective view of a épace forming membex
used in the sacond embodiment of the invention; -

Fig. -12 is a view o; a space forming member inserting
step in the second embodiment of the invention;

25 Fig. 13 is a view of a bonded state achieved by the

second embodiment of the invention;
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tioh and the draw ngs. The invention according to a specific aspect pro-
vi dés a sheet -shaped adhesi ve nenber for bonding two -2- pl at e- shaped
menbers each having small holes, such as a nozzle plate enployed in a
recordi ng head of an ink jet type recordi ng appar at us.

10

15

20

25

Fig. 14 is a view of a structure of an ink jet
recoxding head to which the second embodiment of the invention
is applied;

~ Fig. 15 illustrate a third embodiment of a sheet-shaped
adhesive member according to the invention;

Fig. 16 is an enlarged sectional view taken on the line
A~A shown in Fig. 15; .

Fig. 17 is an explanatory view of the third embodiment,
illustrating a step of bonding operation employed in thé
invention;

Fig. 18 is a sectional view of the third embodiment,
illustrating a state in which the.two.meﬁbers of which are
bonded togethex;

| Fig. 19 is a plan view of a fourth embodiment of a
sheet-shaped adhesive member according to the invention;

Fig. »50“ shows a fifth embodiment of sheet-shaped
adhesive member according to the invention;

Fig. 21 iz an explanatoxry view to show a method of
fitting a deformation restricting spacer into <the above
adhesive member;

Fig. 22A is a plan view of matn portions of a sixth
embodiment cf- a sheet-shaped_ adhesive member according to the

pPresent ilnvention; and

Fig. 22B is a sectional view of the sixth embodiment,

illustrating a state in which the two membexrs of which are

. bonded together.
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It |s anqgt her aspect of the invention to provide a sheet-shaped adhesive
menber capabl e of surely bond- ing two plate nmenbers each having snal
holes to forman integrated nmenber wi thout producing any clogging. It is
still another aspect of the invention to provide a sheet-shaped adhesive
nmenber capabl e of restricting ihe.defiormation of the sheet-shaped adhesive
menber in the thickness direction thereof to thereby further sup- press an
i nward deformation of the escape hol es. According to another specific
aspect, the invention .

Fig. 1 is a view showing a structure of a print head of
an ink jet type printer to which the present invention is
applied. .

5 As shown in Pig. 1, a head base member 1 i{s provided
with an ink communication chamber 1l communicating with an ink
tank 6. The head base member 1 is formed of a high molecular
resin material such as polysulfone, polyethersulfone, poly-
carbonate or the like. A nozzle plate 2 is provided with a

10 nozzle hole 21 for ejecting an ink droplets 7 and is press-
machined, which plate is formed of electroformed nickel,
stainless steel, beryllium copper or the like. The head base
member 1 and the nozzle plate 2 are strongly bonded to each
other by means of an adhesive member 3 .while keeping a

15 communication between the ink éommunication chamber 11 and the
nozzle ho;é'2i.w After manufactiring the recording head, the
ink droplets 7 is ejected by driving a PzZT 5 onto a recording
sheet 8 to thereby achieve printing.

During bonding the above mentioned two ﬁémbers, if.the

20 adhesive membar 3 penetrates into and covers the nozzle hole 21
of the nozzle plate 2 to cause the clogging, then the ink
droplets 7 cannot be.ejected out, which is a serious déféct in
& printer.

The sheet—shape& adhesive membex and method of bonding

25 together the head substrate 1 and nozzle plate 2 by the sheet-

shaped adhesive member accoxding to a £ixst embodiment will now
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provi des a nethod for bonding together two nmenbers each having small hol es
whi ch conprises a-step of pro- visionally bonding by pressurizing onto a
contact surface of one of the two nenbers a sheet-shaped adhesi ve nenber
havi ng thereon escape hol es each correspond- ing to the small holes of the
menber and deformation preventive holes for:preventing the escape hol es
from being defornmed, and a step of bonding by heating and pressuri zing the
ot her nenber onto the contact surface of the forner nenber.

be described hereinbelow with reference to gccompanied Flgs. 2
to 8.
Fig. 2 is a plan view of a sheet-shaped adhesive member
3 employed in the first.-embodiment of a method of bonding
S together two members each having small holes accoxding to thé
present invention, Fig. 3 is a side view of the sheet-shaped
adhesive member 3 shown in Fig. 2, Fig. 4 is a side view of a
positioning step employed in the first embodiment of the
invention, Fig. S-is a view of a step of provisionally bonding
10 the adhesive member employed in the first embodiment of the
invention, Fig. 6 is a view of a step of bonding a head base
member, a nozzle plate and the adhesive member to one another
according to the invention, Fig. 7 is a view of a completely
bonded state achlieved accorxding to the invention. _ .
15 The bonding steps will be described in detail as
follows. .
 (1) First, there is preéared a composite member which
consists of a material of a sheet~shaped adhesive member (Three
Bond Co., No. 1604) laminated by é release sheet 30. As shown
20 in Pig. 7, escape holes 31 are stamped out by a press at a
position each corresponding to the respective nozzle hole 21
formed on thg_nozzle plate %:. In this stamping operation, as
shown ih Pig. 3, the diameter D of the escape hole 31 is set
with respect to the diameter d of the nozzle hole 21 such that
25 . D 2d, in consideration of a width for contraction occurxing

when heated and pressurized. A numbexr of escape holes 31 are’
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According to another aspect of the invention, a nmethod of bonding together
two menbers each having small holes conprises the steps of provisionally
bondi ng by pressurizing onto a contact surface of one of the two nenbers a
sheet - shaped adhesi ve nenber having ther- eon escape hol es corresponding in
position to the respective snmall holes of the nmenber, inserting a space
form ng nenber, and bonding by heating and pressuriz- ing the other- nenber
onto the contact surface of the former nember.

arranged in a line in the central portion of the adhesive
member 3. Furthexr, a number of deformation preventiveiholes 32
are stamped out in upper and lower lines with the central line
of the escape holes 31 disposed therebetween. The diameter of
5 each of the deformation preventive holes 32 is set to be equai
to that of the escape hole 31. Then, positioﬁing holes 33 are
provided to positioning the adhesive member 3'when bonding and
the outer configuration of the above-mentioned material of the
adhesive member 3 are stamped out to thexeby produce the sheet-
10 shaped adhesivg membexr 3.
(2) As shown- in Fig. 4, the nozzle plate 2 with the
contact surface of which facing upwardly is put on a
positioning jig 50 having pins 51 and further the adhesive
member 3 with the xrelease sheet 30 disposed on the upper
15 surface thereof is-mounted'on the nozzle plate 2 before the
nozzle p_laf:a' 2 dnd adhesivae member 3 are properly positioned
with respect fo each other.
(3) Next, as shown in Fig. 5, the positioned nozele
élate 2 and adhes_ive‘ member 3 mounted on the nozzle plate 2,
20 together with the positioning jig 50, are set in & heat-
pressure bonding machine 60 (Japan Abjonics Co. Type TCW-125)
and then the adhesive membér 3 is provisionally pres§ure bondead
onto the nozzle plate -2 under the condition o©f a heating
temperature of 80°C and a pressure of 3 kg/cm®. After that,

. 25 the release papexr 30 is peeled off.
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Furthernmore, according to still another aspect of the invention, there is
provi ded a sheet-shaped adhesi ve nenber havi ng escape hol es each
corresponding in position to the respective snmall holes of the nenber and
def ormati on preventive hol es di sposed adjacent to the escape hol es capable
of absorbing an extension of the sheet-shaped adhesi ve menber in the
surface direction thereof to thereby suppress an inward defornati on of the

escape hol es. ThiSiEifheA%%%E%%¥3¥F sbeebown in Fig. 6, the head base

10

15

20

25

member 1 is mounted on the adhesive member. 3 and then the two
members are positioned with rxespect to each other. Then, the
head base membexr l,_adhesive membexr 3 and nozzle plate 2 are
finally bonded to one another under the condition of a heating
temperature of 120°C and a pressure of 3 kg/cm?,

Consequently, as shown in Fig. 7, the escape hole 31
restricted to a uniform thickness by a space forming member and
is bonded by heating and pressurizing, will be contracted
between the nozzle hole 21 of the nozzle plate 2 and tﬂe ink
communication chamber 11 of the head base member 1 compared to
itself before the adhesive member 31 is heated and pressurized
for bonding. That is, the adhesive nembexr 3 will be contracted
down to the same and uniform size as the ink through:hole 1l to
thereby bond the nozzle plate 2 and head base member 1 to each
other strongly without clogging the nozzle hole 21.

A sheet-shaped adhesive member and method of ionding
together a he.a.d base member and a nozzle .plata by tha ghaat-

shaped adhesive membexr according to a second embodiment will be

~desexibed hereinbelow with reference to accompanying Figs. 9 to

14.

Fig. 2 is a plan view of an adhesive member used in a
method of bonding together two members each having small holes
embodying the second embodiment of the invention, Fig. 10 is a
side view of the adhesive shown in Fig. 89, PFig. 11 is a

perspective view of a space forming member employed in the

[
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-3-~Fig.

1 i's a view showing a structure of a print head-in an ink jet type

prirfter to which the present inven- tion is applied; Fig. 2 is a plan view
of a sheet-shaped -adhesi ve nenber enployed in a first enbodi nent of a
met hod of bonding together two menbers each having snal

10

15

20

25

second embodiment of the invention, Fig. 12 is a view of a
space forming membexr inéerting step in the second eﬁbodiment,
Fig. 13 is a view of a bonded state achieved by the second
embodiment, and Fig. 14 is a view of a structure.of an ink jet
recording head to which the second embodiment of the invention
is applied.

In the drawings, 1like parts and components are
designaéed by the same reference numerals as the first
embodimént according to Figs. 1 to 8. The method according to
the second embodiment is similar to the first embodiment and,
therefore, merely the different steps are descr;bed
hereinbelow.

(1) The first step is substantially the same as the
step (1) of the first embodiment described above. However, in
the second embodiment, a plurality of insertion holes 132 .-for
insertion of a space forming member 4 is stamped out on an
sheet-shapéa-édhesive member 103 as shown in Figs. 9 and 10.

(2) ﬁéxt, g'space forming member 4 shown in Pig. 11
having a thickness t is manufactured in such a mannexr that the
thickness t of which is not greater than the thickness T of the
adhesive member 3 as shown in Fig. 10, that is, t £ %, in
conaideoration of an cxpansion of a wideh due 4o o dofommation

of the adhesive member 103 when the adhesive member is bonded

by heating and pressurizing. The space forming member 4 4is

formed of stainiess steel s0 that it will never be deformed

-when the adhesive member is bonded by heating and pressurxizing.
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hol es accordlng to the present invention; Fig. 3 is a side view of the
sheet - shaped adhesi ve nember shown in Fig. 2; Fig. 4 is a side view of a
positioning step enployed in the first embodi ment of the invention; Fig. 5
is a-view of a step of provisionally bonding the adhesive nenber enployed
in the first enbodiment the invention; Fig. 6 is a view of a step of
substantially bonding a head substrate, a nozzle plate and the above adhe-

10

13

20

25

The space forming member 4 is stamped out by a press-machining
operation-so as to have a circular shape which is easy to
manufacture. ) -

The bonding steps (3) and (4) of the first embodiment
shown in Figs. 4 and 5 are the same in the second embddiment
after the step (2)-thereof and the explanations of these steps .
are omitted.

(5) as shoﬁn in Fig. 12, the space forming member 4 is
inserted into the insertion hole 132 formed on the adhesive
member 103.

The next bonding step of this embodiment is also the
same as the step (6) of the first embodiment shown in Fig. 6.

By means of the above-mentioned operations, as shown in
Fig. 13, in the adﬁeéive member 103, which is restricted to a
uniform thickness by the space forming member 4 and' is then
bonded by heating and pressurizing, the escape hole: 31 is
contracted"whén”compa;ed with itself beforxe it is heated and
pressurized and thus it is of the same and uniform size as the
ink communication hale 11, so that the adhesive member 103 is
able to bond the head ba;e member 1 and nozzle plate 2 to each
other strongly without clogging the.nogzle hole 21.

Exemples: |

With xespect to the adhesive member 3 and 103, the
present inveﬂtora have expe;imented, besideas the method using
the sheet-shaped adhesive member according to the first and

second embodiments, a method which uses a conventional liguid

I —
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si ve nmenber to one another, which step is enployed in the first enbodi nent
of the invention; Fig. 7 is a viewof a conpletely bonded state achieved
according to the invention; Fig. 8 is a view of the defornmed shapes of an
escape hole fornmed in the adhesive nmenber when no defor- mation preventive
hole is formed; Fig. 9 is a plan view of an adhesive nenber used in a

met hod of bonding together two nmenbers each having small hol es enbodyi ng
the second gghedive agent such as an epoxy contained adhesive member

(Araldite Co. Type AW-106 }, a silicone contained adhesive
member (Toray -« Dow Coning + Silicone Co.; Type SE 9157L) or
the like. The.result of the experimentation revealed that,
5 when'the conventional liquid adhesive member is used, it is
difficult to apply the adhesive member to a clearance between
the head base member 1 and the nozzle_plate.z in a uniform
thickness. Alsc, the flow or penetration states of the
adhesive member due to a capillary phenomenon occurring when
10 pressure is applied are affected by the mixing ratio thereof,
changes of environmental temperatures and the like and thus are
caused to vary frequently accorxding to such environmental
conditions. As a result, it is difficult to secure stabilized.
communication between the nozzle hole 21 and ink communication
15 chamber 11. Further, in the case of the sheet-shaped adhesive
member according to the invention, the bonding processes were
completed in several seconds when it is Sonded by heating and
pressurizing. On the other hand, the liquid adhesive membex
requires a long drying time ranging from 30 minutes to saveral

20 hours. '
For the escape holes 31 formed in the sheet-shaped
adhesive membexr 3, besides the above»m'entionec% method ac'cording
to the present embodiment in which each o.f the escape holes 31
is formed suc.:h that its dian:eter D is equal to or greater than

25 the diameter d of the nozzle hole 21, the applicants have

experimented anothexr method in which no escape hole 31 is

I
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ment of.the invention; Fig. 10 is a side view of the adhesive shown in Fig.
9; Fig. 11 is a perspective view of a space form ng nenber used in the
second enbodi ment- of the invention: Fig. 12 is a view of a space formng
menber insert- ing step in the second enbodi nent of the invention; Fig. 13
Is a view of a bonded state achi eved by the second enbodi nent of the

i nvention; Fig. 14 is a view of a structure of an ink jet recording

formed at all and, after bonded by heating and pressurizing,

the adhesive members 3 and 103 are post-worked from externally

by use of an excimer lasex (Sumitomo Juki Co., Type INDEX 200)
through the nozzle hole 21 formed on the nozzle plate 2.or

5 through the communication chamber 11 in the head base membex 1.
However, our experimentation showed that this method is
affected by dross or the like. That is, it is found difficult

to post-work the whole nozzle uniformly. Furthexr, if the
diameter D of the escape hole 31 is smaller than the diameter

10 d of the ink communication chamber 11 in the head base member
1, then the ink communication chamber 11 or nozzle hole 21 may

be clogged when the adhesive member is bonded by heating and
pressu;izing, that is, when the adhesive member is contracted.

With regard to tha deformation preventive holes 32 and

15 132, the present inventors have also tested anothér method in
which no deformation pxreventive holes are formed. _'I‘his. test
revealed thEt»fhe escape hole 31 can be caused to.vary'into a
non—circular'eﬂape having'a.dirgctional characteristic as éhown

in Fig. 8 due to the contraction of the adhesive member 3 when

20 it is heated and préssurized for honding, so that the escape
hole 31 c¢logs the nozzle hole 21 or- nozzle communication
chamber 11 as shown by obligue lines in Fig. 8. Referring to

the diameter, positions, number and the like of the deformation
preventive holes 32 and 132, the above-mentioned method is

25 found favorable.
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head to which the second enbodi nent of the inven- tion is applied; Figs 1S
illustrate a third embodi ment of a sheet- shaped adhesive nenber accordl ng
to the inven- tion; Fig. 16 is an enlarged sectional view taken on the l'ine
A-A shown in Fig. 15; This is the replacenent sheet:

Further, referring to the space forming membexr 4, the
present inventors have tested another method which does not use
the space forming member 4. According tc; the result of the
test, however, the amount of deformation of the adhesive member

5 3, when it is heated and pressurized, is found to vary
according to the heating temperatures and pressures, the
conditions of the contact surfaces ox the like, with the xesult
that, after the adhesive member 3 is bonded by heating and
pressurizing, the diameter of the escape hole is caused to

10 vary, whereby the ink communication chamber 11 or nozzle hole
21 can be clogged. Further, the result of the test revealed
that, if the thickness t of the space forming member 4 is
greater than the thickness T of the adhesive member 3, then a
width for deformation of the adhesive member exists no longer

15 so that a practical bondiﬁg gtrength cannot be obtained.

Figs. 15 to 18 illustrate a third embodiment of a
sheet-shaped ag,iﬁesive member according to the present
invention, which is .constructed so as to bond a nozzle plate
employad in an ink jet type racording head, and a methed of

20 bonding the nozzle plate by use of this sheet-sixa'pod adhesive
member.

In these figures, 1like parts and componer;ts are
designated by the =zame reference numerals as the first and
second emi:cdiments shown 1n~rigs. 1 to 14. As shown in these

25 figures, a sheet-shaped adhesive member 203 is used to bond a’

nozzle plate 2 to a head substrate 1. The sheet-~shaped

- 14 -
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-4-. Fig:s 17 is an explanatory view of the third enbed%—-nEH%——+++ﬂs%+ating
a step of bondi ng operation enployed in the |nvent|

sectional view of-the third enbodi nent, |IIustrat|n %h t he
two menbers of which are bonded together, Fig. 19 |s

fourth enbodi ment of a sheet-shaped adhesive nenber

i nvention;

adhesive member 203 is of a hot melt type which penetrates in
a.semi-melt gstate into fine undulations én the surfaces of
materials to be bonded and is hardened therein owing to an
anchor effect to thereby bond the two members to be bonded to
5 each othexr. The sheet-shaped adhesive member 203 is formed of
a high molecular material consisting of a group comprising
polyolefin, nylon, polyurethane, and a polyester. A release
sheet 30 is adhered on the whole surface of the sheet-shaped
adhesive member 203 for the purpose of reinforcement and, as
10 shown in Fig. 17, the release sheet 30 will be peeled off after
the sheet-shaped adhesive member 203 is provisionally.mounted
to the nozzle plate 2.
The fundamental structure of the sheet-shaped adhesive
member 203 according to the third embodiment is the same as the
15 member 3 according to the first embediment shown in Fig. 2.
Therefore, merely'the d;fferent feature will ba descxibed.
In the “third embodlment, the diameter D of the
respeactive ascape holes 31 is set about 1.8 times the di@eter
d of the nozzle hole 21 to c.or::espcnd to ‘an amount of
20 compression At of the sheet-shaped adhesive member 203.
Eurther, the deformation preventive holes 32, which are_férmed
on both sides of the'escape'holes 31, are formed in such a
manner that the diameters thereof are substantially the same as

the diameters D of the escape holes 31 and also that they are
arranged in a zigzag line where the deformation preventive holes
32 are staggered with respect to the line of the escape holes oz,
as indicated'in Fig. 15, where the three rows of escape holes 31
and the deformation preventive holes 32 are arranged such -that
each escape hole 31 ﬁith its adjoining deformation preventive
holes 32 forms a column of three adjoining holes at a

-S-



Fig: 20 shows a fifth enbodi mnent of sheet-shaped adhesi ve nenber according
to the invention; Fig. 21 is an explanatory view to show a net hod of
fitting a deformation restricting spacer into the above adhesi ve nenber;
Fig. 22Ais a plan view of main portions of a sixth enbodi ment of a
sheet - shaped adhesi ve nenber according to the present invention; and Fig.
22B is a sectional view of the sixth enbodinent, illustrating a state in

mhlch the two nenbers of
distance § which is substantlally two times the diameter D of

the escape hole 31.
| Referring hexe in particular to the thixd embodiment of
the sheet—shaped adhesive member 203, in a sheet-shaped
5 adhesive member 203 having a thickness of 0.50 mm with a
deformation width of 0.15 mm given, there are formed a number
of escape holes 31 each having a diameter D of (.38 mm with
respect to the diameter of 0.15 to 0.18 mm of the nozzle hole
21 and, on both sides of the escape holes 31, there are formeﬂ

10 the same number of deformation preventive holes 32 at a
distance of 0.70 mm between the two preventive hole lines,

In Fig. lS,Ireference numeral 33 designates a pair of
positioning holes which are respectively disposed at both the
ends of the sheet-shaped adhesive member 203, and 205

15 represents a pair of dummy holes which are formed at both the
ends of the escape hole 31 line in order to absorb the
extension: of the escape holes 31 in the longitudinal direction
thereof to thersby restrict the deformation of the agscape holes
31 in the longitudinal direction thereof.

20 Next, description will be given below of a pxocesa of
bonding the substrate B and nozzle plate P to each othe; by use
of the above-mentioned sheet-shaped adhesive member 1 with
reference to fig. 17. - |

At rirsq, with'two positioning pins 51 respectively

25 planted on a jig 50 as ﬁhe reference thexeof, the nozzle plate

"2 is positioned on the jig 50 with the adhesive surface thexeof

- 16 -
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whi th arg bonded together. Fig. 1 is a view showng a structure of-a print
head of an ink jet type printer to which the present invention is appli ed.
As shown in Fig. 1, a head base nenber 1 is pro- vided with an ink

conmmuni cati on chanmber 11 communi- cating with an ink tank 6. The head base

menber

1is - formed of a high nolecular resin material such as

pol ysul f one. pol yet hersul fone, polycarbonate or the like. A nozzle plate 2
i s provi dedfaeihg aupreazde Hbdxt2iwith the release sheet 30 mounted on the

10

15

20

25

top surface thereof and also with the two positioning pins 51,
correspondiné in position to the positidning holes 33 the
sheet—shaped adhesive member 203 is positioned and placed on
the nozzle plate 2.

Since the bonding process of this embodiment is the
same as that of the first and second embodiments described
above and shown in Figs. 5 and 6, the description is omitted.

As a result of the bonding process, the sheet-shaped
adhesive member 203 is éompressed and deformed in the thickness
direction thereof and at the same time it is expanded in the .
surface direction ﬁhereof. With respect to the longitudinal

extension of the sheet-shaped adhesive member 203, the

respective escape holes 31 absoxb the extensions thexeof to one

another and. Purther, with xespect to the extension of the

 adhesive member 203 in the width direction thereof, the

deformat;on-pieventive holes.32, which are disposed on both
sides of the ‘escape holes 31, absorb fha oxtensions in the
width direction. Thexefore, this cah prevént the xespective
escape holes 31 from being deformed as much a.; possible and
thus the innexr edges of the escape holes 31 can be ke?t from
coming into the nozzle holes 21. Furthe;more, owing to the
pair of dunmy holes 205 formed at both the ends of the escape
hole 31 liﬁé, the extensio; of the escape holes 31 in the
longitudinal direction thereof is effectively suppressed to .

thereﬁy xestrict the deformation of the escape holes 31 in the

- 17 -
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ejecting an ink droplets 7 and is press-nmachi ned, which plate is fornmed of
el ectrof ormed nickel, stainless steel, berylliumcopper or the like. The
head base nmenber 1 and the nozzle plate 2 are strongly bonded to each ot her
by nearis of an adhesive nmenber 3 awhil e keeping a communicati on between the
I nk communi cati on cham ber 11 and the nozzle hole 21. "After manufacturing
the recording head, the ink droplets 7 is ejected by driving a PZT 5 onto a
recordi ng sheet 8 to thereby achieve print- ing.

longitudinal direction thereéf. Accordingly, the head base
member 1 and nozzle plate 2 can be bonded together with high
accuracy.
Fig. 19 shows a sheet-shaped adhesive member accoxrding
5  to the fourth embodiment of the invention.
In the fourth embodiment, ‘on both sides of a number of
escape holes 331 arranged in a line, there are formed a
plurality of deformation preventive slits 332 each having a
width corresponding to the diameter of the escape hole 331.
10 Owing to this structure, the extension of a sheet-shaped
adhesive member 303 caused when it is compressed and deformed
is absorbed by the deformation of the defoxmation preventive
g8lits 332 to thereby restrict the deformation of the escape
holés 331 as much as poésible.
1s Fig. 20 shows a £fifth embodiment of sheet-shaped
adhes=ive _rrfémbér‘ according to the invention, in which
deformation réstricting spacers 404 are used for further
restricting the deformation of escape holes 431.
In the present sheet~shaped adhesive member 403, on
20 both s_id.es of the escape hales 431 formed in a line, there are
formed a number of deformation preventive holes 432 and
further, on 5qth sides of the deformation preventlve holes 432,
therxe are formed a plurality-of spacer insertion holes 424 into
which there is inserted deformation restricting spacers 404

25 each corxesponding to the thickness of the sheet-shaped

This Sheet Has Been Rerlaced
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Duri'ng bondi ng the above mentioned two nenbers, |f the adhesive nenber 3
penetrates into and covers the nozzle hole 21 of the nozzle plate 2 to
cause the clog- ging. then the inkdroplets 7cannotbe ejected out. -5- is
a serious defect in a printer. The sheet-shaped adhesi ve nenber and net hod

of
adhesive membexr 403 obtained when an allowable compression
amount At is subtracted.

In the fifth emb?diment, as showﬁ ;n Flg. 21, the
sheet-shaped adhesive member 403 is provisionally mounted onto

5 the nozzle plate 2 and is positioned just below a press machine
428 and, after that, the respective deformation restricting
spacers 404, which are respectivel} stamped out from a steel
plate 426, are allowed to fall down into the spacer insertion
holes 424.

10 Owing to this structure, the compression amount of the
sheet-shaped adhesive member 403 can be restricted within an
allowable range and at the same time the deformation of the
escape Koles 431 can be prevented by the escape holes 431 and
deformation preventive holes 432 formed on both sides thereof,

15 so that the nozzle plate 2 can be fitted to the head base.
member 1 without producing any clogging.

In “this embodiment, if the deformation of the sheet-
shaped adhesive member 403 is restricted by the deformation
xrestricting spacers 404 to a sufficient extent, then the

20 deformation of the escape holes 431 can be rest?icted to such
a degree that the inner edges of the escape holes cannot come
into the noszgle holaes 21, even when the.daformation préventive
holea 432 axe not specially formed on both sides of tha escape

holes 431%.

- 15 - This Sheet Has Been Replaced




bondi ng tqgether the head substrate 1 and nozzle plate 2 by the

sheet' - shaped adhesj ve menber according to a first enbodiment will now be
descri bed her ei nbel ow wi th reference to acconpanied Figs. 2 to 8 Fig. 2is
a plan view of a sheet-shaped adhesive nenber 3 enployed in the first

enbodi mrent of a nethod of bonding together two nenbers each having snall

hol es according to the present invention, Fig. 3 is a side view of the
sheet - shaped adhesive nmenber 3 shown in Fig. 2, Fig. 4 is a side view of a

positioning step enpl oyed .
Pigs. 22A and 22B show a sixth embodiment of a sheet~

shaped adhesive member in which deformation preventive holes

are used for séoring deformation restricting spacers.
In the sixth embodiment,'there is usedﬁas a deformation
5 preventive material a paste material.which includes fine grains
composed of 2 high molecular material such as an epoxy resin,
uxethane, polyimide oxr the like diapersed in a volatile
solution and also which, when heated and compressed, is reduced
in volume and hardened. Further, deformation preventive paste
10 material 535 is previously applied into each of deformation
preventive holes 532 respectively formed on both sides of
escape holes 531 befcie the sheet-shaped adhesive member is

actually used.

In the sixth embodimént, if the sheet-shaped adhesive
15 member 503 interposed between the nozzle plate 2 and head base
member 1 is heated and piessur_ized, then the deformation
preventive paste material 535 is contracted in thickness by én
amount corrsesponding to the compression amount width At of the
sheet~shaped adhesive membexr 503 and, at the same time, the
20 paste material 535 is contractad in the outside diameter
thereof and is hardened. Aas a result, the deformation of the
sheet-shaped adhesive member 503 in the thickness.di¥ection
thereot ' is r-estri.czed by t-he deformation preventive paste
mater.ial 535 and, at the same time, the extension of the aheet-
25 shaped adhesive member 503 in the surface direction therecf is

absorbed by a clearance formed between the paste material 535

- 20 =~ This Sheet Has Been Re[ilac
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in the first enbodi nent of the invention, Fig. 5is a view of a step of
provi si onal | y bondi ng the adhesive nenber enpl oyed in the first enbodi nent
of the invention, ‘Fig. 6 is a view of a step of bonding a head base nenber,
a nozzle plate and the adhesive nenber to one anot her according to the

invention, Fig. 7 is a view of a conpletely bonded state achi eved accordi ng
to the invention. The bonding steps will be described in detail as fol-
lows. (1) First, there is prepared a conposite nenber -

10

15

20

23

and deformation preventive hole 532, so that the inwaxd
deformation of the escape holes 532 can be further suppressed.

As described above, accordin§ to the present invention,
when bonding two members each having small holes to each other,
a sheet shaped -adhesive member including escape holes each
correspondiﬁg to the small holes of one member and deformation
pré;entive holes for preventing the escape holes from being
deformed is provisionally bonded by pressurizing onto one
member and then the other member is bonded by heating and
pressurizing onto the contact surface of the one member, so
that the two members can be bonde'd together strongly and
efficiently without causing any hole clogging.

Further, when bonding together two members each having
small holes, there is provisionally bonded by pressunrizing onto
one of the twa membhers a sheet-shaped adhesive mambex which
includes ther?'inﬂ ascape holes respaatively corresponding to
small holés of the one member, space forming members each
having a proper thickness -being inserted into the sheet-~shaped
adhesive member, and the othexr member is then i:onded | to the
contact surface of the one member by heating and pressuxizing
the adhesi#e member. Owing to this, the two members each
having small holes can be bonded together strongly and highly
efficiently without causing ;ny hole clogging.

In the foregoing description ¢+ the present invention-has
been described by w&y of an example in which the head base

membexr 1 and nozzle plate 2 respectively used in a ink jet

- 21 - SheelHasBeenR laoed
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whi.ch consists of a material of a sheet-shaped adhe- sive nenber (Three
Bond Ca, 'No. 1604) |aninated by a rel ease sheet 30. As shown in Fig. 7,
escape holes 31 are stanped out by a press at a position each correspondlng
to the respective nozzle hole 21 forned on the nozzle plate 2. In this

stanpi ng oper- ation, as shown in Fig. 3, the dianeter D of the escape hole
31l i.s set with respect to the dianeter d- of the nozzle hole 21 such that D
> d, in considera- tion of a width for contraction occurring when heat ed
printer are bonded to each other. However, the invention is
not limited thereto or thereby, but it can also apply as means
for bonding together othexr kinds of two members each having
small holes which may be clogged with an,K adhesive member.
5 Furthexr, the invention may also be applied to an adhesive

member which bonds together two members such as a water

sprinkler or the like, which respectively have small holes.

R
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and- pressurized. A nunber of escape holes 31 are arranged in aline int
portion of the adhe- sive nenber 3. Further, a nunber of

def ormati on preventive holes 32 are stanped out in upper and |ower |ines
with the central Iine of the escape holes 31 disposed therebetween. The
di aneter of each of the deformation preéventive holes 32 is set to be equal

central

to that of the escape hole 31. Then,
positioning the adhesive nenber 3 when bondi ng and the B St %&ﬂ&m@ﬂ

10

15

20

25

30

35

1.

ace
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A method of bonding two members each having small holes
to each other, comprising the steps of:

preparing first and second members each having a numbex
of small holes;

preparing a sheet-shaped adhesive member;

forming escape holes on said sheet-shaped adhesive member
at a position each corresponding to said holes of said
first members;

mounting said sheet-shaped adhesive member onto said
first member;

first heating and pressing said first member and said
sheet-shaped' adhesive member mounted on said first member
for bonding to each other to form a preform;

mounting said second member on said preform; and

second heating and pressing said preform and said second
nmember mounted on said preform for bonding said first and
second members to each other through said sheet-shaped
adhesive member. '

The method of Claim 1, further comprising a step of
forming a number of deformation preventive holes in upper
and lower 1lines with the central line of said escape
holes disposed therebetween at the same time of said step
of forming said escape holes.
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This is t he repl acenent sheet -6- of the above- rrenH-eﬁed—Hﬂa{—eH—aJr—e%—t he
adhesi ve menber 3 are st anped out to thereby produce tl? eeq asl§ | ced
adhesi ve nmenber 3. (2) As shown in Fig. 4, the nozzle p m“ ﬂll

contact surface of whi ch facing upwardlf/ is put on a
3. The method of Claim 1 or 2, further comprising a step of

forming a plurality of insertion holes for insertion of a

'space forming member on said sheet-shaped adhesive member

at the same time of said step of forming said escape
5 holes.

4. The method of any one of the preceding Claims, wherein
said first heating and pressing step takes place under
the condition of a heating temperaturé of about 80°C and

10 a pressure of about 3 kg/cm2?, and said second heating and
pressing step takes place under the condition of a
heating temperature of about 120°C and a pressure of
about 3 kg/cm2.

15
5. The method of any one of the preceding Claims, wherein
said sheet-shaped adhesive member is composed of a sheet-
shaped adhesive material and a release sheet laminated
onto said sheet-shaped adhesive material , said release
20 ~sheet being peeled off said sheet-shaped adhesive
material after said first heating and pressing step.

6. The method of any one of the preceding Claims, wherein

25 said second member is a head base member of a printing

head of an ink jet type recording apparatus and said

first member is a nozzle plate having nozzle holes for
ejecting ink droplets.

30
7. The method of any one of the preceding Claims, wherein
said sheet-shaped adhesive member is of a hot melt type.

35 8. The method of Claim 7, wherein said sheet-shaped adhesive
member is formed of a high molecular material consisting
essentially of a group comprising a polyolefin, nylon,
polyurethane, and polyester.

-_
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positioning jig50tavinmgpins 51 and further the adhesive nmenber 3 with

the rel ease shegi, ﬁhéBwHﬂ n the upper surface thereof is nounted on
the nozzl e plate ozzle plate 2 and adhesive nenber 3 are

properly p03|t|o t to each other. (3) Next, as shown in Fig.
5, the positione 2 and adhesi ve nmenber 3 nDunted on the noz-

zle plate 2, together Mﬁth the positioning jig 50, are set in a
heat-pressure bondi ng machi ne 60 (Japan

9. The method of Claim 6 or 7, wherein said head base member
is formed of a high molecular resin material Consisting
of a group comprising polysulfone, polyethersulfone and

5 polycarbonate,' and said nozzle plate is formed of a
material consisting of a group comprising electroformed
nickel, stainless steel and beryllium copper.

10 10. Tﬁe method of Claim 3, or any claim dependent on claim 3,
wherein a thickness of said space forming member is not

greater than a thickness of said sheet-shaped adhesive

member.
15
11. The method of Claim 3 or any clalm dependent on claim 3,
wherein said space forming member is formed of stainless
steel.
20

12. The method of Claim 3 or any claim dependent on claim 3,
wherein said space forming member has a circular shape.

25 13. The method of any one of the preceding Claims, further
comprising a step of forming positioning holes at both
the ends on said sheet-shaped adhesive member preferably
at the same time of said step of forming said escape

holes.
30 '

14. The method of Claim 2 or any claim dependent on claim 2,
further comprising a step of forming a pair of dummy
holes at both ends of said escape hole line preferably at

35 the same time of said step of forming said escape holes. -

15. The method of Claim 6 or any claim dependent on claim 6,
wherein a diameter of each said escape holes is set about
40 1.8 times the diameter of said nozzle hole to correspond
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Abi oni cs*Co. Type TCW 125) and then the adhesive m—%onal ly
pressure bonded onto the nozzle plate 2 under the a@YHid HRABS R ahegatl ng
tem perature of 80[err]C and a pressure of 3 kg/c t he
rel ease paper 30 is peeled off. (4) Afterwards, WH'HI‘BI"” " the
head base menber 1 is nounted on the adhesive nenbe he two
nmenbers are positioned wth respect to each other. Then, the head base
menber 1, adhesive nmenber 3 and nozzle plate 2 are finally

to an amount of compression of said sheet-shaped adhesive

member.

5 16. The method of Claim 15, wherein said sheet-shaped
adhesive member has a thickness of about 0.50 mm with a
deformation width of about 0.15 mm given, said escape
holes each has a diameter of about 0.38 mm and said
nozzle hole has a diameter of 0.15 to 0.18 mm, and the

10 same number of said deformation preventive holes are
located at a distance of about 0.70 mm between said two
preventive hold lines.

15 17. The method of any one of the preceding Claims, further
comprising a step of forming a plurality of deformation
preventive slits each having a width corresponding to the
diameter df said escape hole.

20
18. The method of Claim 2 or any claim dependent on claim 2,
further comprising a step of inserting spacers in said
deformation 'preventive holes before said first heating
and press1ng step.
25
19. The method of Claim 18, wherein said spacers comprise a
deformation preventive paste material.
30
20. The method of Clz_:tim 19, wherein said paste material
comprises fine grains composed of a high molecular
" material dispersed in a volatile solution.
35
21. The method of Claim 20, wherein said high molecular
material consists of a group comprising an epoxy resin,
urethane and polyimide. ~
40
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bonded t'0 one anorther—under the condition of a heat- ing tenperature of
120[err] € and a This@RaHG.S of 3 kg/cnferr]. Consequently, as shown in Fig. 7.

t he escape hoIe haﬂa.unlforn1th|ckness by a space form ng
menber and is bo | and pressurizing, will be contracted
bet ween the nozzl he nozzPe plate 2 and the ink conmunication

chanmber 11 of the head base menber 1 conpared to itself before the adhe-
sive nenber 31 is heated and pressurized for bonding.

22. A sheet-shaped adhesive member (3, 103, 203, 303, 403,
503) interposed between two members (1, 2) each having
small holes (11, 21) for bonding the two members (1, 2)
into an integrated member upon being heated and
5 pressurized, the sheet-shaped adhesive member (3, 103,
| 203, 303, 403, 503) comprises escape holes (31, 331, 431,
531) formed on said sheet-shaped adhesive member, said
escape holes (31, 331, 431, 531) corresponding in
position to the small holes (11, 21) of the two members

10 (L, 2).

15 23. The sheet-shaped adhesive material of Claim 22, wherein
said sheet-shaped adhesive member further comprises
deformation preventive holes (32, 132, 332, 432, 532).

20 24. The sheet-shaped adhesive material of Claim 23, wherein
said deformation preventive holes (32, 132, 432, 532) are
disposed adjacent of said escape holes (31, 331, 431,

531).
25

25. The sheet~shaped adhesive material of Claim 23 or 24,
wherein said deformation preventive holes (32, 132, 332,
432,' 532) are disposed on both sides of said escape holes

20 (31, 331, 431, 531) arranged in a line.

26. The sheet-shaped acihesive‘ material of Claim 23 or 24,
wherein said deformation preventive holes are slit-shaped
holes (332) ektending along the two sides of said escape

35 hole (31, 331, 431, 531) line.

27. The sheet-shaped adhesive material of ahy one of Claims
22 to 26, further comprising a deformation restricting
40 piece (4, 404) embedded in said sheet-shaped adhesive

L




That

head base nmenber and a nozzle This is ghe repl acene
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35

40
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is.

the adhesive menber 3 will be contracted down to the same and
uni f'orm si ze as the ink through hole 11 to thereby bond the nozzIe plate 2

and head base nmem ber 1 to each other strongly w fThi lacéde no
hol e 21. A sheet-shaped adhesive menber and net hod |Iﬂ MI I ther

28.

29.

member for restricting an amount of contraction of said
sheet-shaped adhesive member in the thickness direction

thereof.

The sheet-shaped adhesive material of any one of Claims
23 to 27, further comprising paste-shaped deformation
restricting agent (535) inserted into said deformation

preventive holes (532).

A sheet-shaped adhesive material (103) interposed between
two members (1, 2) each having small holes (11, 21) for
bonding the two members (1, 2) into an integrated member
upon being heated and pressurized, said sheet-shaped
adhesive member (103) comprising escape holes (31)
corresponding in position to the small holes (11, 21) of
the members and a deformation restricting piece (4) for
restricting an amount of contraction of said sheet-shaped
adhesive member (103) in the thickness direction thereof.
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-7- plate by the sheet-shaped adhesi ve nenber according to a second

enbedlneht wi || be described herei nbetow wi-tth reference to acconpanyi ng
Figs. 9 to 14. Fi-g. 9 is a plan view of an adhesi ve nenber used in a nethod
of bonding together two nenbers each having small hol es enbodying the
second enbodi nent of the invention, Fig. 10 is a side view of the adhesive

shown

i0

15

ABSTRACT

A method of bonding together two members (1, 2) each having
small holes (11, 21), the method comprising the steps of
provisionally bonding by pressurizing  onto the contact
surface of one of the members (1, 2) each having small holes
a sheet-shaped adhesive member (3) including escape holes
(31) respectively corresponding to the small holes (11, 21)
and deformation preventive holes (32) for preventing the
escape holes (31) from being deformed, and bonding by heating
and pressurizing the other member onto the contact surface.

This Sheet Has Been Reﬂlaced
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in Fig. m% PATENTOYPEIICATIONe vi ew of ‘a space fornmi ng nenber enpl
in the s&e®rid FOWEOR ofATIERE i nvention, Fig. 12 is a view of a spacegy;gg/4
f ormi ng RefAsePrifRspRti 9gpkt deli B120834kc0bribgendodl®®t . Fig. 13 is a view

of a bon8e®SrEfe achi eved by t copd od- inent, and Fig. 14 is a

view of a structure of an ink j?ﬁ#di%’bhead to which the second

enbodi ment of the invention is &ppllied."* the draw ngs. |ike parts and
conmponents are des- ignated by the sanme reference nunerals as the first

INNN\\S
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:L..- O] +=>re e ae .
enbodi nent according to Figs. 1 to 8. The met hod according to the secondia/ﬂf
enbodi‘ment is simlar to the first enbodi ment and, therefore, nerely the -
di fferent steps are described hereinbelow. (1) The first step is
substantially the same as the step (1) of the first enbodi nent descri bed.
above. How ever, in the second enbodinent, a plurality of inser- tion
hol es 132 for insertion of a space form ng nenber 4 is stanped out on_an1£}gﬁk-

sheet - shaped adhe- sive nmenber 103 as shown in Figs. 9 and 10.
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(2) "Next;, a space form ng nmenber 4 shown in Fig. 11 having a thickness Hﬁ ,7
nanufactured in such a manner that the thickness t of which is not greate
than the thickness T of the adhesive menber 3 as shown in Fig. 10, that is,

t < T. in consideration of an expansion of a width due to a defornmation of

t he adhesi ve nenber 103 when the adhesive nenber is bonded by heating and
pressuri zing. The space formng nmenber 4 is fornmed of stainless steel so

that it will never be deforned when the adhesive nenber

-_
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I s bonded by heating and pressurizing. The space form ng nenber 4 is :
stanped out by a press- machining operation so as to have a circul ar shape&%/ﬁ{
which is easy to nmanufacture. The bonding steps (3) and (4) of the first -
enbod- inment shown in Figs. 4 and 5 are the sane in the This is the

repl acenent sheet
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-8- second enbodinent after the step (2) thereof and the explanations{§? /77
these 'steps are omtted. (5) As shown in Fig. 12, the space form ng nenbler
4 1s inserted into the insertion hole 132 formed on the adhesive nenber

* 103. The next banding step of this enbodinent is also the sane as the step
(6) of the first enbodi nent shown in Fig. 6. By_neans of the

above- nenti oned operati ons, as
_ i op - F(&.
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shdwn in‘Fig 13, in the adhesive nmenber 103. which is restricted to a

uni form thi ckness by the space form ng nmenber 4 and is then bonded by 6/ 7
heating and pressuriz- ing. the escape hole 31 is contracted when conpar ed
with itself before it is heated and pressurized and thus it is of the sanme
and uniform size as the ink comunication hole 11, so that the adhesive
menber 103 is able to bond the head base nenber 1 and nozzle plate 2 to

each other strongly w thout dogging the nozzle hole 21. Exaanpl es:
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Wth respect to the adhesive nmenber 3 and 103, the present inventors g&ey
experimented, besides the nethod using the sheet-shaped adhesive -ne
. according to the first and second enbodi nents, a nethod which uses a

conventional |iquid adhesive agent such as an epoxy contai ned adhesive
menber (Araldite Co. Type AW1 06), a silicone contained adhesive mem ber
(Toray . Dow Coning . Silicone Co., Type SE 9157L) The resul t
of. t he experlnentatlon reveal ed that mhen t he conv%ﬁl qE%T ui d adhesive
menber is
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used, id& is difficult to apply the adhesive nenber to a clearance b?ﬁ%&?z
t he-head base nmenber 1 and the nozzle plate 2 in a unifarmthicknes$. ¢
the flow or penetration states of the adhesive nenber due to a cap- illary
phenonenon occurring when pressure is applied are affected by the m xing
rati o thereof, changes of envi- ronnental tenperatures and the |ike and
thus are caused to varyfrequently according to such .environnen- tal
conditions, As a result, it is difficult’'to secure stabilized comunication
between the nozzle hole 21 .and ink com =~ ° .

. . ;.v-C'{ : BT . . e
S = < Ay |
| Ay . ;«5,3 ;‘*5.
| (1t £
A ) S

0833088000003 590940883000000090000000000000034000007
OOV wesese bt snnd 0000000000,0000000COOOOQQOOGOOOOOO .

1y » 32' . 3‘/. . 32
. 4 y ﬁ i. ,;fs
. - ] .. —~ D =/ . f- i
| | et

’ Sheet Has Been Re laced

e \\ll\l\\\lll\\\\l\l\\




muni cati on chanber 11. Further, in the case of the sheet- shaped adh%%?%?
menber atcording to the invention, the -9- bondi ng processes were /7.
conpl eted in several seconds when it is bonded by heating and pressuri zi ng.
On the other hand, the liquid adhesive nenber requires a long drying tine
ranging from 30 mnutes to several_ hours.
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For the escape holes 31 fornmed in %he—sh aped adhesi ve nenber 3,

besi des’ t he above- nenti oned nEthod dlng to t he present enbodlnen84$24¢7
whi ch each of- the escape hol'es 31 |s elmwd its diam -eter

equal* to or greater .than the dlaneter l e hole 21, the

appli cants have experi mented énother h no escape hole 31 is
formed at al.l and, after bonded by heating and pressur|2|ng t he adhesive
menbers 3 and 103 are post wor ked fron1external|y by use of an exci mer
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Type INDEX 200) through the nozzle hole 21 formed on the nozzle plate

t hmough the comuni cation cham ber 11 in-the head base nenber 1. Hovveyﬁﬂ/ 7
our exper- inentation showed that this rfrethod is affected by dross‘or the
like. That is, it is found difficult tg post-work the whole.nozzle .

uniformy. Further, i f the‘dianeter D of. the escape hole 31 is.smaller than
the di-ameter d of t'he ink conmmunic j n the head base nenber

1, then the i-nk commruni cati on chan$ £$ nﬁz ole 21 may be cl ogged

when the adhesive renber is ’
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bohded'by heati ng and pressurizing, that is, when the adhesive nenber is
contracted. Wth regard to the deformation preventive holes 32 and 132, the

present

i nventors have al so tested another nethod in which no defornatlon

preventive holes are formed. This test reveal ed that the escape hole 31 can
be caused to vary into a non-circular shape having a directional
characteristic as shown in Fig. 8 due to the contraction of the adhesive

menber

hole 31

3 when it

i s heated and pressurized for bonding, so that the escape
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clogs'the nozzle hole 21 or nozzle communication cham

oblique lines in Fig. 8. Referring to the dianeter, positions,

the like of the defor- imation preventive holes 32 and

however, the ampunt of defornmation

ber 11 as shown by

nunber

and

132, the above-nen-
tioned nethod is found favorable. Further, referring to the space form ng
menber 4, the present inventors have tested another nmethod which does not

use the space form ng nenber 4. According to the result of the test,
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- 10 - of the adhesive nember 3, when it is heated and pres- surized, is
found to vary according to the heating tem Peratures and pressures, the
conditions of the contact surfaces orthe like, with the result that after

t he adhesive nenber 3 is bonded by heating and pressurizing, the dianeter
of the escape hole is caused to vary, whereby the ink comrunication chanber
1 1 or nozzle hole 21 can '

21 <d, 31 32 21 3
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.be* cl ogged. Further, the result of the test revealed that if the thickness
t of the space formng menber 4 is greater than the thickness T of the
adhesi ve nmenber 3, then a width for deformation of the adhesive nenber

Xi sts no longer so that a practical bonding strength can- not be obtai ned.
Figs. 15 to 18 illustrate a third enbodi nent of a sheet-shaped adhesive
menber according to the present invention, which is constructed so as to
band a nozzle plate enployed in an ink jet type recording head,
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and a method of bonding the nozzle plate by use of this sheet-shaped
adhesi ve nenber. In these figures, like parts and conponents are des-
i'gnated by the sanme reference nunerals as the first and second enbodi nents
shown in Figs. 1 to 14. As shown in these figures, a sheet-shaped adhesive
menber 203 is used to bond a nozzle plate 2 to a head substrate 1. The
sheet - shaped adhesi ve nenber 203 is of a hot nelt type which penetrates in
a sem-nmelt state into fine undu- |ations on the surfaces of materials to
be bonded and is

FIG 13
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hat dened therein owing to an anchor effect to thereby bond the two nenbers
'to 'be bonded to each other. The sheet-shaped adhesi ve nenber 203 is forned
of a high nolecular material consisting of a group conprising polyol efin,
nyl on, pol yurethane, and a polyester. A release sheet 30 is adhered on the
whol e surface of the sheet-shaped adhesive nmenber 203 for the purpose of

rei nforcenent and, as shown in Fig. 17, the release sheet 30 will be peel ed
of f after the sheet-shaped adhe- sive nenber 203 is provisionally nounted

to the nozzle f:7(3: 7£;
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pl ate 2. The fundamental structure of the sheet-shaped adhesive menber 203
according to the third enbodi- nent is the sanme as the nenber 3 according

t'o the first enbodiment shown in Fig. 2. Therefore, nerely the dif- ferent
feature will be descri bed. In the third enbodi nent, the dianeter 0 of
t he
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}espective escape holes 31 is set about 1.8 tinmes the dianmeter d of the
nozzle hole 21 to correspond to an anount of conpression [err] of the

“sheet - shaped adhestve nmenber 203. Further,

t he deformation preventive hol es

32, which are fornmed on both sides of the escape holes 31, are formed in
such a manner that the dianeters thereof are substantially the sane as the
di aneters D of the escape holes 31 and also that they are arranged in a
zigzag line where the defornmation preventive holes 32 are staggered with
respect to the line of the escape hol es

FIG. 2ZA

FIG. 22B
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or, asfi Rf’fA%EI?‘ﬁNE SHEf he t hREPLAGED GHEBTSIpe 180 es Gomydhtie
def or nht ? f?é'n‘t ?g f gt nged .such t ha) each L 35080 hgl'e 31
‘Wit h i |'nBag8 ;glt‘?rﬂ?g I§’80 el é’p i egag§ Br'id dcgg'ur -
three h Yol Baged-240 paged 1;1" ch’ P"§e 4 taﬂaqu 3' t wo
tines | M’S&ﬁ@t er: prged. tﬁepwdape h 5 ePagethg TP #2884 -paddi cul ar to
the thjrd enbodi nent of B& et - bﬁﬂlﬁbm v&agﬁ%n’ﬂerm%@d 1 n -4 sheet -
shaped|{ adRATEVEF rRECEIPT2. P]lﬁi frckmess—of—0—50—mrwtir—a—def or mat i on

wi dth of 0.15 mm given, there are
SHEET ADHESIVE MATERIAL FOR BONDING TWO MEMBERS

HAVING SMALL HOLES AND METHOD OF BONDING SAME

The present invention relates to a sheet adhesive .
material for bonding two members having small holes to each

other and a method of.bonding the two members.

In a conventional ink jet type printer using an ink of
a hot melt type as disclosed for example in an Unexamined
Japanese Patent Application (OPI) No. Sho. 61-98547 or an ink.
jet type printer employing a print head of a superposed and
contiguous type as disclosed.i..n U.S. Patent 4,680,595, a nozzle
plate is fixed onto the front .surfa.ce of a head base member in
such a manner that a number of nozzle ports for ejecting ink
formed .in the nozzle plate are arranged respectively to
correspond to a number of ink communication chambers -each
communicating with an ink tank.
] However, in the conventional method an adhesive agent
is simply applied to the contact surfaces of the two members to
thereby bond the two members to each other, which may arise a

problem that the adh?eive a?gent penetrates «and covers the
[ ) ;-.}'
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fOF 1s$h63ﬂﬂis63’eeniﬁ b@éape hol es 31 each having a dianmeter D of 0.38 nmw th
respec of 0.15 to 0.18 mmof the nozzle hole 21 and, on
bét h frl ape hol es 31, there are formed the sane nunber of

def or n preventlve hol es 32 at a distance of 0.70 nmm between the two

preventive hole lines. In Fig ref er @nge nuner.al esi gnab eSy gy fai r
of positioni ngnhetks hMPéh‘-ar‘@‘?(?ége‘é%‘i‘Vel S JFEPEEET a? % ﬁgt hté ends of

t he sheet - shaped adh%%ld\églgggbﬁkgﬁgluggg 205 represents a pair of dunmy

hol es which  2nd am ) . .
The present invention was made in view of the foregoling

drawbacks accompanying the conventional method as mentioned
above. Accordingly, it is an object of the invention to
provide a bonding metho?l capable of bonding surely and fixedly
two members to each other without causing the clogging of the

nozzle holes or ink-failure condition.

This object is solved by the method of bondiﬁg two members, each
having small holes, to each other according to independent claim
1, theé sheet shaped adhesive member of independent claim 22 and
the sheet shaped adhesive material according to independent claim 29.
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.
The invention according to a specific aspect provides a sheet-
- shaped adhesive member for bonding two plate-shaped members each
having small holes, such as a nozzle plate employed in a record:.ng
head of an ink jet type record:.ng _apparatus.

It is another aspect -0f the invention to provide a

sheet-shaped adhesive member capable of surely bonding two
plate members each having small holes to form an integrated
member without producing any clogging. .

It is still another aspect of the invention to provide
2 sheet-shaped adhesive member capable of rgstricting the
deformation of the :sheet-shaped adhesive membex In the
thickness direction the’-eof to thexeby further suppress an

inward defoxrmation of the es? :’ape holes.

P

According to another specific aspect , the invetion
provides * a method for bonding together two. members each
having small holas which, ' ] .
compriges a stap of prov:.s:.anally hondinq by pressurizing onto

a contact surface of ona’ of the t.vo membe*'s a sheet-shaped .
adhesive member having thexeon escape holes each corresponding
to the =mall holes of the membexr and deformation preventive
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are formed at both the ends of the escape hole 31 line in order to absorb
the extension of the escape holes 31 in the |ongitudinal direction thereof
to thereby restrict the deformation of the escape noles 31 in the

| ongi tudi nal direction thereof. Next, description will be given bel ow of a
process of bonding the substrate B and nozzle plate P to each other by use
of the above-nentioned sheet-shaped adheg we nenber 1 with reference to
Fig. 17. At first, with two positioning pins 51 respectively

holes for preventing the escape holes from being deformed, and
‘a.step of bonding by heating and pressurizing the other member
onto the contact surface of the former member.

According to another aspect of the invention, a method
of bonding together two members each having small holes
comprises the steps of provisionally bonding by pressurizing
onto a contact surface of one of the two members a sheet-shaped
adhesive member haviné thereon escape holes corresponding in
position to the respective small iuoles. of the member, ingerting
a space forming member, and bonding by heating and pressurizing
the other member onto the contact surface of the former member.

Fuﬁthermore, according to still another aspect of the
invention, there is provided a sheet-shaped adhesive member
having escape holes each corresponding in position to the
respective small holes of the member and deformation p'reventive
holes disposed adsacent to the escape holes capable of
absorbing an exténsion of the sheet-shaped adhesive member in
the surface direction thereof to thereby suppress an inward

deformation of the escape holes.

Fig. 1 is a view showing a structure of a print head in
an ink jeot type printar to which the present invention is
applied;

Fig. 2 is a plan view of a sheet~shaped a&hesive member

employed in a first embodiment of a method of bonding together tv
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planted on a jig 50 as the reference thereof, the nozzle plate 2 is
positioned on the jig 50 with the adhesive sur- - 12 - face thereof
faci ng upward. Next, with the rel ease sheet 30 nounted an the top surface
t hereof and also with the two positioning pins 51, corresponding in
position to the positioning holes 33 the sheet-shaped adhesi ve nenber

-4 -

members each having small holes according to the present

invention;

Fig. 3 is a side view of the sheert-shaped adhesive
member shown in Pig. 2;

Pig. 4 is o sidc vicw of a positioning step emplayrd inth

first embodiment of the invention;

FPig. 5 is a view of a step of provisionally bonding the
adhesive member employed in the first embodiment of the invention;

| Fig. 6 is a view of a step of ‘substantially bonding a
head substrate, a nozzle plate and the above adhesive member to
one another, which step is employedin the first embodiment of the inv

FPig. 7 is a view of a completely bonded state achieved
according to the invent;on, |

Fig. 8 is a view of the deformed shapes of an escape
hole formed in the adhesive member when no deformation
preventive hole is formed;

Fig. 9 is a plan view of an adhesive member used in a
method of bonding together two members each having small holes
embodying the second embodiment of the invention;.

Pig. 10 is a side view of the adhesive shown in Fig. 9;

Fig. 11 is a perspective view of a épace forming member
used in the sacond embodimant of the invention; - . |

Fig. 12 is a viow of a space forxming member insexting
step in the second embodiment of the invention;

Fig. 13 is a view of a bonded state achieved by the

second embodiment of the invention;
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203 is positioned and placed an the nozzle plate 2. Since the bonding
process of this enbodinent is the sane as that of the first and second
enbodi ments descri bed above and shown in Figs. 5 and 6, the descrip- tion
is omtted. As a result of the bonding process, the sheet-shaped adhesive
menber 203 is conpressed and defornmed in the thickness direction thereof
and at the sane tine it is expanded in+He surface direction thereof. Wth
respect to the |ongitudinal extension of the sheet-shaped adhe-

Fig. 14 is a view of a structure of an ink jJet
recoxding head to which the second embodiment of the invention
is applied;
| Fig. 15 illustrate a third embodiment of a sheet-shaped
adhesive member accordihg to the invention:

Fig. 16 is an enlarged sectional view taken on the line
A-A shown in Fig. 15; '

Fig. 17 is an explanatory view of the third embodiment,
illustrating a step of bonding operation employed in the
invention; | |

Fig. 18 is a seétional view of the third embodiment,
illustrating a state in which the.two_members of which are
bonded together; _

Fig. 19 is a plan view of a fourth embodiment of a
sheet-shaped adhesive member according to the invention;

Fig. 20 shows a £ifth embodiment of sheet-shaped
adhesive member according to the invention;

Fig. 21 iz an explanatory view to show a method of
fitting a deformation restricting spacer 4inte the above
adhesi;re membex}

Fig. 22A is a plan view of main portions of a sixth
embodiment of | a sheet-shaped adhesive member accoxding to the
pPresent lnvention; and

Fig. 228 1s a sectional view of the sixth embodiment,
illustrating a state in which the two membexs of-which are

bonded together.
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sive nenber 203, the respective escape holes 31 absorb the ext ensi ons
t hereof to one another and. Further, wth respect to the extension of the
adhesi ve nenber 203 in the width direction thereof, the defornmation
preventive holes 32, which are disposed on both sides of the escape holes
31, absorb the extensions in the width direction. Therefore, this can
prevent the respective escape holes 31 fr@enrbei ng deforned as nuch as
possi bl e and thus the inner edges of the escape holes 31 can be ept from
comng into the nozzle holes 21. Furthernore, owing to
Fig. 1 is a view showing a structure of a print head of
an ink jet type printer to which the presént invention is
applied.
~ As shown in Pig. 1, a head base member 1 is provided
with an ink communication chamber 11 communicating with an ink
tank 6. The head base member 1 is formed of a high molecular
resin matexrial éuch as polysulfone, polyethersulfone, poly-
carbonate or the like. A nozzle plate 2 is provided with a
nozzle hole 21 fér ejecting an ink droplets 7 and is press-
machined, which plate is forxrmed of electroformed nickel,
stainless steel, beryllium copper or the like. The head base
‘member 1 and the nozzle plate 2 are strongly bonded to each
other by means of an adhesive member 3 .while keeping a
communication between the ink communication chamber 11 and the
nozzle hole 21. After manufactiring the recording head, the
ink droplets 7 is ejected:by driving a PZT 5 onto a recoxding
sheet 8 to thereby achieve printing.
During bonding the above mentioned two mémbexrs, if the
adhesgive member 3 penetrates into and covers the nozzle hole 21
of the nozzle plate 2 to cause the clogging, then the ink
droplets 7 cannot be ejected out, which is a serious défect in
a printer.

The sheet-shaped adhesive membex and method of bonding

together the head substrate 1 and nozzle plate 2 by the sheet-

shaped adhesive member accoxding to a fixast embodiment will now

B



the pair of dummy holes 205 forned at both the ends of the escape hole 31
line, the extension of the escape holes 31 in the longitdinal direction
thereof is effectively suppressed to thereby restrict the deformation of
t he "‘escape holes 31 in the longitudinal direction thereof. Accordingly, the
head base nmenber 1 and nozzle plate 2 can be bonded together w th high
accuracy. Fig. 19 shows a sheet-shaped -adhesi ve nenber according to the
fourth enbodi nent of the invention. In the fourth enmbodi ment, an both sides
of a nunber

be described hereinbelow with reference to accompanied Figs. 2

to 8.

Fig. 2 is a2 plan view of a sheet-shaped adhesive member
3 employed in the first.-embodiment of a method of bonding
together two members each having small holes according to the
present invention, Fig. 3 is a side view of the sheet-shaped
adhesive member 3 éhown,in Fig. 2, Fig. 4 1s a side view of a
positioning step employad in the £first embodiment of the
“invention, Fig. 5 is a view of a step of provisionally bonding
the adhesive member employed in the first embodiment of the
inveﬁtion, Fig. 6 is a view of a step of bonding a head base
member, a nozzle plﬁte and the adhesive member to one another
according to the invention, Fig. 7 is a view of a completely
bonded state achieved according to the invention. - f

The bonding steps will be described in detail as
follows.

(1) First, there is prebared a composite member which
consists of a material of a2 sheet-shaped adhssive membexr (Three
Bond Co.; No. 1604) laminated by a release sheet 30. As shown
in Pig. 7, escape holes 31 arxe stamped out by a press at a
position each corresponding to the respective nozzle hole 21
formed on the nozzle plate 2. In this stamping operation, as
shown in Pig. 3, the diametexr D of the.escape hole 31 is set
with respect to the diameter d of the nozzls hole 21 such that
D 2 d, in consideration of a width for contraction occurxing

when heated and pressurized. A number of escape holes 31 are

"l e



of escape holes 331 arranged in a line, there are forned a plurality of

def ormation preventive slits 332 each hav- ing a width corresponding to the
di-ameter of the escape hole 331. Oning to this structure, the extension of
a sheet-shaped adhesive nenber 303 caused when it is conpressed and
defornmed is absorbed by the deforma- tion of the eeformation preventive
slits 332 to thereby restrict the deforsté@i-on of the escape holes 331 as
much as possible. Fig. 20 shows a fifth enbodi nent of sheet-shaped

arranged in a line in the central portion of the adhesive
member 3. Further, a number of deformation preventive holes 32
are stamped out in upper and lower lines with the central line
of the escape holes 31 disposed therebetween. The diameter of
each of the deformation preventive holes 32 is set to be equai
to that of the escape hole 31. Then, positioning holes 33 are
provided to positioning the adhesive member 3.when bonding and
the outer confiquration of the above-mentioned material of the
adhesive member 3 are stamped out to thexeby produce the sheet-’
shaped adhesivg member 3.

(2) As shown in Fig. 4, the nozzle plate 2 with the
contact surface of which £facing upwardly is put on a
positioning jig 50 having pins 51 and further the adhesive
member 3 with the release sheet 30 disposed on the upper
surface thereocf is mounted on the nozzle plate 2 before the
nozzle platae 2 and adhesiva ‘memh'er 3 are properly positioned
with respect to each other.

(3) Next, as shown in Fig. 5, the positioned nozzle
élnte 2 and adhesiw_re. member 3 mounted on the nozzle plate 2,
together with the positioning jig 50, are set in a heat-
pressure bonding machine 60 (Japan 2Abionics Co. Type TFWAIZSS
and then the adhesive member 3 is provisionally pressure bonded
onto the nozzle plate 2 under the condition of a heating

temperature of 80°C and a pressure of 3 kg/cm*. After that,

the release paper 30 is peeled off.

"l e
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adhesi ve nmenber according to the invention, in which - 13 - deformation
restricting spacers 404 are used for further restricting the defornation of
escape holes 431. In the present sheet-shaped adhesive nenber 403, on both
sides of the escape holes 431 formed in a line, there are forned a nunber
of deformation preventive

-9 -
(4) Afterwards, as shown in Fig. 6, the head base

member 1 is mounted on the adhesive member 3 and then the two
members are positioned with respect to each othex. Then, the
head base member 1, adhesive member 3 and nozzle plate 2 are
finally bonded to one another under the condition of a heating
temperature of 120°C and a pressure of 3 kg/cml.

Consequently, as shown in Fig. 7, the escape hole 31
restricted to a uniform thickness by ﬁ space forming member and
is bonded by heating and pressurizing, will be contracted
between the nozzle hole 21 of the nozzle plate 2 and tﬁe ink
communication chamber 11 of the head base member 1 compared to
itself before the adhesive member 31 is heated and pressurized
for bonding. That is, the adhesive member 3 will be contracted
down to the same and uniform size as the ink through:hole 11 to
thereby bond the nozzle plate 2 and head base member 1 to each
other strongly without clogging the nozzle hole 21.

A sﬁeet-shaped adhesive member and method of Sonding
together a head base member and a2 nozzle plate by tha shaet-
shaped adhesive member according to a second embodiment will be
descxibad hexeinbelow with.refa:onca to accompanying Figs. 9 to
14.

Fig. 9 is 2 plan view of an adhesive member used in a
meﬁhod of bonding togethexr two members each having small holes
embodying the second embodiment of the invention, Fig. 10 is a
side view of the adhésive shown in Fig. 9, Fig. 11 is a

perspective view of a space forming member employed in the

—
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hdles 43z and further, on both sides of the deformation preventive holes

432.

there are fornmed a plurality of spacer insertion holes 424 into which

there is inserted deformation restricting spacers 404 each corresponding to .
t he thickness of the sheet-shaped adhesi ve nenber 403 obtai ned when an

al | owabl e conpression anount [err] is subtracted. In the fifth enbodi nent,
as shown in Fig. 21, the sheet-shaped adlEsive nenber 403 is provisionally
nount ed onto the

S NPZ2h BRI ALEL 2 ¥ kS PRYLAEIBRY JMUYf. 12 is a view of a
space forming member inserting step in the second eﬁbodiment,
Fig. 13 is a view of a bonded state achieved by the second
embodiment, and Fig. 14 is a view of a structure.of an ink jet
recording head to which the second embodiment of the invention
is applied. |

In the drawings, like parts and components are
designaéed by the same reference numerals as the first
embodiméﬁt according to Figs. 1 to 8. The method according to
the second embodiment is similar to the fixst embodiment and,
therefore, merely the different steps are descr;bed
hereinbelow.

(1) ¢The first step is substantially the same as the
step (1) of the first embodiment described above. However, in
the second embodiment, a plurality of insertion holes 132 for
insertion of a space forming member 4 is stamped out on an
sheet-shaped adhesive member 103 as shown in Figs. 9 and 10.

(2) Next, g'space forming member 4 shown in Fig. 11
having a thickness t is manufactured in such a manner that the
thicknass t of which is not greater than the thickness T of the
adhesive membér 3 as shown in Fig. 10, that is, t £ T, in
conaideration of an cxpansion of a width duc +o a do£;=ma£iou

of the adhesive membexr 103 when the adhesive membexr is bonded

by heating and pressurizing., The space forming member 4 is

formed of stainless steel so that it will never be deformed

when the adhesive member is bonded by heating and pressuxizing.
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bel ow a press machi ne 428 and, after that, the respective deformation
restricting spacers 404, which are respec- tively stanped out froma steel
plLate 426, are allowed to fall down into the spacer insertion holes 424.
Oning to this structure, the conpression anount of the sheet-shaped
adhesi ve nmenber 403 can be restricted within an allowabl e range and at the
sane tinme the deformation of the escape hml es 431 can be pre- vented by the
escape hol es 7hl spaded oomimtg menbey dn-ist istanpedeonut32yf ar pgssnmpehining
sides thereof, so that the

operation so as to have a circular shape which is easy to

manufacture. _

The bonding steps (3) and (4) of the first embodiment
shown in Figs. 4 and 5 are the same in the second embodiment
after the step (2) thereof and the explanations of these steps
are émitted.

(5) As shov;m in Fig. 12, the space forming member 4 is
insértéd into the insertion hole 132 formed on the adhesive
member 103.

The next bonding step of this embodiment is also the
same as the step (6) of the firxrst embodiment shown in Fig. 6.

By means of the above-mentioned operations, as shown in
FPig. 13, jrn the adhesive member 103, which is restricted to a
uniform thickness by the space forming member 4 and- is then
bondéd by heating and pressurizing, the escape hole' 31 is
contracted when compared with itself beforxe it is heated and
pressurized and thus it is of the same and uniform size as the
ink communication hole 11, so that the adhesive member 103 is
able to bona the head base membexr 1 and noczzle plate 2 to each
other étrongiy without clogging the nozzle hole 21.

Exampless -

With xeapect to the adhesive membexr 3 and 103, the
present inventors have experimented, besides the method using
the sheet-shaped adhesive member according to the first and

second embodiments, a method which uses a conventional liguid
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nozzl e plate

any cl oggi ng.

2 can be fitted to the head base nmenber 1 wi thout producing
In this enbodinent, if the deformation of the sheet- shaped

adhesi ve nenber 403 is restricted by the defor- mation restricting spacers
404 to a sufficient extent, then the deformation of the escape holes 431
can be restricted to such a degree that the inner edges of the escape holes
cannot come into the nozzle holes 21, eva?2 when the deformati on preventive
hol es 432 ar adhesispe- agenty gughredsorrboeposiyiesontaihedesadipes g epesder

(Araldite Co. Type AW-106), a silicone contained adhesive
member (Toray - Dow_Coning + Silicone Co.; Type SE 9157L) or
the like. The.result of the experimentation revealed that,
when the conventional liquid adhesive member is used, it is
difficult to apply the adhesive member to a clearance between
the ﬁead base member 1 and the nozzle plate 2 in a uniform
thickness. Also, the flow or penetration states of the
adhesive member due to a capillary phenomenon occurrxing when
pressure is applied are affected by thé mixing ratio thereof,
changes of environmental temperatures'and the like and thus arxe
caused to vary frequently according to such environmental
conditions. As a result, it is difficult to secure stabilized.
communication between the nozzle hole 21 and ink communication
chambexr 11. Further, in the case of the shest-shaped adhesive
member according to the invention, the bonding processes were
completed in several seconds when it is ﬁonded by heating and
pressurizing. On the other hand, the liquid adhesive_ﬁember
regquires a long drying time ranging from 30 minutaes to saveral
hours.

Por the escape holes 31 formed in the sheet-shaped
adhesive member 3, besides the a.bove-mentionec} method a.c.;.cording
to the present embodiment in which each of the escape holes 31
is formed such that its diameter D is egual to or greater than

the diameter d of the nozzle hole 21, the applicants have

experimented another method in which no escape hole 31 is
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Figs. 22A and 22B show a si xth enbodi nent of a sheet-shaped adhesi ve nenber
I n which deformation preventive holes are used for storing deformation
restricting spacers. In the sixth enbodinent, there is used as a defor-
mat-i on preventive material a paste material which includes fine grains
conposed of a high nolecular mate- rial such as an epoxy resin, urethane,

- polyimde or the . - 13 -

formed at 2l1ll and, after bonded by heating and pressurizing,
the adhesive members 3 and 103 are post-worked from externally
by use of an excimer laser (Sumitomo Juki Co., Type INDEX 200)
through the nozzle hole 21 formed on the nozzle plate 2 or
through the communication chamber 11 in the head base membexr 1.
However, our experimentation showed that this method is
affected by dross or the like. That is, it is found diffieult
to post-work the whole nozzle uniformly. Further, if the
diameter D of the escape hole 31 is smaller than the diameter
d of the ink communication ché.mber 11 in the head base member
1, then the ink communication chamber 1l or nozzle hole 21 may
Se clogged when the adhgsive member is bonded by heating and
pressuz;izin-g, that is, when the adhesive member is contracted.

With regard to tha deformation preventive holes 32 and
132, the present inventorsz have also tested anothex method in
which no deformation pxeventive holes are formed. This test
revealed that the escape hole 31 can be caused to vary’ into a
non-circular shape having a dirgctional characteristic as 'shown
in Fig. 8 due to the contraction of the adhesive member 3 when
it is heated and pressurized for bonding, so that the escape
hole 31 clogs the nozzle hole 21 or- nozzle communication
chamber 11 as shown by oblique lines in Fig. 8. Referring to
the diametexr, positions, number and the like of the deformation
preventive holes 32 and 132, the above-mentioned method is

found favorable.
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- 14 - like di spersed in a volatile solution and al so which, when heated
and conpressed, is reduced in volune and hard- ened. Further, defornation
preventive paste material 535 is previously applied into each of
deformati on pre- ventive holes 532 respectively formed on both sides of
escape hol es 531 before the sheet-shaped adhesive menber is actually used.
In the sixth enbodinent, if the sheet-shgagped adhe-

Further, referring to the space forming membexr 4, the
present inventors have tested another method which does not use
the space forming member 4. According t6 the result of the
test, however, the amount of deformation of the adhesive member
3, when it is heated and pressurized, is found to vary
acéording to the heating temperatures and pressuxes, the
conditions of the contact surfaces ox the like, with the result
that, after the adhesive member 3 is bonded by heating and
pressurizing, the diameter of the escape hole is caused to
vary, whereby the ink communication chamber 11 ox nozzle haole
21 can be clogged. Furthex, the result of the tesi revealed
that, if the thickness t of the space forming member 4 is
greater than the thickness T of the adhesive member 3, then a
width for deformation of the adhesive member exists no longer
so that a practical bonding strength cannot be obtained.

Figs. 15 to 18 illustrate a third embodiment of a
sheet-shaped adhesive member according to the present
invention, which ig constructed so as to bond a nozzle plate
employad in an ink jet type racording head, and a mathoed of
bonding the nozzle plate by use of this shoet-shaped adhssive
member.

In these figures, like parts and compone#ts are
designated by the same reference numerals =zs the.firat and
second emﬁodiments shown 1in Figs. 1 to 1l4. As shown in these
figures, a sheet-shaped adhesive member 203 is used to bond a

nozzle plate 2 to a head substrate 1. The sheet-shaped
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sive nenber

1 is heated
535 is contr
conpr essi on

503 inter éﬁﬁkigggmeen the nozzle plate 2 and head base nenber
a f then the defornmation preventive paste nateri al
agmﬁﬁmﬂﬁks by an anount corresponding to the

a f the sheet-shaped adhesive nenber 503 and, at

the sane tine, the paste material 535 is contracted in the outside dianeter
thereof and is hardened. As a result, 4115 deformati on of the sheet-shaped
adhesi ve nmenber 503 in the thickness direction thereof is restricted by the

def ornati on

pihoeive member 203 is of a hot melt type which penetrates in
a semi-melt state into fine undulations_dn the surfaces of
materials to be bonded and is hardened therein owing to an
anchor effect to thereby bond the two members to be bonded to
each other. ] The sheet-ghaped adhesive member 203 is formed of
a high molecular material consisting of a gréup comprising
polyolefin, nylon, polyurethahe, and a polyester. A release
sheet 30 is adhered on the whole surface of the sheet-shaped
adhesive member 203 for the purpose of reinfbrcement and, as |
shown in Fig. 17, the release sheet 30 will be peeled off after

the sheet-shaped adhesive member 203 is provisionally mounted

to the nozzle plate 2.

The fundamental structure of the sheet-shaped adhesive
member 203 according to the third embodiment is the same as the
member 3 according to the first | embodiment shown in Filg. 2.
Therefore{ merely the different feature will bae dascxibed.

In the third embodiment, the diameter D of the
respeagtive ascape holes 31 is set about 1.8 times the diameter
d of the nozzle hole 21 to coxxespond to an amount of
compression At of the sheet-shaped adhesive member 203.
Fuxthexr, the deformation preventive holes 32, which are formed
on both sides of the escape holes 31, are formed in such a
manner that the diameters thereof are substantially the same as

the diameters D of the escape holes 31 and also that they are
arranged in a zigzag line where the deformation preventive ho
32 are staggered with respect to the line of the escape héles
as indicated in Fig. 15, where the three rows of escape holes
and the deformation preventive holes 32 are arranged such t
each escape hole 31 v‘vith its adjoining deformation prevent
holes 32 forms a column of three adjoining holes at a
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tive paste material 535 and, at the sanme tine, the exten- sion of the
sheet - shaped adhesive nenber 503 in the surface direction thereof is
absorbed by a clearance forned between the paste nmaterial 535 and

def ormati on preventive hole 532. so that the inward deformation of the

escape hol es 532 can be further suppressed. As described above,

accordi ng

to the present inven- tion, waen bondi-ngétwo nmenbers each havi ng smal

b o CeaiAsEheS: 5 P3G AR AP S0 ELnd 8oL BaREtRRoDB"S

the escape hole 31. _
| Referring hexe in particular to the thixd embodiment of
the sheet-shaped adhesive member 203, in a sheet-shaped
adhesive member 203 having a thickness of 0.50 xm with a
deformaﬁion width of 0.15 mm given, the:e are formed a number
of escape holes 31 each having a diameter D of 0.38 mm with
respect to the diameter of 0.15 to .0.18 mm of the nozzle hole
21 and, on both sides of the escape holes 31, therxre are formeﬁ
the same number of deformation ﬁreventive holes 32 at a
distance of 0.70 mm between the two preventive hole lines.,

In Fig. 15, reference numeral 33 designates 2 pair of
positioning holes which are respectively disposed at both the
ends of the sheet-shaped adhesive member 203, and 205
represents a pair of dummy holes which are formed at both the
ends of the escape hole 31 1line in oxder to absorb the
extension of the escape holes 31 in the longitudinal direction
thereof to. thereby restrict the deformation of the aescape holes
31 in the longitudinal direction thereof. |

Next, déscription will be given below of a pxocess of
bonding the substrate B and nozzle plate:P to each othe; by use
of the above-mentioned sheet-shaped adhesive member 1 with
referxence to Fig. 17.

At rirst, with two positioning pins 51 respectively
planted on a jig 50 as the reference thereof, the nozzle plate

2 is positioned on the jig 50 with the adhesive surface thexeol

I S
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hol es of one nenber and deformation preventive holes for preventing the
escape holes from being deforned is provisionally bonded by pressurizing
anto one nenmber and then the other member is bonded by heating and
pressurizing onto the contact surface of the one nenber, so that the two
menbers can be bonded together strongly Ihd efficiently w thout causing any
hol e cl og- ging. Further, when bondi ng together two _ nenbers each Q?vin%
smal | hol es fadiexe upwandyi Newtal Mithoided nglenss sheet 30 mounted on the

top surface thereof and also with the two positioning pins 51,
correspondiné in pésition to the positio.ning holes 33 the
sheet-shaped adhesive member 203 is positioned and placed on
the nozzle plate 2. _

Since the bonding process of this embodiment is the
same.as that of the firxst and second embodiments described
above and shown in Figs. 5 and 6, the description is omitted.

As a xesult of the bonding process, the sheet-shaped
adhesive member 203 is compressed and deformed in the thickness
diraction thereof and at the same time it is expanded in the .
surface direction thereof. With respect to the longitudinal
extension of thg sheet-shaped adhesive member 203, the
respective escape holes 31 absorb the extensions thereof to one |
another and. Further, with respect to the extension of the
adhesive membex 203 in the width direction thereof, the
deformation preventive holes.32, which are disposed on both-
sides of the escape holes 31, ;bso:b thelextensions in the
width direction. Therxefore, this can prevént the xespeotive
escape holes 31 £rom being deformed as much as possible and
thus the innexr edges of the escape holes 31 can be kept fxom
coming into the nozzle holes 21. Furthermore, owing to the
pair of dummy holes 205 foxmed at both the ends of the escape
hole 31 line, the extension of the escape holes 31 in the
longitudinal direction thereof is effectively suppressed to .

thereﬁy restrict the deformation of the escape holes 31 in the

A



sur2|ng onto one of the two nmenbers a sheet-shaped adhesi ve nenber which

i ncl udes therein escape hol es respectively corresponding to snmall hol es of
the one nenber, space form ng nenbers each having a proper thickness being
inserted into the sheet - shaped adhesi ve - 15 - menber, and the other
menber is then bonded to the - 18 - '

longitudinal direction thereof. Accordingly, the head base
member 1 and nozzle plate 2 can be bonded together with high
accuracy. |

Fig. 19 shows a sheet-shaped adhesive member according

~ to the fourth embodiment of the invention. _

In the fourth embodiment, on both sides of a number of
escape holes 331 arranged in a line, there arxe forxrmed a
plurality of deformation preventive slits 332 each having a
width corresponding to the diameter of the escape hole 331.
Owing to this structure, the extension of a sheet-shaped
adhesive member 303 caused when it is compressed and deformed
is absorbed by the deformation of the deformation preventive
glits 332 to thereby restrict the deformation of the escape
holes 331 as much as poésible.

Fig. 20 shows .a £fifth embodiment of shest-shaped
adhesivé member according to tha invention, in which
deformation restricting spacers 404 are used for further
restricting the deformation of escape holes 431.

In the present sheet-shaped adhesive member 403, on
both s.ides of the escape holes 431 forme_cl in a line, there are
formed a number of deformation preventive holes 432 and
further, on both sides of the deformation preventlve holes 432,
there are formed a plurality of spacer insertion holes 424 into
which thexe is inse;téd deformation restricting spacers 404

each corresponding to the thickness of the sheet-shaped
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céntact surface of the one menber by heating and pres- surizing the
adhesi ve nenber. OMng to this, the two nenbers each having small hol es can
be bonded together strongly and highly efficiently wi thout causing any hol e
cl ogging. In the foregoing description, the present invention has been
descri bed by way of an exanple in which ylge_head base nenber 1 and nozzle
plate 2 respectively used in a ink jet printer are bonded to each other.
How ever, tddhesirceatimamber nd03| iolitaddheadevwben @m t hdlobppleutconpression
amount At is subtracted.

In the fifth embodiment, as shown in Fig. 21, the
sheet-shaped adhesive member 403 is provisionally mounted onto
the nozzle plate 2 and is positioned just below a press machine
428 and, after that, the respective deformation restricting
épape¥s 404, which are respectivelf stamped out from a steel
plate 426, are allowed to fall down into the spacer insertion
holes 424. _

Owing to this structure, the compression amcunt of the
sheet-shaped adhesive meﬁber 403 can be restricted within an
‘allowable range and at the same time the deformation of the
escape holes 431 can be prevented by the escape holes 431 and
deformation preventive-holes-432 formed on both sides thereof,
go that the nozzle plate 2 can be fitted to the head base
mnember 1 without producing any clogging.

In this embodiment, if the deformation of the sheet-
shaped adhesive member 403 is restricted by the deformation
rastricting spacers 404 to a sufficient extent, then the
deformation of the escape holes 431 can be restricted to such
2 degree that the inner edges of the escape holes cannot come
into the nozgzle holes 21, even when the deformation préventive

holes 432 axe not specially formed on both sides of tha escape

holes 431.

I
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can al so apply as neans for bonding together other kinds of two nmenbers
each having small holes which may be cl ogged with an adhesive nenber.
Further, the invention may al so be applied to an adhesi ve nmenberwhi ch bonds
toget her two nenbers such as a water sprinkler or the |Iike, which
respectively have small hol es. - 16 -20 -

Figs. 22A and.ZZB show 2 sixth embodiment of a sheet-
shaped adhesive member in which defcrmatioﬂ preventive holes
are used for sﬁoring deformation restricting spacers.

In the sixth embodiment,'there is usedﬁas 2 deformation
preven}:ive material a paste ma,terial which includes fine grains
composed of a high molecular material such as an epoxy resin,
urethane, polyimide or the like dispersed in a volatile
solution and also which, when heated and compressed, is reduced
in volume and hardened. Further, deformation preventive paste
material 535 is previously applied into each of deformation
preventive holes 532 respectively formed on both sides of
escape holes 531 before the sheet-shaped adhesive member is
actually used,

In the sixth embodiment, if the sheet-shaped adhesive
member 503 intexposed between the nozzle plate 2 and head base
member 1 is heated and piessu:;ized, then the deformation
preventive paste material 535 is contracted in thickness by ;n
amount cc.;:rresponding to the compression amount width At of the
sheet-shaped adhesive mombexr 503 and, at tha =zame time, the
paste material 535 i1is contractad in tha outside diameter
thereof and is hardened. Aas a result, the deformation of the
sheet-shaped adhesive member 503 in the thickneés di;ection
thereor_ is restricted by the deformation preventive paste
mater.i;al 535 and, at the same time, the extension of the sheet-
shaped adhesive member 503 in the surface direction thereocf is

absorbed by a clearance formed between the paste material 535
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Cains 1. A nethod of bonding two nenbers each having small holes to each
ot her, conprising the steps of: preparing first and second nenbers each
havi ng a nunber of snmall holes; preparing a sheet-shaped adhesi ve nenber;
form ng escape holes an said sheet-shaped adhe- sive nmenber at a position
each corresponding to said hol es of sai @if i-rst rrenber nounting said
sheet - shaped adhesi ve nenber onto

and deformation preventive hole 532, so that the inwaxd

deformation of the escape holes 532 can be further suppressed.

As described above, accordiné to the present invention,
when bonding two members each having small holes to each other ’
a sheet shaped -adhesive member including escape holes each
.corres;pondi'ng to the small holes of one member and deformation
pré;rentive holes for preventing the escape holes from being
deformed is provisionally bonded by pressurizing onto one
member and then the other member is bonded by heating and
pressurizing onto the contact surface of the one member, so
that the two members can be bonded together strongly and
efficiently without causing any hole clogging.

Further, when bonding together two members each having
small holes, there is provisicnally bonded by pressurizing onto
one of the two membars a sheet-shaped adhesivae maembex which
includes therain ascape holes respactively corrasponding to
small holes of the one member, space forming members each
having a propexr thickness Jbéing inserted into the sheet-shaped
adhesive member,; and the othex membé: is then bonded to the
contact surface of the one member by heating and pressur:!.zing
the adhesive member. Owing to this, the two members each
having small holes can be bonded together strongly and highly
efficiently without causing any hole clogging. _

In the foregoing description ’ the present invention -has
been described by way of an example in which the head base

membexr 1 and nozzle plate 2 respectively used in a ink jet
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said first menber; first heating and pressing said first nmenber and said
sheet - shaped adhesi ve nmenber nounted on said first nmenber for bonding to
each other to forma pre- form nounting said second nenber on said
preform and second heating and pressing said preformand said second
menber nounted on said preformfor bond-2png said first and second nenbers
to each other through said sheet-shaped adhesi ve nenber.

printer are bonded to each other. However, the invention is
not limited thereto or thereby, but it can ;lso apply as means
for bonding together othex kinds of two members each having
small holes which may be clogged with an. adhesive member.
Further, the invention may also be applied to an adhesive
member which bonds together two members such as a water

sprinkler or the like, which respectively have small holes.
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2 The nethod of Claim1l, further conprising a step of form ng a nunber of
deformation preventive holes in uoper and lower lines with the central |ine
of said escape hol es disposed therebetween at the sane tinme of said step of
form ng said escape holes. 3. The nmethod of Claim1l or 2. further
conprising a step of formng a pluralityg3of. insertion holes for inser- tion
of a space form ng nenber on said sheet- shaped adhesive nenber at the sane
tinme of said step of forming said escape hol es. ThISSheetHaSBeenReiilace

CLATMS

1. A method of bonding two members each having small holes
to each other, comprising the steps of:

- preparing first and second members each having a number
of small holes;

preparing a sheet-shaped adhesive member;

forming escape holes on said sheet-shaped adhesive member
at a position each corresponding to said holes of said
first members;

mounting said sheet-shaped adhesive member onto said
first member; '

first heating and pressing said first member and said
sheet-shaped adhesive member mounted on said first member
for bonding to each other to form a preform;

mounting said second member on said preform; and

second heating and pressing said preform and said second
member mounted on said preform for bonding said first and
second meémbers to each other through said sheet-shaped
adhesive member.

2. The method of Claim 1, further comprising a step of
forming a number of deformation preventive holes in upper
and lower lines with the central line of said escape
holes disposed therebetween at the same time of said step
of forming said escape holes.

4
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4. The method of any one of the preceding Cains, wherein said first
heati ng and pr &, is' ng step takes place under the condition of a heating

tenperature of t pidicedhd a pressure of about 3 kg/cnferr], and
sai d second heat]i ’ ng step takes place under the condition of a
heati ng t enper at 20[err] C_apgl a pressure of about 3

kg/cnferr]. :

3. The method of Claim 1 or 2, further comprising a step of
forming a plurality of insertion holes for insertion of a
space forming member on said sheet-shaped adhesive member
at the same time of said step of forming said escape
holes.

4. The method of any one of the preceding Claims, wherein
said first heating and pressing step takes place under
the condition of a heating temperaturé of about 80°C and
a pressure of about 3 kg/cm?, and said second heating and
pressing step takes place wunder the condition of a
heating temperature of about 120°C and a pressure of
about 3 kg/cmz.

5. The method of any one of the preceding Claims, wherein
said sheet-shaped adhesive member is composed of a sheet-
shaped adhesive material and a release sheet laminated
onto said sheet-shaped adhesive material , said release
sheet being peeled off said sheet-shaped adhesive
material after said first heating and pressing step.

6. The method of any one of the preceding Claims, wherein
said second member is a head base member of a printing
head of an ink Jjet type recording apparatus and said
first member is a nozzle plate having nozzle holes for
ejecting ink droplets.

7. The method of any one of the preceding Claims, wherein
said sheet-shaped adhesive member is of a hot melt type.

8. The method of Claim 7, wherein said sheet-shaped adhesive
member is formed of a high molecular material consisting
essentially of a group comprising a polyolefin, nylon,
polyurethane, and polyester.
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- 17 - 5. The nethod of any one of the preceding O ains. wherein said
sheet - shaped adhesi ve nenber is conposed of a sheet-shaped adhestve———
material and a rel ease sheet |am nated onto said sheet This &lRed8 BOGRL\E

material, said release sheet being peeled off said sheet . lacf’/d_e
material after said first heating and prass+ ng step. 6. ' any
S mem

one of the preceding Cains. wherein said second nenber |

9. The method of Claim 6 or 7, wherein said head base member
is formed of a high molecular resin material consisting
of a group comprising polysulfone, polyethersulfone and
- polycarbonate, and said nozzle plate is formed of a
material consisting of a group comprising electroformed
nickel, stainless steel and beryllium copper.

10. The method of Claim 3 , or any claim dependent on claim 3,
wherein a thickness of said space forming member is not
greater than a thickness of said sheet-shaped adhesive
member.

11. The method of Claim 3 or any claim dependent on claim 3,
wherein said space forming member is formed of stainless
steel. '

12. The method of Claim 3 or any claim dependent on claim 3,
wherein said space forming member has a circular shape.

13. The method of any one of the preceding Claims, further
comprising a step of forming positioning holes at both
the ends on said sheet-shaped adhesive member preferably
at the same time of said step of forming said escape
holes. '

14. The method of Claim 2 or any claim dependent on claim 2,
further comprising a step of forming a pair of dummy
holes at both ends of said escape hole line .preferably at
the same time of said step of forming said escape holes.

15. The method of Claim 6 or any claim dependent on claim 6,
wherein a diameter of each said escape holes is set about
1.8 times the diamet_:e'r of said nozzle hole to correspond
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bér of a printing head of an ink jet type recording aﬁBaFEFUE“Eﬁa‘Sa%d-—
first menber is a nozzle plate having nozzle holes for & 4t Hgs BeakR,

droplets. 7. The nethod of any one of the preceding d ai eﬂmﬁ
sheet - shaped adhesi ve nenber i.s of a hot nelt type. 8 T aim
7. wherein said sheet-shaped adhesive-nagber is formed of a high” ul ar
mat erial consisting essentially of a group conprising a polyolefin. nylon, "
pol yur et hane, and pol yester. . '
to an amount of compression of said sheet-shaped adhesive

menmber.

16. The method of Claim 15, wherein said sheet-shaped
adhesive member has a thickness of about 0.50 mm with a
deformation width of about 0.15 mm given, said escape
holes each has a diameter of about 0.38 mm and said
nozzle hole has a diameter of 0.15 to 0.18 mm, and the
same number of said deformation preventive holes are
located at a distance of about 0.70 mm between said two
preventive hold lines.

17. The method of any one of the preceding Claims, further
comprising a step of forming a plurality of deformation
preventive slits each having a width corresponding to the
diameter of said escape hole.

18. The method of Claim 2 or any claim dependent on claim 2,
further comprising a step of inserting spacers in said
deformation preventive holes before said first heating
and pressing step.

19. The method of Claim 18, wherein said spacers comprise a
deformation preventive paste material.

20. The method of Claim 19, wherein said paste material
comprises fine grains composed of a high molecular
material dispersed in a volatile solution.

21. The method of Claim 20, wherein said high molecular
material consists of a group comprising an epoxy resin,
urethane and polyimide.

e
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9. The nethod of Caim6 or 7, wherein said head base nmenber is formed nf a
hi gh nol ecul ar resin material consisting of a group conprising polysulfone,

pol y- et her sul fraisShearighs Bednyepiidaonat e, and said nozzle plate is fornmed of a
The nmethod of Claim 3. or any claim

mat eri al consi st conprising el ectroforned nickel, stainless
steel and beryl |} _
dependent on claim 3, """ a thickness7 of said space form ng member is

not greater than a thickness of said

22. A sheet-shaped adhesive member (3, 103, 203, 303, 403,
503) interposed between two members (1, 2) each having
small holes (11, 21) for bonding the two members (1, 2)
into an integrated member wupon being heated and
pressurized, the sheet-shaped adhesive member (3, 103,
203, 303, 403, 503) comprisés escape holes (31, 331, 431,
531) formed on said sheet-shaped adhesive member, said
escape holes (31, 331, 431, 531) corresponding in
position to the small holes (11, 21) of the two members
(1, 2).

23. The sheet-shaped adhesive material of Claim 22, wherein
said sheet-shaped adhesive member further comprises
deformation preventive holes (32, 132, 332, 432, 532).

24, The sheet-shaped adhesive material of Claim 23, wherein
said deformation preventive holes (32, 132, 432, 532) are
disposed adjacent of said escape holes (31, 331, 431,
531).

25. The sheet-shaped adhesive material of Claim 23 or 24,
wherein said deformation preventive holes (32, 132, 332,
432, 532) are disposed on both sides of said escape holes
(31, 331, 431, 531) arranged in a line.

26. The sheet-shaped adhesive material of Claim 23 or 24,
wherein said deformation preventive holes are slit-shaped
holes (332) extending along the two sides of said escape
hole (31, 331, 431, 531) line.

27. The sheet-shaped adhesive material of any one of Claims
22 to 26, further comprising a deformation restricting

piece (4, 404) embedded in said sheet-shaped adhesive
hlc
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sheet - shaped adhesi ve menber. 11. The met hod of O aim 3 or—an
dependent on claim 3. wherein said space form ng nenber

Qr
stainless steel. 12. The nethod of Caim3 or any cIa|n1dep
i s the repl acenent sheet - 18 - ’ I Si,’
. - 28 -

member for restricting an amount of contraction of said
sheet-shaped adhesive member in the thickness direction
thereof.

28. The sheet-shaped adhesive material of any one of Claims
23" to 27, further comprising paste-shaped deformation
restricting agent (535) inserted into said deformation
preventive holes (532).

29. A sheet-shaped adhesive m&terial (103) interposed between
two members (1, 2) each hav1ng small holes (11, 21) for
bonding the two members (1, 2) into an integrated member
upon being heated and pressurized, said sheet-shaped
adhesive member (103) " comprising escape holes (31)
corresponding in position to the small holes (11, 21) of
the members and a deformation restricting piece (4) for
restricting an amount of contraction of said sheet-shaped
adhesive member (103) in the thickness direction thereof.

LR 0 0
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claim 3, wherein said space form ng nenber has a circul ar shape. 13. The
nmet hod of any one of the preceding Cains. fur- ther conprising a step of
form ng positioning holes at both the ends on said sheet-shaped adhesive
menber preferably at the sane tine of said step_of formng said escape

hol es. 14. The nethod of Cdaim2 or any claim eﬂﬂSCE-IEETWMS?'BE'E!‘m 2, further

conprising a step of form ng a pair of- (219rm=y hgl es arREpE)AdEDends ¢f said
escape hol e

SHEET ADHESIVE MATERIAL FOR BONDING TWO MEMBERS
HAVING SMALL HOLES AND METHOD OF BONDING SAME

ABSTRACT

A method of bonding together two members (1, 2) each having
small holes (11, 21), the method comprising the steps of
provisionally bonding by pressurizing onto the contact
surface of one of the members (1, 2) each having small holes
a sheet-shaped adhesive member (3) including escape holes
(31) respectively corresponding to the small holes (11, 21)
and deformation preventive holes (32) for preventing the
escape holes (31) from being deformed, and bonding by heating
and pressurizing the other member onto the contact surface.

FIGURE 7.

is Sheet Has Been Re; laced

||II|I|I Mt

This is the replacement sheet

Date: = 2 NOV 8%



line preferably at the sane tinme of said step of form ing said escape

hol es. 15. The nethod of Caim6 or any clai mdependent on claim®6. wherein
a di aneter of each said escape holes is set about 1.8 tines the dianeter of
said noz- zle hole to correspond to an anmount of conpression of said
sheet-shaped adhesive nmenber. 16. The nethod of C aim 15, wherein said
sheet - shaped adhesive nenber has a thiekbness of about 0.50 mMmmwith a

def ormati on wi dth of about 0.15 mm given,

FIG. T
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sai d escape hol es each has adi aneter of about0.38 nm and said nozzle hole

has a di aneter

of 0.15 to 0.18 mm and the sane nunber of said deformation

preventive holes are |located at a distance of about 0.70 mm between said

two preventive hold |ines.

17. The method of any one of the preceding

Clainms, fur- ther conprising a step of farmng a plurality of defor- mation
preventive slits each having a width cer2esponding to the dianeter of said
1. The method of Caim2 or any clai mdependent on

escape hol e.
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claim?2, further conprising a step of inserting spac- ers in said
def ormati on preventive holes before said first heating and pressing step.
19. The method of C aim 18, wherein said spacers com prise a deformation
preventive paste material. - 19 - 20. The nethod of Caim 19, wherein
sai d paste nate- .
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rial conprisesfine grains conposed of a high nolec- ular material dispersed
in a volatile solution. 21. The nmethod of C aim 20. wherein said high

nol ec- ular material consists of a group conprising an epoxy resin,

uret hane and polyimde. 22. An integrated nenber, conprising: two nenbers
(1.2) each having small holes (11, 21); and a sheet-shaped adhesive nenber
(3,103, 203, 303, 403. 503) interposed-bat ween said two nem bers and
adapted to bond the two nenbers (1. 2) to

FIG. 10
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formsaid integrated nenber, wherein the sheet- .shaped adhesive nenber (3,
103, 203. 303, 403, 503) conprises escape holes (31. 331. 431, 531) forned
on sai d sheeet-shaped adhesive nenber, said escape holes (31, 331, 431,
531) correspond- ing in position to the small holes (11. 21) of the two
menbers (1. 2); and wherein said sheet-shaped adhesi ve nenber further
conprises deformation preventive hol es-(82- 132,332, 432, 532). 23. The

i ntegrated nenber of Claim22. wherein said

FIG. 13
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def or mat i on preventive holes (32,132.432,532) are disposed_adjacent of said
escape holes (31. 331, 431,531). 24. The integrated nenber of Caim 23,
wherein said deformation preventive holes (32, 132, 332, 432‘hns58e’é)Ha’sB€enRLe’ilaced

di sposed on both sides of said escape holes (31, 331, 431, 53 mm

a line. 25. The integrated nenber of Caim23, wherein said
preventive holes are slitshaped hol es (-382) extendi ng al ong the
of said escape

FIG. 15
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hol e (31. 331, 431, 531) line. 26 The integrated nenber of any one of
Clains 22 to 25, further conprising a deformation restricting This is the
repl acenent sheet - 20 - piece (4, 404) enbedded in said sheet-shaped

adhesi ve nenber adapted to restrict an anount of

-7 -
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contraction of said sheet-shaped adhesive nmenber in the thickness direction
thereof. 27. The integrated nenber of any one of Clains 23 to 26, further
conpri sing paste-shaped deformation restricting agent (535) inserted into
said deformation preventive holes (532). This is the replacenent sheet
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~2i - and deformati on preventive hole 532, -so that the inward def g@%{%%
e et 30 an be further suppressed. As described ad .
:Xiﬁ?&#&?ﬁ Sor 88e

NB‘: ’EFeT i nvention, when bonding two nenbers each having
é DrsriptionF @egado, daanest frer

, a sheet shaped adhesi ve nenber including escape
Shin) eactpagadr >doqmpetl ; o the small hol gs_of one nenber and defornation
Prawing(s) v pajeal Stofpage INDHESTVEN A RIRIAL 0k BORDI i AWoDEMBERS! BherNgEd | S

Pbstydcsi 0Aphged hABGREedSIADI OB ES | WD EETHOD COFOBENDTRALSAMEANd then the ot her
menber is bonded by heatijng and

DATE OF RECEIPT [0/} Descfiption

The presant invention relates to a sheet adhesive
material for banding twe membaers having small holes to
each ather and a method of banding the two members.

In a conventianal ink jet type printer using an ink of
a hot melt type as disclosed for example in an Unexam-
ined Japanese Patent Agglication (OP!1) No. Sho. 61-
98547 or an ink jet type printer employing a print head

- of a superposed and contiguous type as disclosed in
U.S. Patent 4,680,595, a nozzle plate is fixed anto the
front surface of a head base member in such a manner

. that a number of nozzle ports for ejecting ink formed in

-the nozzle plate are arranged respectively to correspond
to a number of ink communication chambers each com-
municating with an ink tank.

However, in the conventional method an adhesive
agentis simply appiied to the contact surfaces of the two
members to thereby bond the two members to each

- other, which may arise a probiem that the adhesive agent
penetrates and covers the nozzie holes to thereby cause
the clogging of the nozzle holes and an undesired ink-
failure.

. Document JP-A-4014458 discloses a method of |
applying an adhesive material to the entire surface of one
side of at least one of a plurality of perforated plates. An
excimer laser is used to remove adhesive that may clog

~ -the perforations.

The present invention was made in view of the fore-

\ going drawbacks accompanying the conventional |
method as mentioned above. Accordingly, it is an object
of the invention to provide a bonding method capable of
bonding surely and fixedly two members to each ather
without causing the clogging of the nozzle holes or ink-
failure condition.

This abject is solved by the method of banding two
members, each having small holes, to each other
according to independent claim 1 and the sheet shaped
adhesive member of independent claim 22. Further
advantageous features, aspects and details of the inven-
tion are evident from the depenent claims, and descnp-
tion and the drawings.

The invention according to a specific aspect pro-
vides a sheet-shaped adhesive member for bonding two ... is the replacement =
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pressurizing onto the contact surface of the one menber, so that the two
menbers can be bonded together strongly and efficiently w thout causing any
hol e cl oggi ng. Further, when bondi ng together two nmenbers each hating small
hol es, there is provisionally bonded by pressurizing onto one of the two
menbers a sheet-shaped adhesi ve nenber which includes therein escape hol es
respectively corresponding to small holes of the one nenber, space form ng
menbers each having a proper thickness™ %éing inserted into the
sheet - ahaped adhesi ve nenber, and the other menber is then bonded to the

plate-shaped members each having small holes, such
as a nozzie plate employed in a recording head of an ink
jet type recording apparatus.

It is another aspect of the invention to provide a
sheet-shaped adhesive member capable of surely bond-
ing two plate members each having smalt holes to form
an integrated member without producing any clogging.

It is still another aspect of the invention to provide a
sheet-shaped adhesive member capable of restricting
the deformation of the sheet-shaped adhesive member
in the thickness direction thereof fo thereby further sup-
press an inward deformation of the escape holes.

According to another specific aspect, the invention
provides a method for bonding together two members
each having small holes which comprises a step of pro-
visionally bonding by pressurizing ontc a contact surface
of one of the two members a sheet-shaped adhesive
member having thereon escape holes each correspond-
ing to the small holes of the member and deformation
preventive holes for preventing the escape holes from
being deformed, and a step of bonding by heating and
pressurizing the other member onto the contact surface
of the former member.

According to ancther aspect of the invention, a
method of bonding together two members each having
small holes comprises the steps of provisionally bonding

- by pressurizing onto a contact surface of one of the two
- members a sheet-shaped adhesive member having ther-
eon escape holes corresponding in position to the
respective small holes of the member, inserting a space
forming member, and bonding by heating and prassuriz-
ing the other member onto the contact surface of the
former member.

Furthermore, according to still another aspect of the
invention, there is provided a sheet-shaped adhesive
member having escape holes each corresponding in
position to the respective small holes of the member and
deformation preventive holes disposed adjacent to the
escape holes capabile of absorbing an extension of the
sheet-shaped adhesive member in the surface direction
thereof to thereby suppress an inward deformation of the
escape holes. '

This is the replacement sheet
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sconfact surface of the one nenber by heating and pressurizing the adhesive
penber. Onng to this, the two nenbers each having small hol es can be
bonded together strongly and highly efficiently w thout causing any hole
clogging. In the foregoing description, the present invention-has been
descri bed by way of an exanple in which the head base nenber 1 and nozzle
plate 2 respectively used in a ink jet-3 -

Fig. 1 is a view showing a structure of a print head
in an ink jet type printer to which the present inven-
tion is applied;

Fig. 2 is a plan view of a sheet-shaped adhesive
member employed in a first embodiment of a method
of bonding together two members each having small
holes according to the present invention;

Fig. 3 is a side view of the sheet-shaped adhesive
member shown in Fig. 2;

Fig. 4 is a side view of a positioning step employed
in the first embodiment of the invention;

Fig. 5is a view of a step of provisionally bonding the
adhesive member employed in the first embodiment
the invention;

Fig. 6 is a view of a step of substantially bonding a
head substrate, a nozzle plate and the above adhe-
sive member to one ancther, which step is employed
in the first embodiment of the invention;

Fig. 7 is a view of a completely bonded state
achieved according to the invention;

Fig. 8 is a view of the deformed shapes of an escape
hole formed in the adhesive member when no defor-
mation preventive hole is formed;

Fig. 9 is a plan view of an adhesive member used in
a method of bonding together two members each
having small holes embodying the second embodi-
ment of the invention;

Fig. 10is a side view of the adhesive shownin Fig. 9;
Fig. 11 is a perspective view of a space forming
member used in the second embodiment of the
invention:

Fig. 12 is a view of a space forming member insert-
ing step in the second embodiment of the invention;
Fig. 13 is a view of a bonded state achieved by the_
second embodiment of the invention;

Fig. 14 is a view of a structure of an ink jet recording
head to which the second embodiment of the inven-
tion is applied;

'Figs 15 illustrate a third embodiment of a sheet-
shaped adhesive member according to the inven-
tion;

Fig. 16 is an enlarged sectlonal view taken on the

line A-A shown in Fig. 15; This is the reptacement sheet
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- 22 - printer are bonded to each other. However, the invention is not
I|n1ted thereto or thereby, but it can also apply as nmeans for bondi ng
together ot her kinds of two nenbers each having snmall hol es which may be
cl ogged with.an. adhesive nenber. Further, the invention may al so be
applied to an adhesi ve nenber which bonds together two nmenbers such as a
water sprinkler or the Iike, which respegtively have snall holes. This
Sheet Has Been Re | aced

Fig. 17 is an explanatory view of the third embodi-

ment, illustrating a step of bonding operation

employed in the invention;

Fig. 18 is a sectional view of the third embodiment,

illustrating a state in which the two members of

which are bonded together;

Fig. 19 is a plan view of a fourth embodiment of a

sheet-shaped adhesive member according to the

invention; _

Fig. 20 shows a fifth embodiment of sheet-shaped

adhesive member according fo the invention;

Fig. 21 is an explanatory view to show a method of

fitting a deformation restricting spacer into the above

adhesive member;

Fig. 22A is a plan view of main portions of a sixth

embodiment of a sheet-shaped adhesive member

according to the present invention; and

Fig. 22Bis a sectional view of the sixth embodiment,
_ illustrating a state in which the two members of

which are bonded together.

Fig. 1 is a view showing a structure of a print head
of an ink jet type pnnter to which the present invention is
applied.

As shown in Fig. 1, a head base member 1 is pro-
vided with an ink communication chamber 11 communi-
cating with an ink tank 6. The head base member 1 is

-formed of a high molecular resin material such as
polysulfone, polyethersuifone, polycarbonate or the like.
A nozzle plate 2 is provided with a nozzle hole 21 for
€jecting an ink droplets 7 and is press-machined, which
plate is formed of electroformed nickel, stainless steel,
beryllium copper or the like. The head base member 1
and the nozzle plate 2 are strongly bonded to each other
by means of an adhesive member 3 awhile keeping a
communication between the ink communication cham-’
Der 11 and the nozzle hole 21. After manufacturing the
recording head, the ink droplets 7 is ejected by driving a
PZT 5 onto a recording sheet 8 to thereby achieve print-
ing.

Durmg bonding the above mentioned two members,

If the adhesive member 3 penetrates into and covers the
nozzle hole 21 of the nozzle plate 2 to cause the clog-
ging, then the ink droplets 7 cannot be ejected out, wh:qh s is the replacement shest
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= 23 - This Sheet Has Been Re |laced CLAIMS 1. A nethod of bonding two
menbers each having snmall holes to each other, conprising the steps of:
~preparing first and second nenbers each having a nunber of snall holes;
prepari ng a sheet-shaped adhesi ve nenber;

- § -

Is a serious defect in a printer.
The sheet-shaped adhesive member and method of
bonding together the head substrate 1 and nozzle plate
2 by the sheet-shaped adhesive member according to a
first embodiment will now be described hereinbelow with
reference to accompanied Figs. 2 to 8.

Fig. 2 is a plan view of a sheet-shaped adhesive
member 3 employed in the first embodiment of a method
of bonding together two members each having small
holes according to the present invention, Fig. 3 is a side
view of the sheet-shaped adhesive member 3 shown in
Fig. 2, Fig. 4 is a side view of a positioning step employed
in the first embodiment of the invention, Fig. S is a view -
of a step of provisionally bonding the adhesive member
employed in the first embodiment of the invention, Fig. 6
is a view of a step of bonding a head base member, a
nozzle plate and the adhesive member to one ancther
according to the invention, Fig. 7 is a view of a completely
bonded state achieved according to the invention.

The bonding steps will be described in detail as fol-
lows.

(1) First, there is prepared a composite member
which consists of a material of a sheet-shaped adhe-
sive member (Three Bond Co., No. 1604) [aminated
by a release sheet 30. As shown in Fig. 7, escape
holes 31 are stamped out by a press at a position
each corresponding to the respective nozzle hole 21
formed on the nozzle piate 2. in this stamping oper-
ation, as shown in Fig. 3, the diameter D of the
escape hole 31 is set with respect to the diameter d
of the nozzle hole 21 such that D = d, in considera-
tion of a width for contraction occurring when heated
and pressurized. A number of escape holes 31 are
arranged in a line in the central portion of the adhe-
sive member 3. Further, a number of deformation
preventive holes 32 are stamped out in upper and
lower lines with the central line of the escape holes
31 disposed therebetween. The diameter of each of
the deformation preventive holes 32 is set to be
equal to that of the escape hole 31. Then, positioning
holes 33 are provided to positioning the adhesive
member 3 when bonding and the outer configuration

“This is the replacement shest
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form ng escape hol es on said sheet-shaped adhesive nenber at a position
each corresponding to said holes of said first nmenbers; nounting said
sheet - shaped adhesive nmenber onto said first nenber; first heating. and
pressing said first nmenber and sai d sheet-shaped adhesi ve nenber nounted on
said first nmenber for bonding to each other to forma preform nounting
sai d second nenber on said preform and second heating and pressing said
preform and said second 6

of the above-mentioned material of the adhesive

member 3 are stamped out to thereby produce the

sheet-shaped adhesive member 3.

(2) As shown in Fig. 4, the nozzle plate 2 with the

contact surface of which facing upwardly is puton a

positioning jig S0 having pins 51 and further the

adhesive member 3 with the release sheet 30 dis-

posed on the upper surface thereof is mounted on

the nozzle plate 2 before the nozzle plate 2 and

adhesive member 3 are properly positioned with

respect to each other.

(3) Next, as shown in Fig. 5, the positioned nozzle

plate 2 and adhesive member 3 mounted on the noz-

Zle plate 2, together with the positioning jig S0, are

set in a heat-pressure bonding machine 60 (Japan

Abionics Co. Type TCW-125) and then the adhesive

member 3 is provisionally pressure bonded onto the
~ nozzle plate 2 under the condition of a heating tem-

. perature of 80°C and a pressure of 3 kg/cm?2, After

that, the release paper 30 is peeled off.

(4) Afterwards, as shown in Fig. 6, the head base

member 1 is mounted on the adhesive member 3

and then the two members are positioned with

respect to each other. Then, the head base member

1, adhesive member 3 and nozzle plate 2 are finally

bonded to one another under the condition of a heat-

ing temperature of 120°C and a pressure of 3

kg/em2,

Consequently, as shown in Fig. 7, the ascape hole
31 restricted to a uniform thickness by a space forming
member and is bonded by heating and pressurizing, will
be contracted between the nozzle hole 21 of the nozzie
plate 2 and the ink communication chamber 11 of the
head base member 1 compared to itself before the adhe-
sive member 31 is heated and pressurized for bonding.
That is, the adhesive member 3 will be contracted down
to the same and uniform size as the ink through hole 11
to thereby bond the nozzle plate 2 and head base mem-
ber 1 to each other strongly without clogging the nozzie
hole 21.

A sheet-shaped adhesive member and method of
bonding together a head base member and a nozzle

This.is the replacement sheet
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smenber nounted on said preformfor bonding said first and second nenbers to
each other through said sheet-shaped adhesi ve nenber. 2. The net hod of
Claim1l1, further conmprising a step of form ng a nunber of deformation
preventive holes in upper and lower lines with the central line of said
escape hol es di sposed therebetmeen at the sane time of said step of form ng
sai d escape hol es.

plate by the sheet-shaped adhesive member according
to a second embodiment will be described hereinbelow
with reference to accompanying Figs. 9 to 14.
Fig. 9is a plan view of an adhesive member used in
. amethod of bonding together two members each having
. small holes embodying the second embodiment of the
invention, Fig. 10 is a side view of the adhesive shown
in Fig. 9, Fig. 11 is a perspective view of a space forming
member employed in the second embodiment of the
invention, Fig. 12 is a view of a space forming member
inserting step in the second embadiment, Fig. 13 is a
view of a bonded state achieved by the second embod-
iment, and Fig. 14 is a view of a structure of an ink jet
recording head to which the second embodiment of the
invention is applied. '
In the drawings, like parts and components are des-
ignated by the same reference numerals as the first
embodiment according to Figs. 1 to 8. The method
according to the second embodiment is similar to the first
embodiment and, therefore, merely the different steps
are described hereinbelow.

(1) Thefirst step is substantially the same as the step
(1) of the first embodiment described above. How-
ever, in the second embodiment, a plurality of inser-
tion holes 132 for insertion of a space forming
member 4 is stamped out on an sheet-shaped adhe-
sive member 103 as shown in Figs. 9 and 10.
(2) Next, a space forming member 4 shown in Fig.
11 having a thickness t is manufactured in such a
| manner that the thickness t of which is not greater
than the thickness T of the adhesive member 3 as
shown in Fig. 10, thatis, t s T, in consideration of an

expansion of a width due to a deformation of the
adhesive maember 103 when the adhesive member

is bonded by heating and pressurizing. The space
forming member 4 is formed of stainless steel so that ~
it will nevar be deformed when the adhesive member
is bonded by heating and pressurizing. The space
forming member 4 is stamped out by a press-
machining operation so as to have a cxrcular shape
which is easy to manufacture.

The bonding steps (3) and (4) of the first embod-
iment shown in Figs. 4 and 5 are the same in the
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s3. The nethod of Caim1l1 or 2, further conprising a step of formng a
plurality of insertion holes for insertion of a space form ng nenber on
sai d sheet -shaped adhesi ve nenber at the sane tinme of said step of formng
said escape holes. 4. The nethod of any one of the preceding d ains,
wherein said first heating and pressing step takes place under the
condition of a heating tenperature of about 80[err]C and a pressure of
about 3 kg/cn2, and said second heating &rmd

second embodiment after the step (2) thereof and
the explanations of these steps are omitted.

(5) As shown in Fig. 12, the space forming member
4 is inserted into the insertion hole 132 formed on
the adhesive member 103.

The next bonding step of this embodiment is also
the same as the step (6) of the first embodiment shown
in Fig. 6.

By means of the above-mentioned operations, as
shown in Fig. 13, in the adhesive member 103, which is
restricted to a uniform thickness by the space forming
member 4 and is then bonded by heating and pressuriz-
ing, the escape hole 31 is contracted when compared
with itself before it is heated and pressurized and thus it
is of the same and uniform size as the ink communication
hole 11, so that the adhesive member 103 is able to bond
the head base member 1 and nozzie plate 2 to each other
strongly without clogging the nozzle hole 21.

Examples:

With respect to the adhesive member 3 and 103, the
present inventors have experimented, besides . the
method using the sheet-shaped adhesive -member
according to the first and second embodiments, a
method which uses a conventional liquid adhesive agent

- - such as an epoxy contained adhesive member (Araldite
Co. Type AW-106), a silicone contained adhesive mem-
ber (Toray * Dow Coning - Silicone Co., Type SE 9157L)
or the like. The resuit of the experimentation revealed
that, when the conventional liquid adhesive member is
used, it is difficult to apply the adhesive member to a -
clearance between the head base member 1 and the
nozzle plate 2 in a uniform thickness. Also, the flow or
‘penefration states of the adhesive member dueto acap-
illary phenomenon occurring when pressure is applied
are affected by the mixing ratio thereof, changes of envi-

ronmental temperatures and the like and thus are
caused to vary frequently according to such environmen-
tal condiitions. As a result, itis difficuit to secura stabilized
communicationbetween the nozzle hole 21 and ink com-
munication chamber 11. Further, in the case ofthe sheet-
shaped adhesive member according to the invention, the
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-pressing step takes place under the condition of a heating tenperature of
about 120[err]C and a pressure of about 3 kg/cnR2. 5. The nethod of any one
of the preceding O ains, wherein said sheet-shaped adhesi ve nenber is
conposed of a sheet- shaped adhesive material and a rel ease sheet |am nated
onto sai d sheet-shaped adhesive material , said rel ease sheet being peel ed
of f said sheet-shaped adhesive material after said first heating and
pressing step. 6. .-The nmethod of any one af the preceding Cains, wherein

bonding processes were completed in several seconds
when it is bonded by heating and pressurizing. On the
other hand, the liquid adhesive member requires a long
drying time ranging from 30 minutes to several hours.

For the escape holes 31 formed in the sheet-shaped
adhesive member 3, besides the above-mentioned
method according to the present embodiment in which
each of tha escape holes 31 is formed such that its diam-
eter D is equal to or greater than the diameter d of the
nozzie hole 21, the applicants have experimented
another method in which no-escape haole 31 is formed at
all and, after bonded by heating and pressurizing, the
adhesive members 3 and 103 are post-worked from
externally by use of an excimer laser (Sumitomo Juki Co.,

~ Type INDEX 200) through the nozzle hole 21 formed on
the nozzle plate 2 or through the communication cham-
ber 11 in the head base member 1. However, our exper-
imentation showed that this method is affected by dross
or the like. That is, it is found difficult to post-work the
whole nozzle uniformly. Further, if the diameter D of the
escape hole 31 is smaller than the diameter d of the ink
communication chamber 11 in the head base member
1, then the ink communication chamber 11 or nozzle hole
21 may be clogged when the adhesive member is
bonded by heating and pressurizing, that is, when the
adhesive member is contracted.

- With regard to the deformation preventive holes 32
and 132, the present inventors have also tested another
method in which no deformation preventive holes are
formed. This test revealed that the escape hole 31 can
be caused to vary into a non-circular shape having a
girectional characteristic as shown in Fig. 8 due to the
contraction of the adhesive member 3 when it is heated
and pressurized for bonding, so that the escape hole 31
clogs the nozzle hole 21 or nozzle communication cham-
ber 11 as shown by oblique lines in Fig. 8. Referring to
the diameter, positions, number and the like of the defor-
mation preventive holes 32 and 132, the above-men-
tioned method is found favorable.

Further, referring to the space forming member 4,
the present inventors have tested ancther method which
does not use the space forming member 4. According to

~ theresuit of the test, however, the amount of deformation
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sai d second nenber is a head base menber of a printing head of an ink jet

type recordi ng apparatus and said first nenber

Is a nozzle plate having

nozzl e holes for ejecting ink droplets. 7. The nethod of any one of. the
precedi ng C ai ns, wherein said sheet-shaped adhesi ve nenber is of a hot
melt type. 8. The nethod of Claim?7, wherein said sheet-shaped adhesive

menber is formed of a high nolecular materi al

consisting essentially of a

group conprising a polyolefin, nylon, pokyuyethane, and pol yester.

of the adhesive member 3, when it is heated and pres-
surized, is found to vary according to the heating tem-
Peratures and pressures, the conditions of the contact
surfaces or the like, with the result that, after the adhesive
member 3 is bonded by heating and pressurizing, the
diameter of the escape hole is caused to vary, whereby
the ink communication chamber 11 or nozzle hole 21 can
be clogged. Further, the resuit of the test revealed that,
it the thickness t of the space forming member 4 is
greater than the thickness T of the adhesive member 3,
then a width for deformation of the adhesive member
exists no longer so that a practical bonding strength can-

hot be obtained.

Figs. 15 to 18 illustrate a third embodiment of a
$heet-shaped adhesive member according to the
present invention, which is constructed so as to band a
nozzle piate employed in an ink jet type recording head,
and a method of bonding the nozzle plate by use of this

sheet-shaped adhesive member.

In thesa figures, lika parts and components are des-
ignated by the same reference numerals as the first and
second embodiments shown in Figs. 1 to 14. As shown
in these figures, a sheet-shaped adhesive member 203
is used to bond a nozzle plate 2 to a head substrate 1.
The sheet-shaped adhesive member 203 is of a hot melt
type which penetrates in a semi-melt state into fine undu-
lations on the surfaces of materials to be bonded and is
Tardened therein owing to an anchor effect to thereby
bond the two members to be bonded to each other. The
sheet-shaped adhesive member 203 is formed of a high
molecular material consisting of a group comprising
palyolefin, nylon, polyurethane, and a polyester. A
release sheet 30 is adhered on the whole surface of the
sheet-shaped adhesive member 203 for the purpose of
reinforcement and, as shown in Fig. 17, the release
sheet 30 will be peeled off after the sheet-shaped adhe-
sive member 203 is provisionally mounted to the nozzle

plate 2.

The fundamental structure of the sheet-shaped
adhesive member 203 according to the third embodi-
ment is the same as the member 3 according to the first
embodiment shown in Fig. 2, Therefore, merely the dif-

ferent feature will be described.
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‘9. The nethod of Caim6 or 7, wherein said. head base nenber is forned of a
hi gh nol ecul ar resin material consisting of a group conprising polysul fone,
pol yet her sul fone and pol ycarbonate, and said nozzle plate is fornmed of

a material consisting of a group conprising el ectroforned nickel, stainless
steel and beryllium copper. 10. The netho% of Caim3, or any claim
dependent on claim 3, ' -1 -

In the third embodiment, the diameter D of the
respective escape holes 31 is set about 1.8 times the
diameter d of the nozzle hole 21 to corespond to an
amount of compression At of the sheet-shaped adhesive
member 203. Further, the deformation preventive holes
32, which are formed on both sides of the escape holes
31, are formed in such a manner that the diameters
thereof are substantially the same as the diameters D of
the escape holes 31 and also that they are arranged in
a zigzag line where the deformation preventive holes 32
are staggered with respect to theline of the escape holes
or, as indicated in Fig. 15, where the three rows of escape
holes 31 and the deformation preventive holes 32 are
arranged such that each escape hole 31 with its adjoin-
ing deformation preventive holes 32 forms a column of
three adjoining holes at a distance 5 which is substan-
tially two times the diameter D of the escape hole 31.

Referring here in particular to the third embodiment
of the sheet-shaped adhesive member 203, in a sheet-
shaped adhesive member 203 having a thiclness of 0.50
mm with a deformation width of 0.15 mmgiven, there are
formed a number of escape holes 31 each having a
diameter D of 0.38 mm with respect to the diameter of .

0.15 t0 0.18 mm of the nozzle hole 21 and, on both sides
of the escape holes 31, there are formed the same

number of deformation preventive holes 32 at a distance
of 0.70 mm between the two preventive hole lines.

In Fig. 1S, reference numeral 33 designates a pair
of positioning holes which are respectively disposed at
both the ends of the sheet-shaped adhesive member
203, and 205 represents a pair of dummy holes which
are formed at both the ends of the escape hole 31 line
in order to absorb the extension of the escape holes 31

in the longitudinal directinn thereof to thereby restrict the
deformation of the escape noles 31 in the longitudinal

direction thereof. _

Next, description will be given below of a process of
bonding the substrate B and nozzle plate P to each other
by use of the above-mentioned sheet-shaped adhesive
member 1 with reference to Fig. 17.

At first, with two positioning pins S1 respectively
planted on a jig 50 as the reference thereof, the nozzle
plate 2 is positioned on the jig SO with the adhesive sur-
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wherein a thickness of said space form ng nenber is not greater than a

t hi ckness of said sheet-shaped adhesive nenber. 11. The nethod of Caim3
or any cl ai mdependent on claim 3, wherein said space form ng nmenber is
formed of stainless steel. 12. The nmethod of Claim3 or any cl ai m dependent
on claim3, wherein said space form ng nenper. has a circular shape. 13. The
met hod of any one of the preceding Clains, further conprising a step of

f ormi ng positioning hi@ceshereotfacing upward. Next, with the release sheet :

30 mounted on the top surfaca thereof and aiso with the
two paositioning pins 51, carresponding in position to the
positioning holes 33 the sheet-shaped adhesive member
203 is positioned and placed on the nozzie plate 2.
Since the bonding process of this embodiment is the
same as that of the first and second embodiments
described above and shown in Figs. S and 6, the descrip-
tion is omitted. _
As aresult of the bonding process, the sheet-shaped
adhesive member 203 is compressed and deformed in
 the thickness direction thereof and at the same time it is
expanded in the surface direction thereof. With respect
to the longitudinal extension of the sheet-shaped adhe-
- sive member 203, the respective escape holes 31 absorb
“the extensions thereof to one another and. Further, with
respect to the extension of the adhesive member 203 in
the width direction thereof, the deformation preventive
holes 32, which are disposed on both sides of the escape
holes 31, absorb the extensions in the width direction.
Therefore, this can prevent the respective escape holes
31 from being deformed as much as possible and thus
the inner edges of the escape holes 31 can be kept from
coming into the nozzle holes 21. Furthermore, owing to
the pair of dummy holes 205 formed at both the ends of
the escape hole 31 line, the extension of the escape
holes 31 in the longitudinal direction thereof is effectively
suppressed to thereby restrict the deformation of the
escape holes 31 in the longitudinal direction thereof.
Accordingly, the head base member 1 and nozzle plate’
2 can be bonded together with high accuracy.
Fig. 19 shows a sheet-shaped adhesive member
according to the fourth embodiment of the invention.
" Inthe fourth embodiment, on both sides of a number
of escape holes 331 arranged in a line, there are formed
a plurality of deformation preventive slits 332 each hav-
ing a width corresponding to the diameter of the escape
hole 331. Owing to this structure, the extension of a
sheet-shaped adhesive member 303 caused when it is
compressed and deformed is absorbed by the deforma-
tion of the deformation preventive slits 332 to thereby
restrict the deformation of the escape holes 331 as much
as possible,
Fig. 20 shows a fifth embodiment of sheet-shaped
adhesive member according to the invention, in which
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1he ends on said sheet-shaped adhesive nenber preferably at the sanme tine
of said step of form ng said escape holes. 14. The nethod of Claim2 or any
cl ai m dependent on claim2, further conprising a step of formng a pair of
dummy hol es at both ends of said escape hole line preferably at the sane
time of said step of form ng said escape holes. 15. The nethod of Claim6
or any cl ai mdependent on claim6, wherein a dianeter of each said escape
holes is set about- 1.8 tinmes the dianmeter of said nozzle hole to correspond
_13...

deformation restricting spacers 404 are used for further
restricting the deformation of escape holes 431.

In the present sheet-shaped adhesive member 403,
on both sides of the escape holes 431 formed in a line,

there are formed a number of deformation preventive
holes 432 and further, on both sides of the deformation

preventive holes 432, there are formed a plurality of
spacer insertion holes 424 into which theras is inserted
deformation restricting spacers 404 each corresponding
to the thickness of the sheet-shaped adhesive member
403 obtained when an allowable comprassion amount At
is subtracted.

In the fifth embodiment, as shown in Fig. 21, the
sheet-shaped adhesive member 403 is provisionally
mounted onto the nozzle plate 2 and is positioned just
below a press machine 428 and, after that, the respective
deformation restricting spacers 404, which are respec-
tively stamped out from a steel plate 426, are allowed to
falt down into the spacer insertion holes 424.

Owing to this structure, the compression amount of
the sheet-shaped adhesive member 403 can be

* restricted within an allowable range and at the same time
the deformation of the escape holes 431 can be pre-
vented by the escape holes 431 and deformation preven-
tive holes 432 formed on both sides thereof, so that the
nozzle plate 2 can be fitted to the head base member 1

_ without producing any clogging.

In this embodiment, if the deformation of the sheet-
shaped adhesive member 403 is restricted by the defor-
mation restricting spacers 404 to a sufficient extent, then
the deformation of the escape holes 431 can be
restricted to such a degree that the inner edges of the
escape holes cannot come into the nozzle holes 21, even
when the deformation preventive holes 432 are not spe-
cially formed on both sides of the escape holes 431.

Figs. 22A and 22B show a sixth embodiment of a
sheet-shaped adhesive member in which deformation
preventive holes are used for storing deformation
restricting spacers.

In the sixth embodiment, there is used as a defor-
mation preventive material a paste material which
includes fine grains compased of a high molecular mate-
rial such as an epoxy resin, urethane, polyimide or the
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40 an anmount of conpression of said sheet-shaped adhesive nenber. 16. The
method of Caim 15, wherein said sheet-shaped adhesive nenber has a

t hi ckness of about 0.50 mmwith a deformation wi dth of about 0.15 nmm given,
sai d escape hol es each has a dianeter of about 0.38 mm and said nozzle hole
has a dianeter of 0.15 to 0.18 mm and the :

- 14 -

like dispersed in a volatile solution and also which, when
heated and compressed, is reduced in volume and hard-
ened. Further, deformation preventive paste material
§3S is previously applied into each of deformation pre-
ventive holes 532 respectively formed on both sides of
escape holes 531 before the sheet-shaped adhesive
member is actually used.
In the sixth embodiment, if the sheet-shaped adhe-
sive member 503 interposed between the nozzle plate 2
and head base member 1 is heated and pressurized,
then the deformation preventive paste material 535 is
contracted in thickness by an amount corresponding to
the compression amount width At of the sheet-shaped
adhesive member 503 and, at the same time, the paste
material S3S is contracted in the outside diameter thereof
and is hardened. As a result, the deformation of the
sheet-shaped adhesive member 503 in the thickness
direction thereof is restricted by the deformation preven-
tive pasta material S35 and, at the same time, the exten-
sion of the sheet-shaped achesive member 503 in the
surface direction thereof is absorbed by a clearance
formed between the paste material 535 and deformation
"preventive hole 532, so that the inward deformation of
'the escape holes 532 can be further suppressed.

As described above, according to the present inven-
tion, when bonding two members each having small
-holes to each other, a sheet shaped adhesive member
including escape holes each corresponding to the small
holes of one member and deformation preventive holes
for preventing the escape holes from being deformed is
provisionally bonded by pressurizing onto one member
and then the other member is bonded by heating and
pressurizing onto the contact surface of the one member,
so that the two members can be bonded together
strongly and efficiently without causing any hole clog-
ging.
Further, when bonding together two members each
“having small holes, there is provisionally bonded by pres-
surizing onto one of the two members a sheet-shaped
adhesive member which includes therein escape holes
respectively corresponding to small holes of the one
member, space forming members each having a proper

thickness being inserted into the sheet-shaped adhesive
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sanme nunber of said deformation preventive holes are |located at a

di stance of about 0.70 nm between said two preventive hold lines. 17. The
met hod of any one of the preceding Cains, further conprising a step of
formng a plurality of deformation preventive slits each having a w dth
corresponding to the dianeter of said escape hole. 18. The nethod of C aim
2 or any cl ai mdependent on claim2, further conprising a step of inserting
spacers in said deformation preventive holes before said first heating

- 15 -

member, and the other member is then bonded to the
contact surface of the one member by heating and pres-
surizing the adhesive member. Owing to this, the two
members each having small holes can be bonded
fogether strongly and highly efficiently without causing
any hole clogging.

In the foregoing description, the present invention
has been described by way of an example in which the
head base member 1 and nozzie plate 2 respectively
used in & ink jet printer are bonded to each other. How-
ever, the invention is not limited thereto or thereby, but it
c¢an also apply as means for bonding together other kinds
of two members each having small holes which may be
clogged with an adhesive member. Further, the invention
may aiso be applied to an adhesive member which bonds
together two members such as a water sprinkder or the

_like, which respectively have small holes.
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and pressing step. 19. The nethod of Claim 18, wherein said spacers
conprise a deformation preventive paste material. 20. The nethod of C aim
19, wherein said paste material conprises fine grains conposed of a high

nol ecul ar material dispersed in a volatile solution. 21. The method of
Caim 20, wherein said high nolecular material consists of a group
conprising an epoxy resin, urethane and-pqlgyi-m de.

Claims

{. A method of bonding two members each having
small holes to each other, comprising the steps of:
preparing first and second members each having a
number of small holes;
preparing a sheet-shaped adhesive member;
forming escape holes on said sheet-shaped adhe-
sive member at a position each corresponding to
said holes of said first member;
mounting said sheet-shaped adhesive member onto
said first member;
first heating and pressing said first member and said
sheet-shaped adhesive member mounted on said
first member for bonding to each other to form a pre-
form;
mounting said second member on said preform; and
second heating and pressing said preform and said
second member mounted on said preform for bond-
ing said first and second members to each other
through said sheet-shaped adhesiva member.

2. The method of Claim 1, further comprising a step of
forming a number of deformation preventive holes in

upper and lower lines with the central line of said
escape holes disposed therebetween at the same

time of said step of forming said escape holes.

3. The method of Claim 1 or 2, further comprising a
step of forming a piurality of insertion holes for inser-
tion of a space forming member on said sheet-
shaped adhesive member at the same time of said
step of forming said escape haoles.

4. The method of any one of the preceding Claims,

" wherein said first heating and pressing step takes

place under the condition of a heating temperature

of about 80°C and a pressure of about 3 kg/cmZ, and

said second heating and pressing step takes place

under the condition of a heating temperature of
about 120°C and a pressure of about 3 kg/cm2.
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This Sheet Has Been Re faced 22. A sheet-shaped adhesive nmenber (3, 103,
203, 303, 403, 503) interposed between two nenbers (1, 2) each having snal
hol es (11, 21) for bonding the two nenbers (1, 2) into an integrated
menber upon being heated and pressurized, the sheet-shaped adhesive
menber (3, 103, 203, 303, 403, 503) conprises escape holes (31, 331, 431,
531) forned on said sheet-shaped adhesage menber, said

5. The method of any one of the precading Claims,
wherein said sheet-shaped adhesive member is |
" composed of a sheet-shaped adhesive material and
a release sheet laminated onto said sheet-shaped
adhesive material , said release sheet being peeled
off said sheet-shaped adhesive material after said
first heating and pressing step.

6. The method of any one of the preceding Claims,
wherein said second member is a head base mem-
ber of a printing head of an ink jet type recording
apparatus and said first member is a nozzle piate
having nozzle holes for ejecting ink droplets.

7. The method of any one of the preceding Claims,
wherein said sheet-shaped adhesive member is of
. a hot meit type.

8. The methoed of Claim 7, wherein said sheet-shaped
adhesive member is formed of a high molecular
material consisting essentially of a group comprising
a polyolefin, nylon, polyurethane, and polyester.

9. The method of Claim 6 or 7, wherein said head base
member is formed af a high molecular resin material
consisting of a group comprising polysulfone, poly-
ethersulfone and polycarbonate, and said nozzle
plate is formed of a material consisting of a group
comprising electroformed nickel, stainless steel and
beryllium copper.

10. The method of Claim 3, or any claim dependent on
claim 3, wherein a thickness of said space forming
member is not greater than a thickness of said

_sheet-shaped adhesive member. .
11. The methaod of Claim 3 or any claim dependent on
claim 3, wherein said space forming member is
formed of stainless steel.

12. The method of Claim 3 or any claim dependent on
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escape holes (31, 331, 431, 531) corresponding in position to the snmall
hol es (11, 21) of the two nenbers (1, 2). 23. The sheet-shaped adhesive
material of Claim 22, wherein said sheet-shaped adhesi ve nenber further
conprises deformation preventive holes (32, 132, 332, 432, 532). 24. The
sheet - shaped adhesive material of C aim 23, wherein said deformation

preventive holes (32, 132, 432, 532) are dlsposed adj acent of said escape
hol es (31, 331, 431, 531). - 18 -

claim 3, wherein said space formmg member has a
c:rcular shape.

13, The method of any one of the preceding Claims, fur-
ther comprising a step of forming positioning holes
at both the ends on said sheet-shaped adhesive

. member preferably at the same time of said step of
forming said escape holes.

14. The method of Claim 2 or any claim dependent on
claim 2, further comprising a step of forming a pair
of dummy holes at both ends of said escape hole
line preferably at the same time of said step of form-
ing said escape holes.

" 15. The method of Claim 6 or any claim dependent on
claim 6, wherein a diameter of each said escape
holes is setabout 1.8 times the diameter of said ncz-
zle hole to correspond to an amount of compression
of said sheet-shaped adhesive member.

16. The method of Claim 15, wherein said sheet-shaped
adhesive member has a thicimess of about 0.50 mm
with a deformation width of about 0.1S mm given,
said escape holes each has a diameter of about 0.38

" mm and said nozzle hole has a diameter of 0.15 to
0.18 mm, and the same number of said deformation
preventive holes are located at a distanca of about

0.70 mm between said two preventive hold lines.

17. The method of any one of the preceding Claims, fur-
ther comprising a step of forming a plurality of defor-
mation preventive slits each having a width
corresponding to the diameter of said escape hole.

18. The method of Claim 2 or any claim dependent on
claim 2, further comprising a step of inserting spac-
ers in said deformation preventive holes before said
first heating and pressing step.

19. The method of Claim 18, wherein said spacgs com-
prise a deformation preventive paste material.

LT
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.25. The sheet-shaped adhesive material of Claim23 or 24, wherein said
deformation preventive holes (32, 132, 332, 432, 532) are disposed on both
si des of said escape holes (31, 331, 431, 531) arranged in a line. 26. The
sheet - shaped adhesive material of Claim23 or 24, wherein said deformation
preventive holes are slit-shaped holes (332) extending along the two sides
of said escape hole (31, 331, 431, 531) linepg27. The sheet-shaped adhesive

material of any one of Clainms 22 to 26, further conprising a defornmation
restricting

20. The methaod of Claim 19, wherein said paste mate-
rial comprises fine grains composed of a highmalec-
ular material dispersed in a volatile solution.

21. The method of Claim 20, wherein said high molec-
- ular material consists of & group comprising an
epoxy resin, urathane and polyintide.

22. An integrated member, comprising:
two members (1,2) each having small holes (11.21);

and a sheet-shaped adhesive member (3, 103, 203,
303, 403, 503) interposed between said two mem-

bers and adapted to bond the two members (1, 2) to
form said integrated member, wherein the sheet-
_shaped adhesive member (3, 103, 203, 303, 403,
503) comprises escape holes (31, 331, 431, 531)
formed on said sheeet-shaped adhesive member,
said escape holes (31, 331, 431, 531) correspond-
ing in position to the small holes (11, 21) of the two
members (1, 2); and wherein said sheet-shaped
adhesive member further comprises deformation
preventive holes (32, 132, 332, 432, 532).

23. The integrated member of Claim 22, wherein said
deformation preventive holes (32, 132, 432, 532) are
disposed adjacent of said escape holes (31, 331,

431, §31).

24, The integrated member of Claim 23, wherein said
deformation preventive holes (32, 132, 332, 432,
§32) are disposed on bath sides of said escape
holes (31, 331, 431, 531) arranged in a line.

25. The integrated member of Claim 23, wherein said
deformation preventive holes are slit-shaped holes
(332) extending along the two sides of said escape
hole (31, 331, 431, 531) line. '

26. The integrated member of any one of Claims 22 to
25, further comprising a deformation restricting
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piece (4, 404) enbedded i'n said sheet-shaped adhesive Thi s Sheet Has
Been R -28 - nenber for restricting an anmount of contraction of said
sheet - shaped adhesive nmenber in the thickness direction thereof. 28. The
sheet - shaped adhesive material of any one of C ains

- 20 -

piece (4, 404) embedded in said sheet-shaped
adhesive member adapted to restrict an amount of
contraction of said sheet-shaped adhesive member
in the thiciness direction thereof.

27. The integrated member of any one of Claims 23 to
26, further comprising paste-shaped deformation
restricting agent (535) inserted into said deformation
preventive holes (5§32).

* [= L M s *
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23 to 27, further conprising paste-shaped deformation restricting agent
(535) inserted into said deformation preventive holes (532). 29. A
sheet - shaped adhesive material (103) interposed between two nmenbers (1, 2)
each having small holes (11, 21) for bonding the two nenbers (1, 2) into an
I ntegrated nenber upon being heated and pressurized, said

sheet - shaped adhesive nenber (103) conprising escape holes (31)
corresponding in position to the snmal{ -holes (11, 21) of the nmenbers and a
deformation restricting piece (4) for
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restricti ng an anount of contraction of said sheet-shaped adhesive nenber
(103) in the thickness direction thereof. This is the repl acenent sheet
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SHEET ADHESIVE MATERIAL FOR BONDING TWO MEMBERS
- HAVING SMALL HOLES AND METHOD OF BONDING SAME

ABSTRACT

A method of bonding together two members (1, 2) each having
small holes (11, 21), the method comprising the steps of
provisionally bonding by pressurizing onto the contact
surface of one of the members (1, 2) each having small holes
a sheet-shaped adhesive member (3) including escape holes
(31) respectively corresponding to the small holes (11, 21)
and deformation preventive holes (32) for preventing the
escape holes (31) from being deformed, and bonding by heating
and pressurizing the other member onto the contact surface.

FIGURE 7.



