MANUFACTURI NG METHOD OF | NK JET HEAD FI ELD OF THE | NVENTI ON AND Rﬂ%@; A
The present invention relates to a 5 manufacturing nethod for ink je éa
for generating a recording I'iquid dropl et usable with an ink jet ty $.
apparatus. More particularly, the present invention relates to a

manuf acturing nmethod for an ink jet head of a so-called side shooter type
which ejects the 10 recording liquid droﬁﬂét in a direction substantially
per pendi cular to the surface having an ink ejection pressure generation
elenent. In a so-called side shooter type ink jet head, wherein the ink is

ej ected upwardly fro"]thgfggFA&éUﬁ&ﬁ&tME@H85€6§U?ﬁKg§E?;ﬁg%@n el enent, a

substrate having an ink I"'On " pressureé"generation e (ejection
energy generating elenent) is

FIELD OF THE INVENTION AND RELATED ART
The present invention relates to A
5 manufacturing method for ink jet head for generating a
recording liquid droplet usable with an ink jet type
apparatus. More particularly, the present invention
relates to a manufacturing method for an ink jet head
of a so-called side shooter type which ejects thé
10 _recording liquid droplet in a direction substantially *
perpendicular to the surface having an ink ejecfibn
pressure generation element. |
In a so-called side shooter type ink jet-
head, wherein the ink ié ejebted upwardly from the ink
15 ejection pressufe generationlelement, a substrate
. having an ink ejection pressure generation
element (ejection energy generating element) is
provided with a through-opening (ink supply port) to
supply the ink from the back side (not having the ink
20 ejection pressure generation element) of the
substrate, as disclosed in Japanese Laid Open Patent
Application No. SHO-62-264957 or U.S. Patent No.
4789425. This arrangemént is used because if the ink
supply is effected from the ink ejection pressure
25 generation element_formatioh side (ink ejection outlet
formation surface), an ink supply ‘member has to be

located between the ink ejection outlet and the



provided with a through-opening (ink supply port) to supply the ink from
the back side (not having the ink 20 ejection pressure generation elenent)
of. the substrate, as disclosed in Japanese Laid Open Patent Application No.
SHO 62- 264957 or U.S. Patent No. 4789425. This arrangenent is used because
If the ink supply is effected fromthe ink_ ejection pressure 25 generation
el ement formation side (ink ejection out '8~ for mati on surface), an ink
supply nmenber has to be | ocated between the ink ejection outlet and the

-2- recording material such as paper or textile, and in such a case, the

di stance bet me&é&dff&%ﬂe@iu such as paper or textile, and in

‘such a case, the distance between the recording
méterial and the ink ejection outlet cannot be
.reduced, because it is difficult to reduce the

5 +thickness of the ink supply member, with the result
that the image quality is deteriorated because of the
deterioration.of the droplet shot positional accuracy
of the ink.

A conventional example of manufacturing

10 method for the side shooter type ink jet head will be .
described.

First, a silicon substrate having é through-
qpening constituting an ink supply port and an ink
ejection pressure generation element for ejecting the

15 ink, is prepared. A dry film such as commercially
available RISTON.or VACREL (Dupont) is laminated.on
the silicon substrate, and the dry film is patterned
so as to form an ink flow passage wall. An electro-
formed pléte having an ejection outlet is piaced and

20 bonded on the ink flow passage wall.

‘Here, in order to form the ejection outlet in
the substrate having the through-opening, the ink flow
passage wall is made of dry film. This is because if
a method wherein a resin material layer for the ink

25 flow passage wall is dissolved in a solvent is applied
(solvent coating such as spin coafing, roller

coating), is used, the resin material flows into the

© st



material and the ink ejection outlet cannot be reduced, because it is
difficult to reduce the 5 t hi ckness of the ink supply nenber, with the
résult that the inmage quality is deteriorated because of the deterioration
of the droplet shot positional accuracy of the ink. A conventional exanple
of manufacturing 10 method for the side shooter type ink jet head wll be
described. First, a silicon substrate.havi’ig a through- opening
constituting an ink supply port and an ink ejection pressure generation

el enent for ejecting the 15 ink, is prepared. A dry filmsuch as
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silicon substr So as to'forman ink flow
passage wal | . 2R,8l28400h%4is not uniform.

However, the use of the dry film involves the
drawbacks, as follows.

5 | For example, the film formation accuracy is
poorer than in the film formation technique of spin
coating or the like.

The above-described photo-polymerization dry.
film has poor coating property, so that formation of

10 thin film such as not more than 15 um is difficult. .

. Generally, high resolution and high aspect |
ratio are difficult to provide. | |
Stability against time elapse is poor
(property of trénsfer to the substrate or the

15 patterning property).

The dry film sags into the through-opening.

With thé recent development of the recording
technique, a high precision image quality is demanded
in thé ink jet technique. Here, Japanese Laid Open

20 Patent Applications Nos. HEI-4—10941 and 10942
proposes a system meeting this demand. More
particularly, in this method, a driving signal is
applied to the ink ejection pressure generation
element (electrothermal transducer element)

25 corresponding to recofding information to generate
thermal energy causing abrupt témperature rise beyond

uppér limit of nucleate boiling of the ink; by which a



forned plate having an ejection outlet is pl aced and 20 bonded on the ink

fl ow _passage wall. Here, in order to formthe ejection outlet in the
substrate having the through-opening, the ink flow passage wall is nade of
dry film This is because if a nethod wherein a resin material |ayer for
the ink 25 fl ow passage wall is dissolved in a solvent is applied (solvent
coating such as spin coating, roller coaﬁrng), Is used, the resin materi al
flows into the -3- through-opening with the result that the film

formation is not uniform However, the use of the dry filminvol ves the
bubble is created in the ink to eject the ink droplet

while permitting communication between the bubble and
ambience. In the method, the volume and the speed of
the small ihk droplet are not influenced by the

5 temperature and therefore are stabiliied,\so that a
high quality image can be provided.

The inventors have proposed, as a
manufacturing method suitable for the ink jet head of
the ejection type, the following method. |

10 In the first step, ink flow paths are formed .
with soluble resin material on the base having an ink
supply port and ink ejection pressure generation
elements.

Thén, a coating resin material layer is

-15 formed on the soluble resin matérial layer.

Then, ink ejection outlets are formed on the
coating resin material layer by light projection or
oxygen piasma etching.

Then, the soluble resin material layer is

20 dissolved out.

With the method, the positional accuracy
between the ink ejection pressure generation element
and ink ejection outlet is very high, but for the
formation of the soluble resin material layer, the dry

25 - film has to be used, and therefore, the above- |
described drawbacks of the dry film still apply.

Since the ink ejection outlets are provided in the



drawbacks, as follows. 5 For exanple, the filmformation accuracy
is poorer than in the filmformation technique of spin coating or the |ike.
The above-descri bed photo-pol ynerization dry filmhas poor coating

property, so that formation of 10 thin filmsuch as not nore than 15 [err]m
Is difficult. Generally, high resolution_and high aspect ratio are
difficult to provide. Stability against‘ﬁrne el apse i s poor (property of
transfer to the substrate or the 15 patterning property). The dry film sags
into the through-opening. Wth the recent devel opnent of the recording
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therefore, the distance between the ink ejection
outlets and the ink ejectidn pressure generation
elements which is one of important factors for the ink -
5 ejection accuracy is influenced by the film formation
accuracy.of the soluble resin material layer.
Further, as disclosedlin Japanese Laid Open
Patent Application No. HEI-5-131628, thé distance
accuracy between the ink supply port andlthe ink.

10 ejection pressure generation element is significantly .
influenced by the operation frequency characteristics
of the ink jet head, and therefore, the high
positional accuracy formation technique for the ink
supply port is dete;mined.

15
SUMMARY OF THE INVENTION

Accordingly, it is a principal object of the
present invention to prbvide-a manufacturing method
for an ink jet head wherein the ejection outlet

20 formation of the side shooter type'ink jet head is
carried out on a flat substrate, thus permitting
manufacturing of inexpensive and high precision ink
jet head.-

According to ah'aspect of the present

25 in?ention there is provided a manufacturing method fqr

an ink jet head having an ink éjection pressure

generation element for generating energy for ejecting



20. Patent Applications Nos. HElI-4-10941 and 10942 proposes a system
meeting this demand. Mre particularly, in this method, a driving signal is
applied to the ink ejection pressure generation el enent (el ectrot hermal
transducer elenment) 25 corresponding to recording information to generate

t hermal energy causi ng abrupt tenperature % se beyond upper linit of

nucl eate boiling of the ink, by which a “4- bubble is created in the ink
to eject the ink droplet while permtting comunication between the bubble
and anbi ence. In the nmethod, the volume and the speed of the small  ink

droplet are not ;ilpfl ueRCes By RRpply port for supplying the ink to
an ink jet head,_comprising_the steps of: preparing a
silicon substrate; forming, on a surface of the
siliéon substrate, the ink ejection pressure

5 generation element and silieon oxide film'or silicon _
nitride film; forming anti-etching mask for forming an
ink supply port on a back side of the silicon
substrate; removing silicon on the back side of the
silicon substrate at a position corresponding to the

10 ink supply port portion through anisotrqpic etching:; v
forming an ink ejection portion on a surface of the
silicon substrate; removing the silicon oxide film or
siiieon nitride film from the surface of the silicon
substrate of the ink supply port portion.

15 According to the manufacturing method of the
ink jet head according to the present invention, the
distance between the ejection energy generating
element and the orifice can easily be made accurate,
and the positional accutacies of the element and the

20 center of the orifice can also easily be made
accurate.

According to the present invention, the
formation of the ink ejection outlets is possible on
the flat surface substrate, and therefore, the film

25 formation accuracy is high, and the selectable range
of the member forming the ink ejection outlet portions

can be widened.



5 tenperature and therefore are stabilized, so that a high quality inmage
can be provided. The inventors have proposed, as a manufacturing method
suitable for the ink jet head of the ejection type, the follow ng nmethod.
10 In the first step, ink flow paths are formed with sol uble
resin material on the base having an ink supply port and ink ejection
pressure generation elenents. Then, a coaf?ﬁg resin material |ayer is 15
formed on the soluble resin material |ayer. Then, ink ejection outlets are
formed on the coating resin material |ayer by light projection or oxygen

pl asma et chi ng. Then, th§u§ghg9[ei£e§hg H?ESEE@'iL@XS%iEE,ZQhediSSO|V6d

out .
" positional accuracy of the present invention can be

enhanced, and the distance between the ejection
outlets and the ink ejection pressure generation
5 elements can be'décreased, and therefore, an ink jet
head having a high 6peration frequency can bé easily
manufactured.
These and other objects, features and
advantages of the present inventioh will become more
10 apparent upon a consideration of the following .
description of the preferred embodiments of the
present invention taken in conjunction with the

accompanying drawings.

15 BRIEF DESCRIPTION.OF THE DRAWINGS
| Figure 1 is a schematic view showing-a
formation process for an ink supply port by silicon
anisotropic etching.

Figure 2 is a schematic view showing a

20 formation process for an ink supply port by silicon
anisotropic etching.

Figure 3 is a schematic view showing a
formation process for an ink supply port by
anisotropic etching of silicén.

25 Figuré'4 is a schematic view showing a
formation process for an ink supply port by the

anisotropic etching of the silicon.



Wth the nethod, the positional accuracy between the ink ejection pressure
generation element and ink ejection outlet is very high, but for the
formati on of the soluble resin material layer, the dry 25 filmhas to be
used, and therefore, the above- described drawbacks of the dry filmstil
apply. Since the ink ejection outlets are provided in the -5- coating
resin material layer in this method, and tiferefore, the distance between
the ink ejection outlets and the ink ejection pressure generation elenents
which is one of inportant factors for the ink 5 ejection accuracy is

i nfluenced by the filmfaormation :
y _ Figure 5 is a schematic view showing a

formation process for an ink supply port by
anisotropic etching of silicon.

Figure 6 is a schematic view showing a

5 formation process of an ink ejection outlet.

Figure 7 is a schematic view showing a

~ formation process of an ink ejection outlet.

Figure 8 is_a schematic view showing a
formation process of an ink ejection outlet.

10 Figure 9 is a schematic view showing a
formation process of an ink ejection outlet.

Figure 10 is a schematic viewlshowing a
formation prdcess of an ink ejection outlet. _

Figure 11 is a schematic view of a formation

15 process fér an ink ejection outlet using oxygen plasma
etching._

Figure 12 is a schematic view of a férmation
process for an ink ejection outlet ﬁsing oxygen plasma
etching. |

20 Figure 13 is a schematic view of a process
for forming an ink ejection'outlet by laminating a
member having an ink ejection outlet.

Figure 14 is a schehatic view of a process
for forming an ink ejection outlet by laminating a

25 member haviﬂg an ink ejection outlet.
Figure 15 is a schematic view of a process

for forming an ink ejection outlet by laminating a



aécuracy of the soluble resin material layer. Further, as disclosed in
Japanese Laid Open Patent Application No. HEl-5- 131628 t he di stance
dccuracy between the ink supply port and the ink 10 ejection pressure

generation el enent

is significantly influenced by the operation frequency

characteristics of the ink jet head, and therefore, the high positional
accuracy formation technique for the ink‘gUppIy port is determ ned. 15
SUMVARY OF THE | NVENTI ON Accordingly, it is a principal object of the
present invention to provide a manufacturing nethod for an ink jet head-

wherein the ejec utlet 20 formation.of the. side shooter type ink jet
head is carrleﬂeﬂh ﬁagi?ga?n %Bgt?&?ﬁgl?ﬂuguﬁéFhftting

DESCRIPTION OF PREFERRED EMBODIMENTS

Referring to the accompanying drawings, the

5 embodiments of the present invention will be

described.

Figure 1 to Figure 10 are schematic views

showing fundamental example of the present invention,

and show an example of manufacturing step of the

10 method according to an embodiment of the present i

invention, and also show the structure of an ink jet

head.

In this example, as shown in Figure 1, for

example, a desired number of ink ejection pressure

15 generation elements 3 such as electrothermal

transducer elements or piezoelectric elements are

placéd above a silicon substrate 1 (surface) having a

crystal face direction <100> or <110> with silicon

‘oxide or silicon nitride layer 2 therebetween. The

20 silicon oxide or silicon nitride 1ayer_functions as a

stop layer against anisotropic etching which will be

described hereinafter. The ink ejection energy

generating element 2 functions to eject a recording

liQuid droplet by applying ejection energy to the ink

25 liqguid. When the use is made with an electrothermal

transducer element as the ink ejection énergy

generating element 3, for example, the ejection energy



manuf acturing of inexpensive and high precision ink jet head. According to
an aspect of the present 25 invention there is provided a manufacturing
net hod for an ink jet head having an ink ejection pressure generation

el ement for generating energy for ejecting -6- ink, and an ink supply
port for supplying the ink to an ink jet head, conprising the steps of:
preparing a silicon substrate; forming, ohOa surface of the silicon
substrate, the ink ejection pressure 5 generation elenent and silicon

oxide filmor silicon nitride film formng anti-etching mask for form ng

an : is generated by heating the recording liquid adjacent

the element. In this case, the silicon oxide or
silicon nitride may function also as a heat
aecumulation layer. When the use is.made with the
5 piezoelectric element, the ejection energy is

generated by the mechanical vibration of the element.
To such an element 3, an electrode (not shown) is
connected to supply it control signals for driving the
element. For the purpose of improving the durability

10 of the ejection energy generating_element,-various .
function layers such as protection layer are usable,
as is known. |

Here, the protectien layer may be the silicon
oxide or silicon nitride layer 2 which is a stop layer

15 against the anisotropic etching (Figure 1).

Referiing to Figure 2, a member 4 functioning
as a mask for forming an ink supply port is'placed on
such a surface (back surface) of the substrate 1 as
not has the ink ejection pressure generation element.

20 The member 4 function as a mask against the
anisotropic etching of the silicon, and is preferably
made of silicon oxide film or silicon nitride film.
Here, the member 4 may be placed on the surface of the
substrate'if desired, and may be used also as the

25 above-described protection layer.

- The portion of the member 4 which is going to

‘be the ink supply port is removed by dry etching using



I nk supply port on a back side of the silicon substrate; renmoving silicon
on the back si.de of the silicon substrate at a position corresponding to
the 10 ink supply port portion through anisotropic etching; form ng an ink
ej ection portion on a surface of the silicon substrate; renoving the
silicon oxide filmor silicon nitride filmfromthe surface of the silicon
substrate of the ink supply port portion.‘@i' According to the
manuf acturi ng method of the ink jet head according to the present

i nvention, the distance between the ejection energy generating el enent and
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accurate. .Accor ‘Her}%,t (i)yt rﬁ%ig{gesaemeé.ﬂéveéﬁého%s ttﬂ)%ble—sided mask
| aligner, the position of the ink supply port is
correctly determined relative to the ink ejection
5 pressure generation element on the surface (Figure 3).

Subsequently, the substrate 1 is dipped in
silicon anisotropic etching liquid, a typical example
of which is strong alkali liquid to form ah ink suppiy
port 5 (Figure 4). The substrate surface is protected

10 if desired. In the anisotropic etching for the | *
silicon, the difference in thg solubilities to the
alkaline etching liquid depending on the crystal
orientation, is used, and the etching stops at the
<111> surface which substantially hardly has the

15 solubility. Therefore, the configuration of the ink
supply port is different depending on the surface
direction of the substrate 1. When the surface
direction <100> is used, angle @6 in Figure 4 is
54.790°, and when the surface direction <110> is used,

20 © is 90° (perpendicular relative to surface) (in
Figure 4, surface direction <100> is used).

Since the silicon oxide and silicon nitride
layer 2 has a resistance against the alkaline etching
liquid, etching stops here. Therefore, there is no

25 need of correct end point detection of the etching.

Here, the silicon oxide film and the silicon

nitride film 2 are in the form of thin films at the



formation of the ink ejection outlets is possible on the flat surface
substrate, and therefore, the film25 formation accuracy is high, and the
sel-ect abl e range of the nenber forming the ink ejection outlet portions can
be w dened. -7- Further, in the present invention, the positional
accuracy of the present invention can be enhanced, and the distance between
the ejection outlets and the ink ejection-plessure generation 5 el ements
can be decreased, and therefore, an ink jet head having a high operation
frequency can be easily nmanufactured.

time of the anisotropic etching completion, and
therefore, the.stress control in the_film may be
effected, depending on the form of the ink supply
port, to avoid waving or crease, in some cases.

5 ' As for a method for the stress conirol of the
film 2, the film 2 is made to be a multi-layer film
containing at least one tensile stress layer involving
a tensile stress. An example of'the tensile stress is
a silicon nitride film produced by a low pressure

10 vapor phase synthesizing method. *

_ Subsequently, a formation process for the
nozzle portion in the Substrate 1 is carried out.
Here, the description will be made as to a
manufacturing method using the above-described sdluble

15 resin material layer. The substrate 1 is covered with
the silicon oxide or silicon nitride film 2 even on
the ink supply port, and therefore; the sprface is so
flat that spin coating means, roller coating means or

~ another applying means, is usable.

20 If the film thickness is not more than 50 pm,
a high accuracy film formation is possible with any
film thicknesé. |

.A material which is unable to be formed as
dry film, for example, a material having a poor

25 coating property, is also usable.

A soluble resin material layer is fbrméd aé a

film on the substrate 1 through the spin coating



These and ot her objects, features and advantages of the present invention
w || becone nore 10 apparent upon a consideration of the follow ng
description of the preferred enbodi nents of the present invention taken in
conjunction with the acconpanying drawi ngs. 15 BRI EF DESCRI PTI ON OF THE
DRAW NGS Figure 1 is a schematic view showing a formati on process for an

I nk suppl'y port by silicon anisotropic etcﬁang. Figure 2 is a schematic

vi ew showing a 20 fornmation process for an ink supply port by silicon

ani sotropic etching. Figure 3 is a schematic view show ng a fornmation

process for an | 0%, 34PBLY rBP1ErPYodliRG 8RhEaS! Sl Englellte?o a
patterning is effected to form an ink passage pattern
6 through a photolithography ﬁethod (Figure 6).
- Then, a coating resin material layer 7 is
5 formed as shown in Figure 7. Since the resin material
functions as a structure material for the ink jet
head, it has a high mechanical strength, a heat-
resistivity, an adhesiveness relative to the
substrate, a resistance against the ink liquid and the

10 property not altering the nature of the ink liquid. *

The coating reéin material layer 7 preferably
is polymerized and cured by light or thermal energy
application thereto, and is strongly and closely
contacted to the substrate.

15 Such a coating resin materiél layef 7 forms -
ink flow passage walls by being'provided so as to
cover the ink flow path pattern 6.

After the curing of the coating resin
material layer 7, the plasma dry etching is effected

20 from the back side of the silicon substrate 1 with CFy4
or the like, so that the silicon oxide or silicon
nitride film 2 on the ink supply port 5 is removed to
provide a thfough opening for the ink supply port. |
Here, the etching end of the silicon oxide or silicon

25 nitride film 2 needs not be correctly detected, but
the end portion may be deemed by any poinf in the ink

flow path pattern 6 formed with the soluble resin



25 Figure 4 is a schematic view showing a fornmation process for
an ink supply port by the anisotropic etching of the silicon. Figure 5
i's a schematic view showing a formation process for an ink supply port by
ani sotropic etching of silicon. Figure 6 is a schematic.view showing a 5
formati on process of an ink ejection outlgt. Figure 7 is a schematic view
showi ng a formation process of an ink ej@ #7on outl et. Figure 8 is a
schematic view showing a formation process of an ink ejection outlet. 10
Figure 9 is a schematic view show ng a

material layer (Figure 8). The removal of the silicon
nitride film 2 or the silicon oxide from the ink
supﬁly port 5 may be effected after the ink'ejection
outlet formation which will be described hereinafter,

5 although it is preferable to carrf it out before
removal of the ink flow path pattern 6.

Then, the ink ejection outlet 8 is formed on
the coating resin material layer 7 (Figure 9). As for
the forming method qf ink ejection outlet,

10 photolithography is usable for the patterning .
therefor, when the coating resin material layer 7 has
a photosensitive property. In the case of processing
the cured resin material layer, usablé methods include
a method using an éximer 1aser.and a method using
15 oxygen plasma, for example.

As shéwn in Figure 10, the soluble resin
material layer 6 forming the ink flow path pattefn.is
dissolved out. To the substrate now having the ink
flow paths and ink ejection outlets formed in this

20 manner, a member for ink supply and electric |
connection for driving the ink ejection pressure
generation element, are mounted, so that the ink jet
head is manufactured.

In the preparation process for thé ink jet

25 head, the order of the steps is anisotropic etching,
nozzle formation and anisotropic etching stop layer

removal. But, the order may be nozzle formation,



formati on process of an ink ejection outlet. Figure 10 is a schematic view
showi ng a formation process of an ink ejection outlet. Figure 11 is a
sthematic view of a formation 15 process for an ink ejection outlet using
oxygen plasma etching. Figure 12 is a schematic view of a formation process
for an ink ejection outlet using oxygen plasma etching. 20
13 is a schematic view of a process for réﬁﬁing an ink ejection outlet by

| am nating a nenber having an ink ejection outlet. Figure 14 is a schenmatic
view of a process for formng an ink ejection outlet by lamnating a 25
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process

10

15

20

25

layer removal process. More particularly, the mask
member 4 is formed on the back side of the substrate
1, (Figure 2 orlFigure 3),Iand the nozzle portions are
formed, and thereafte:, the anisotropic etching
process is carried out. In this case, however, it
should be noted that most of the materials for the
nozzle formation member do not have enough resistance
against the anisotropic etching liquid, and therefore,
proper protectiqn is preferably made against the
circumvention of the anisotropic etching liquid to the
front surface of the substrate already having the
formed nozzlés.

{Embodiment 1)

In this embodiﬁent, the ink jet head was
manufactured through the processes showed in Figure 1
- Figure 10. Silicon oxide films are formed oh bbth
suffaces of the silicoﬂ-wafer having a crystal face
direction <100> and having a thickness.of 500 pm
through heat oxidation (thickness is 2.75 microhs);
Then, electrothermal transducer elements as the
ejection energy generating elements and electrodes for
control signal inpﬁt for operating the elements, are
formed on the silicon oxide film (the surface having
the electrothermal transducer element is called front
surface or surfaée, hereinafter).

Here, the back side of the silicon wafer is

Fi gure



for formng an ink ejection outlet by lamnating a -9- nenber having an
ink ejection outlet. DESCRI PTI ON OF PREFERRED EMBODI MENTS Referring to the
acconpanyi ng drawi ngs, the 5 enbodi nents of the present invention will be
described. Figure 1 to Figure 10 are schematic views show ng fundanent al
exanpl e of the present invention, and shOM/gn exanpl e of manufacturing step
of the 10 method according to an enbodi nent®of t he present invention, and
al so show the structure of an ink jet head. '

provided with a gsilicon oxide film formed through the
heat oxidation, and therefore, there is no need of
additional mask member for the anisotropic etching of
the silicon. The silicon oxide film on the back side
5 is remo&ed through plasMa etching by the CF4 gas only
at the portion correqunding to the ink supply port
(Figure 3).
Subsequently, the silicon wafer is dipped at
110 ©C for 2 hours in 30 % potassium hydroxide agueous
10 solution, thus effecting the anisotropic etching for .
the silicon. Here, on the front surface of the wafer,
a rubber type résist is placed as a protecting film,
and cohtact of the potéssium hydroxide aqueous
solution is prevented. Since the anisotropic etching
15 is stopped by.the_silicdn oxide film on the surface of
the silicon wafer, it is not necessary to correctly
control the duration, temperature of the etching
operation;
The silicon wafer having been subjected to
20 the anisotropic etching, is now subjected to pure
water cleaning and removal of the rubber type resist,
and is put into the nozzle portioh formation process.
First, PMER A-900 (available from Tokyo Ouka
' Kogyo KABUSHIKI KAISHA) as a soluble resin material,
25 1is applied through spin coating method, and the
patterning and development are carried out using mask

aligner MPA-600 available from Canon Kabushiki Kaisha



In this exanple, as shown in Figure 1, for exanple, a desired nunber of ink
ej ection pressure 15 generation elements 3 such as el ectrothernal
transducer. el enents or piezoelectric elenents are placed above a silicon
substrate 1 (surface) having a crystal face direction <100> or <110> with
silicon oxide or silicon nitride layer 2 therebetween. The 20 silicon oxide
or silicon nitride layer functions as a stop |ayer agai nst anisotropic
etching which will be described hereinafter. The ink ejection energy
generating elenent 2 functions to eject a recording |iquid droplet by

appl ying ej ectipn g8eh0¥nkOnblg bEKtke ihRUfowBEEnENEFYgarkSelyRde Wi th an
el ectrothermal transducer elenent as the ink e ection energy generating
element 3, for eN@NPMER iBekBbWA! 48nEBELEK type resist having high

re solution image propérty and stabilized patterning

property, but having a poor coating propérty and

5 therefore not suitable for formation into dry film.

Here, in the present in#ention, the front surface of

the silicon wafer is flat, and therefore, the resist

of the novolak type can be applied with correct

thickness through the spin coating method.

10 Then, the coating resin material layer for

L d

forming the nozzles énd ink ejection_outlets, is
formed through the spin coating method, on the soluble
resin material layer which is going to be the member
for constituting the ink flow path. The coating resin
15 material layer becomes a structure material of the ink
jet head, and therefore, high.mechanical strength,
high adhesiveness relative to the substrate, high ink-
resistant or the like is desired, and cation
polymerization cured material produced from the epoxy
20 resin material by heat and light reaction, is most
preferably used. 1In this embodiment, the use was made
with EHPE-3150, available from Daicell Kagaku Kogyo
KABUSHIKI KAISHA, Japan, which is an alicyclic type
epoxy résin material,-as the epoxy resin material, and
25 ﬁith a mixed éatalyst comprising 4,4-di~t-butyl-
| diphenyliodoniumhexafluoroantimonate/copper triflate,

as thermosetting cation polymerization catalyst.



-10- is generated by heating the recording |iquid adjacent the elenent. In
this case, the silicon oxide or silicon nitride may function also as a heat
accunul ation | ayer. Wen the use is made with the 5 piezoelectric el enent,
the ejection energy is generated by the nmechanical vibration of the

el ement. To such an elenent 3, an el ectrode (not shown) is connected to
supply it control signals for driving the*B?Enent, For the purpose of

i mproving the durability 10 of the ejection energy generating el ement,
various function |ayers such as protection |ayer are usable, as is known.

Here, the protection I‘finec{r rrp?nebtergthieonslé thl'\ne ink supply port, the

silicon oxide film is removed from the ink supply
lport. The silicon oxide film can be removed at the
back side of the.silicon wafer through the plasma
5 etching using the CF, gas. Here, on the ink supply
port, the soluble ;esin material layer to be removed
in a later step is filled, and therefore, plasma
etching may be stopped at any point in the soluble
resin material, so that the coating resin maferial
10 layer is not influenced by‘the plasma etching. Wet .
etching is available for the silicon oxide film by
dipping in hydrofluoric acid.
Subsequently, the ink ejection outlets are
formed on the coating resin material layer. In this
15 embodiment, the ejection outlets are formed through
oxygen plasma etching.
| On the coating resin material layer of the
silicon wafer from which the silicon oxide film hés
been removed at the ink supply port, silicon
20 containing positive-type resist FH-SP 9, available
from Fuji HANT KABUSHIKI KAISHA, is applied, to effect
patterning for the portions (not shown) for the ink
supply port and for the electric connection for the
signal input (Figure 11). Then, the_ejection outlet
25 portions and electric connecting portions (not shown)
are etched by oxygen plasma etching, wherein the

resist FH-SP functions as ti-oxygen-plasma film. The



oxide or silicon nitride layer 2 which is a stop |ayer 15 against the

ani sotropic etching (Figure 1). Referring to Figure 2, a nenber 4
functioning as a mask for fornmng an ink supply port is placed on such a
surface (back surface) of the substrate 1 as not has the ink ejection
pressure generation elenment. 20 The nenngL§ function as a mask against the
ani sotropic etching of the silicon, and 1% preferably made of silicon oxide
filmor silicon nitride film Here, the nmenber 4 may be placed on the
surface of the substrate if desired, and may be used al so as the 25

v Coee RIS LRl o PGt f € gEIEN ok |
material layer only at the ejectiqn_outlet portion.
By doing so,.the heater surface is not damaged.
In this embodiment, the ejection outlets are
5 formed through the oxygen plasma etching, but in
another e#ample, they are formed by abrasion by
projectioh of eximer laser through a mask.
Subsequently, the soluble resin material
layer and the FH-SP film are removed (Figure 10).

10 ' Finaliy, an ink supply member, is connected, .
and electrical connection for the.signal input is
connected, thus accomplishing the ink jet héad.

The ink jet head was manufactured in this
mnanner, was ﬁounted to a recording device, and

15 recording operations were carried out using ink
comprising pure water/diethylene glycol/isopropyl
alcohol/lithium acetate/black color dye hoodblack 2
= 79.4/15/3/0.1/2.5. Stab1e~printing was possible,
and the resultant print had high guality. With the

20 ink jet recording hééd of this embodiment, és has been
described hereinbefore, all of the ink ahead of the
heater is ejected out. Therefore, if the nozzle
structure is correct without variation (particuiarly,
nozzle height = soluble resin material layer + coating

25 resin material layer), it is expected that the
variation qf the ejection amounts among the nozzles,

is very small. The variation was measured using the



CF4 gas wth the aid of normal photo-resist mask. Here, by using a neans
such as doubl e-sided mask aligner, the position of the ink supply port is
correctly determined relative to the ink ejection 5 pressure generation

el erent on the surface (Figure 3). Subsequently, the substrate 1 is dipped
in silicon anisotropic etching liquid, a_typical exanple of which is strong
alkali liquid to forman ink supply porrzg‘(Figure 4). The substrate
surface is protected 10 if desired. |In the anisotropic etching for the
silicon, the difference in the solubilities to the alkaline etching liquid

cependl N o0 L0R, SRESheeCheRRHAS R e B dnnBAlahle, o ke St oS At the
Therefore, thg,ce0tigH" 8 %ﬂeOLJEE‘Elekamounts was measured, as
| follows. The printing is carried out with a specified
pattern by ejection the ink by each nozzle on a
5 recording material {(coating paper), and the average
and the standard deviation (number of samples 10) of
the optical density (0.D.) are determined. The

results are shown in Table 1.

10 | Table 1 .
0.D. Ave. - Standard deviation ¢
Pattern 1 |  0.72 0.01
Pattern 2 1.45 0.01
15

As will be understood from Table 1, there is
hardly any variation in“the ejection amounts among fhe
nozzles, according to this embodiment, and therefore,

20 the image quality was high.
(Embodiment 2)

In this embodiment, the ink jet head was
prepared'through nozzle process, anisotropic etching,
and anisotropic etohing stop layer removal process, in

25 the order named.
On the surface of the silicon wafer 1 hav1ng

a thickness of 500 pm and having crystal face



supply port is different depending on the surface direction of the
substrate 1. Wen the surface direction <100> is used, angle [err] in
Figure 4 is 54.790, and when the surface direction <110> is used, 20 [err]
is 90 (perpendicular relative to surface) (in Figure 4, surface direction
<100> is used). Since the silicon oxide and silicon nitride |ayer 2 has a
resi stance agai nst the al kaline etching Féduid, etching stops here.
Therefore, there is no 25 need of correct end point detection of the
etching. Here, the silicon oxide filmand the silicon nitride film2 are in

the formof thin filns at _the -12- '
direction,<1%0>, electrothermal transducer elements 3

as the ejection energy generating elements and a
driving circuit for operating the elements, were
formed. Then,la silicon nitride film 2 was_formed on
5 the surface of the silicon wafer as a stop layer
against the anisotropic etching. The silicon nitride
. film 2 functions also as a protecting film for the
electrothermal transducer elements. Then, a silicon
nitride film was formed on the back side of the wafer
10 .as a mask member 4 against the anisotropic etching f
(Figure 2).
Subsequently, in fhis embodiment, nozzle
' portiens are formed. Similarly to Embodiment 1, the
ink flow.path molds were formed using PMER as the
15 soluble resih material layer, and the coating resin
 material layer ﬁas formed. As for the coating resin
material layer, a similar composition as in the
Embodiment 1 ﬁas used.- Here, the mixed catalyet
comprising 4,4-di-t-butyldiphenyliodoniumhexafluoro-
20 antimonate/copper triflate has photosensitive
property, and therefore, the ink ejection outlets were
formed through photolithography. After coating resin
material layer formation, it_is exposed through a mask
12 usihg a mask aligner PLA 520 (coldmirror 250,
25 available from CANO&) (Figure 3), and the development
was carried out to formation the ink ejection outlets.

Subsequently, the wafer was dipped for 15



time of the anisotropic etching conpletion, and therefore, the stress
control in the filmmy be effected, depending on the formof the ink
suppl’y port, to avoid waving or crease, in sone cases. 5 . As for a
met hod for the stress control of the film2, the film2 is nmade to be a
multi-layer filmcontaining at | east one t3?5|le stress layer involving a
tensile stress. An exanple of the tensil &%¢ress is a silicon nitride film
produced by a | ow pressure 10 vapor phase synthesi zi ng net hod.

Subsequently, a formation process for the nozzle portion in the substrate 1

S carried out r r nuf acturin
hethod L5|ngutﬁéH§b§Ve%§escrl§ 3 solu ékfgqre3|n na rléﬁmnggr. Tﬁel °
substrate 1 1spcayehidey bukdts® 'sUlS‘E’io?iX e o sRtiropAe Ritichiidy 'drm 2

even on
the silicon.

At this time, the TMAH aqﬁeous solution was
5 structurally prevented from contacting to the wafer
surface having the formed nozzle portions. After the
anisotropic etching compietion, the silicon nitride
film below the ink supply port and the soluble resin
material layer were removed so that the ink jet head

.10 was accomplished. .

Finally, similarly to Embodiment 1, the
electrical connection for the signal input and ink
supply member mounting were carried out, and good
printing was confirmed.

.15 (Embodiment 3)

In this embodiment, the use was made with the
method disclosed in Japanese Laid Open Patent
Application No. SHO-62¥264957 Specification, for this
invention.

20 ' Up to the stage of formation of the ink
supply port by anisotropic etching of siiicon, the
steps are substantialiy the same as in Embodiment 1
(Figure 5). | o

Then, the resin material layer 10 for

25 constituting the nozzle, was formed by spin coating,
and the patterning using light projection, and

development were carried out (Figure 13).



the ink supply port, and therefore, the surface is so flat that spin
coating neans, roller coating neans or another applying neans, is usable.
20, ) If the filmthickness is not nore than 50 [err]m a high
accuracy filmformation i's possible with any filmthickness. A material
which is unable to be fornmed as dry film r exanple, a material having a
poor 25 coating property, is also usable.”&Soluble resin nmaterial |ayer is
formed as a filmon the substrate 1 through the spin coatlng -13- et hod
or roller coating nethod, and thereafter, a

Here, since the surface of the silicon wafer
is flat, the spin coating is usable for the film
formation. This is advantageous as follows.

. The £ilm formation is possible with high
5 accuracy with any given film thickness even to such an
extent of not more than 15 um which is difficult ﬁith
the use:of dry film, so that the design latitude was
increased.

Since the ink does not fall into the ink

10 supply port as contrasted to the case of use of the - .
dry film, ink supply port may be disposed closer to
upper nozzle portions (improvement of the'operation
frequency of the ink jet héad).

A material.which is not easily formed into a

15 dry film {(a material having poor coating propertyj, is
usable. |

In this embodiment, the followingncomposition

(Table 2) was used as the nozzle structure material.

20

25



pétterning Is effected to forman ink passage pattern 6 through a
phot ol i t hogr aphy method (Figure 6). Then, a coating resin material |ayer

i's 5 formed as shown in Figure 7. Since the resin material
structure material for the ink jet head, it has a high nechanical strength,

a heat- resistivity, an adhesiveness relative to the substrate, a

resi stance against the ink liquid and t 2240 property not altering the

nature of the ink liquid. The coating resin nmaterial |ayer 7 preferably is

pol ynmeri zed and cured by light or thermal energy application t her et o,

Is strongly and closely contacted to *%h; q% strate. Such a
coating resin material layer 7 forns m/passage malls by being
provi ded so as to cover the ink flow path pattern 6.

10

15

20

25

wt.parts
Epoxy resin Ortho-cresolnovolak - 80
epoxy resin
Epicote 180H65
{(mfd. by Yuka Shell Epoxy)
Propyreneglycol modified | 15
bisphenol A epoxy resin
Silane A-187 3
coupling {(mfd. by Nlppon Uniker)
agent
Photocation SP-170 2
polymerization | (mfd. by Asahi Denka Kogyo)
initiator ' '

The composition of representation 2 is |
ekcellent in the anti-ink property, but the coating
property is poor, and therefore, it could be applied
with controlled thickness on a silicon wafér by using
the spin coating.

Similarly to Embodiment 1, the silicon oxide
on the ink supply port is iemoved (Figure 14). Then,
a member 11 having ink ejection outlets 8 prepared
through electro~-forming of nickelf was positioned and
heat?crimped on the nozzle structure material 10, so
that an ink jet head was manufactured (Figure 15).

Finally, the mounting of the ink supply member and the

functions as a

and

7



After .the curing of the coating resin material layer 7, the plasma dry
etching is effected 20 fromthe back side of the silicon substrate 1 with
CF4 or the like, so that the silicon oxide or silicon nitride film2 on the
i nk supply port 5 is renoved to provide a through opening for the ink
supply port. Here, the etching end of the _silicon oxide or silicon 25
nitride film2 needs not be correctly detéeted, but the end portion may be
deened by any point in the ink flow path pattern 6 fornmed with the sol uble
resin -14- material |ayer (Figure 8). The renoval of the silicon nitride
film2 or the a'll

eé%ggcgiiggnLE%%EBHefEthhe signal input were
carried out. Print evaluation was carried out, and it
has been confirmed that good;printing operatioﬁ was
accomplished. .

5 While the invention has been'deécribed with
réference to the structures disclosed herein, it is
not confined'to the details set forth and this.
application is intended to cover such modifications or

changes as may come within the purposes of the

10 improvements or the_scope of the following claims. .

15

20

25



supply porf 5 may be effected after the ink ejection outlet formati on which
w Il be described hereinafter, 5 although it is preferable to carry it out

before renpval of the ink flow path pattern 6. Then, th&JJﬂLiﬂjﬂﬂijﬁL*_T%~
outlet 8 is formed on the coating resin material |ayer i re 9

the formng nethod of ink ejection outlet, 10 photol i tho i"'ﬁummlla

for the patterning therefor; when the coa@ﬁhg resin nate
photosensitive property. In the case of processing the cured re5|n "met ert al
| ayer, usabl e nethods include a nethod using an exinmer |aser and a net hod

usi ng 15 oxyge & .fq 3 |l e. As shown in Figure 10, the soluble .
resin material te ink flow path pattern is dissolved out.

To the substrate nqw hay Qo i di¥ring method for an ink jet head

having an ink ejection pressure generation element fbf
generating enexgy for ejecting ink, and an ink supply
5 port for supplying the ink to an ink jet head,
comprising the steps of:
preparing a silicon substrate;
forming, on a surface of the silicon
substrate, the ink ejection pressure generation
10 element and silicon oxide film or silicon nitride .
£ilm; |
forming_anti—etching mask for forming an ink
supply port on a back side of the silicon substrate;
'removing silicon on the back side of the
15 .silicon substrate at a position corresponding to the
ink supply port portion through anisotropic_etChing:
forming an ink ejection portion on a surface
of the silicon substrate;
removing the silicon oxide film or silicon
20 nitride film from the surface of the silicon substrate

of the ink supply port portion.
2. A method according to Claim 1, wherein said
. ink ejection portion forming process is carried out

25 after said anisotropic etching process.

3. A method according fo Claim 1, wherein said
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- THIS SHEET HAS BEEN
ARG A s



fle/paths and ink ejection outlets fornmed in this 20 manner, a nenber for
i nk supply and el ectric connection for driving the ink .ejection pressure
géneration elenent, are nmounted, so that the ink jet j

In the preparation process for the ink jet 25 head, the s ps
is anisotropic etching, nozzle fornati on'%fl_ ani sot r opi (Hi!liﬁml@mﬂﬂﬂ!ﬁ“ er
renoval . But, the order nmay be nozzle for I on, - 15- %Al *
etching and ani sotropic etching stop |ayer renoval process. Mre

particularly, the mask nmenber 4 is forned on the back side of the substrate
' anisotropic etching process is carried out after the

ink ejection portion forming process.

4, A method according to Claim 1, 2 or 3,
5 wherein the silicon substrate has a crystal face

direction of <100> surface.

5. A method according to Claim 1, 2 or 3,
wherein the silicon substrate has a crystal face

10 direction of <110> surface. : .

6. A method according to Claim 1, 2, 3, 4 or 5,
wherein said anti-etching mask is of silicon oxide
film or silicon nifride film.

15 .

7. A method according to Claim 1, 2, 3, 4, 5 or
6, wherein said ink ejection portion forming process
comprises: |

forming an ink flow path with a soluble resin
20 materiai}
forming a coating resin material layer oﬁ the
soluble resin material layer:;
forming the ink ejection outlet on the
coating resin material layer.
25
8. A method according to Claim 7, wherein the

soluble resin material layer is applied on said

This Sheet Has Been Replaced THIS SHEET HAS BE:
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1,'(FLgure 2 or Figure 3), and the nozzle portions are 5 forned, and
thereafter, the anisotropic etching process is carried out. In this case,
however, it should be noted that nobst of the nmaterials for t

fornatlon nmenber do not have enough resistance agai nst t“l"m
etching liquid, and therefore, 10 proper protection is ’%@pg
agai nst the circunmvention of the anisotropf¢ etching I|qU|d°toLt

surface of the substrate already having the forned nozzles. (Enbod|nent 1)
15 In this enbodi nent, the ink jet head was manuf actured through

e 2SR U M, prEAR e SO ERR S8BT

di rection <100> @QgiQQV|ng a thickness of 500 [err]m

' 9. A method according to Claim 1, 2, 3, 4, 5 or
5 6, wherein said ink ejeCtion portion forming process
comprises: |
forming the ink flow path with a photo—
curable resin material;
laminating'a member having the ink ejection
10 outlet on the photo-~curable resin material having the .

ink flow path.

10. A method according to Claim 9, wherein the
soluble resin material layer is applied on the silicon

15 substrate through spin coating or roller coating.

11. A manufacturing method for an ink jet head
having an ink ejection pressure generation element for
generating energy for ejecting ink, and an ink supply

20 port for supplying the ink to an ink jet head,
comprising the steps of:
'preparing a silicon substrate;
forming, on a surface of the silicon
substrate, the ink ejection pressure generation
25 element and silicon oxide f11m or silicon nitride
f11m,

forming anti-etching mask for forming an ink

'ﬂHSSHEETHAS“
heet Has Been Replaced _______j?_‘it.z_LCfB .
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20 through heat oxidation (thickness is 2.75 mcrons). Then, el ectrothernmal
transducer elenents as the ejection energy generating elenents and
él ectrodes for_control signal input for operating the elements, are forned
on the silicon e film(the surface havi ng 25 t he electrotherwa
t ransducer ele ﬂ Jﬂuu Fnt surface or surface, hereinafter). Here,

t he back side l&! -2916- provided with a silicon oxide
filmforned through the eat OX|dat|on and therefore, there is no need of
addi tional mask menber for the anlsotropic etching of the silicon. The

silicon oxide filmon the back side .
supply port on a back side of the silicon substrate;

removing silicon on the back side of the
silicon substrate at a position corresponding to the
ink supply port portion through anisotropic etching;

5 forming an ink flow path pattern with a
soluble resin material on the surface of the silicon
substrate; |

forming a coating resin matérial layer on the
ink flow path pattern:

10 - curing the coating resin material layer:; *

forming fhe ink ejettion outlet in the
coating resin material layer;

removing the silicon oxide film or silicon
nitride film from the surface of the silicon substrate

15 of the ink supply port portion to form the ink supply
port;

' forming the ink flow path in fluid
communication with the-ink ejection outlet and ink
supply port by dissolution removal of the ink flow

20 path pattern from the siliéon substrate having the ink

supply port and ink ejection outlet.
12. A method according to'CIaim 11, wherein the
'silicon substrate has a crystal face direction of

25 <100> surface.

13. A method accdrding to Claim 11, wherein the
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5 is. removed t hrough plasma etching by the CF4 gas only at the portion
corresponding to the ink supply port (Figure 3). Subsequently, the silicon
wafer is dippet—at—1t6—Ferr{€for 2 hours in 30 % potassi um hydroxi de

aqueous 10 soOlgaiw flgect i ng the ani sotropic etching for the
silicon. Herq,lmnﬂlu!mnﬂgmm'rface of the wafer, a rubber type resist is
pl aced as a preotectitngsfi bm*and contact™ Ot t he potassi um hydr oxi de agueous
solution is prevented. Since the anisotropic etching 15 is stopped by the

silicon oxide filmon the surface of the silicon wafer, it is not necessary

to correctly C%e'lﬁir n .té]u}s‘é:uzra%é s t%eerg(}?%l%%%e td‘i.eree!%ﬁtg]{l%faperat i on.

"‘The silicon wat avin een subj ec e ani'sotropic etching, is
now subj ect ed 410 PU'arface.

14. A method according to Claim 11, wherein said
5 anti-etching mask is of silicon oxide film or silicon

nitride film.

15. A method according to Claim 11, wherein the
soluble resin material layer is applied on said
10 silicon substrate through spin coating or roller .

coating.

16. A method according to Claim 11, wherein the
silicon okide film or silicon nitride film on the
15 .surface of the silicon substrate comprises a plurality
of films ihcluding at least one of tensile stress film

involving tensile stress.

17. A method according to Claim 16, wherein said
20 at least one film is produced by low pressure vapor

phase synthesizing method.
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water cleaning and renoval of the rubber type resist, and is put into the
nozzl e portion formation process. First, PMER A-900 (avail able from Tokyo

‘CQuka Kogyo KABUSH K

KAI SHA) as a soluble resin material, 25 is applied

through spin coating nethod, and the patterning and devel opnment are carried
out using mask aligner MPA-600 avail abl e_from Canon Kabushi ki Kai sha to
formthe nold of the ink fl ow paths (Fig@ﬂé 6). The PMER i s known as
novol ak type resist having high re solution i mage property and stabilized

patterning property,

but having a poor coating property and 5 therefore not

sui table for BBEQ§REQnO%nEﬁEdBXSEEbgbR re, in the present invention, the
front surface - :

A manufacturing method for an ink jet head

having an ink ejection pressure generation element for

generating energy for ejecting ink, and an ink supply

5 port for supplying the ink to an ink jet head,

including the steps of preparing a silicon’substrate;

forming, on a surface of the silicon substrate, the

" ink ejection pressure generation element and silicon

oxide film or silicon nitride film; forming anti-

10 etching mask for forming an ink supply port on a back .

side of the silicon substrate; removing silicon on the

back side of the silicon substrate at a position

corresponding to the ink supply port portidn through

anisotropic etching; forming an ink ejection portion

15 on a surface of the silicon substrate; and removing

the silicon oxide film or silicon nitride film from

the surface of the silicon substrate of the ink supply

port portionl_

20

25
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the silicon wafer is flat, and therefore, the resist of the novol ak type
can be applied with correct t hi ckness through the spin coating nethod. 10
Then, the coating resin material layer for form ng the nozzles and ink
ejection outlets, is fornmed through the spin coating nmethod, on the soluble
resin material layer which is going to be the nenber for constituting the
ink flow path. The coating resin 15 material |ayer becones a structure
material of the ink jet head, and therefore, high chani cal strength, high
adhesi veness relative to the substrate, high-ink- FFesistant or the like is
desired, and cation polynerization cured materi al uroduced fromthe epoxy
20 resin materi al by,,,,,,,,,,,,,,,__,,,,,,,,,,,,,,,,,,:aA ia ) d. In
this enbodi ment, thg

Kagaku Kogyo :
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KABUSHI KI KAl SHA, Japan, which is an alicyclic type epoxy resin material,
as the epoxy resin material, and 25 with a m xed catal yst conpri sing

4.4-di -t-butyl - d|phenyl|odoniunhexafluoroantinonate/copper triflate, as

t hernosetting cation polynerization catalyst. For penetration of the ink
supply port, the silicon oxide filmis renoved fromthe ink supply port.
The silicon oxide filmcan be renoved at the back side of the silicon wafer
through the plasma 5 etching using the CF4 gas. Here, on the ink supply
port, the soluble resin material layer to be renoved in a later step is
filled, and therefore, Sk Ng may be st opped poi nt in the
sol ubl e i 1

T - e . -
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FIG 7
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resin material, so that the coating resin material 10 |layer is not

i nfl uenced by the plasma etching. Wet etching is available for the silicon
oxide filmby dipping in hydrofluoric acid. Subsequently, the ink ejection
outlets are formed on the coating resin nmaterial layer. In this 15

enbodi nent, the ejection outlets are fornmed through oxygen plasma etching.
On the coating resin material |ayer of the silicon wafer from which the
silicon oxide filmhas been renoved at the ink supply port, silicon 20
cont ai ning positive-type resist FHSP 9, available f@m Fuji HANT KABUSHI K
KAI SHA, is applied, to effect patterning for the poryions (not shown) for

the ink supply port rgnal i nput
(Figure 11). Then, ' 7
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25 portions and el ectric connecting portions (not shown) are etched by
oxygen plasma etching, wherein the resist FH SP functions as
1i-oxygen-plasma film The -19- etching is stopped at any point in the
soluble resin material layer only at the ejection outlet portion. By doing
so, the heater surface is not damaged. In this enbodi nent, the ejection
outlets are 5 fornmed through the oxygen plasma etching, but in another
exanpl e, they are fornmed by abrasion by projection of exiner |aser through
a mask. Subsequently, the soluble resin material |layer and the FH-SP film
are renoved (Figure 10).
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.10 . Finally, an ink supply nenber, is connected, and el ectrical
connection for the signal input is connected, thus acconplishing the ink
‘jet "head. The ink jet head was manufactured in this manner, was nounted to
a recording device, and 15 recording operations were carried out using ink
conprising pure water/diethylene glycol/isopropyl alcohol/lithium

acet ate/ bl ack col or dye hoodblack 2 = 79.4/15/3/0.1/2.5. Stable printing
was possible, and the resultant print had hig uality. YWth the 20 ink jet
recordi ng head of this enbodi nent, as has been, descri bed therei nbefore, al
of the ink ahead of the heater is ejected out.y Therefore,}if the nozzle

structure i s corred yarla n (parti ar| yi I ght =
sol ubl e resin nater + coa g 25 res|n nate ' , It is

FIG I3
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ivari-ati on of the ej ection anounts anmong the nozzles, is very small. The
vari ation was neasured using the  -20- ink jet head according to thi
énbodi nent. The variation of the ejection anobunts was dﬁi&ﬁﬂﬁﬁt Hiows.
The printing is carried out with a specified pattern by ejection the ink by
each nozzle on a 5 recording materi al (ggfging paper), and th e and
the standard devi ati on (nunber of sanples 10) of t
are deternined. The results are shown in Table 1. 1p R
Table 1 O D. Ave. St andard deviation [err]

MANUFACTURING METHOD OF INK JET HEAD ,ﬁﬂ———‘““"—‘——‘l

ABSTRACT OF THE DISCLOSURE

A manufacturing method for an ink jet head
having an ink ejection pressure generation element for
generating energy for ejecting ink, and an ink supply

5 port for supplying the ink to an ink jet head,
including the steps of preparing a silicon substrate;
forming, on a surface of the silicon-subétrate, the
ink ejection pressure generation elgment and silicon -
oxide £ilm or silicon nitride film; forming anti-

10 etching mask for forming an ink supply port on a back
side of the silicon substrate; removing silicon on the
badk.side of the silicon substrate at a position
corresponding to the ink supply-port portiéh'fhrough
anisotropic etching; forming an-ink ejection portion

15 on a surface of the silicon substrate; and remdving.
the silicon oxide film or silicon nitride film from

the surface of the silicon substrate of the inkasupply
port portian

50 No figure suggested
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Pattern 1 0. 72 0.0l Pattern 2 1.45 0.01
15 As wi |l be;understood from Table 1, there is hardly any—yaatd '

ej ection anounts anong the nozzles, according to this eMﬁ

t herefore, 20 the image quality was hi gh. (Enbodi nent 2)

enbodi nent, the ink jet head was preparedythrough nozzle pfoge
ani sotropi c etching, and ani sotropic etching stop |ayer re

25 the order nanmed. On the surface of the silicon wafer 1 pak
t hi ckness of 500 [err]m and having crystal face 3
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FIG 3




21-'direction <100>, electrothermal transducer el ement éﬁﬁfi éhe ei-e
. o \ ; LAC

el ements, were forned. Then, a silicon nitride film2 $1cd e
surface of the silicon wafer as a stop layer against th '”QS?DEQP1
etching. The silicon nitride film2 funcijons also as a} pfotecting ||‘ flor

the el ectrothermal transducer elenents. Then, a silicon|n -
formed on the back side of the wafer 10 as a mask nmenber_4 agai nst.. the-l
ani sotropic etching (Figure 2). Subsequently, in this enbodi nent, nozzl e
portions are forned. S|n1larly to Enbodi nent 1, the ink flom1path nol ds

were formed using BPM
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15 sc;l uble resin material layer, and the coating resin material |ayer was
formed. As far the coating resin material layer, a simlar LEi .

in the Enbodi nent 1 was used. Here, the m xed catalyst c WW%T
4,4-di -t-butyl di phenyl i odoni umhexaf |l uoro- 20 anti nonate/ per ‘triflate

p

has phot osensitive property, and therefarge, the ink ej ecti% aut DEC<1996r ¢
formed t hrough photolithography. After coating resin matefifl l'ayer
formation, it is exposed through a mask 12 using a mask i gner PLA 520 .
(coldmrror 250, 25 available from CANON) (Figure 3), an

was carried out to formation the ink ejection outleBs. Sub'sequ'ently, t he
waf er was di pped for 15
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~22--time'at 80 Cin 22 TMAH (tetramet hyl armoni um  hydr oxi de) | JRERLAGEMENT SHEET

solution to anisotropic etching for the silicon. At this ti % EMENT SHEE
aqueous solution was 5 structurally prevented fromcontacti ng§t'e % DED 995
surface having the formed nozzle portions. After the anisotropi:¢ etching

completion, the silicon nitride film belqgw the ink supply por re—tire '
soluble resin material |ayer were renoved so that the ink jet jhead 10 was’

acconpl i shed. Finally, sinilarly to Enbodiment 1, the electrical connection
for the signal input and ink supply menber nounting were carried out, and
good printing was confirmed. 15 (Enbodi nent 3) ' o
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- I'n this ‘enbodi nent, the use was made with the nmethod di scl osed i n Japanese
Laid Open Patent. Appllcatlon No. SHO 62- 264957 Specification, for this

i nvention. 20 Up to the stage of formation of Qe }QEMENﬁpSHEEBrt
by ani sotropic etching of silicon, the steps are substani SeoH

in Enbodiment 1 (Figure 5). Then, the rgsin naterial | aj
constituting the nozzle, was forned by spin coating, an
using light projection, and devel opnment were carried ou
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Here, since the surface of the silicon wafer is flat, the Spin coating is

;usable for the filmformation.

even to such an extent of not nore than 15 pm which is dif fREPUARCEMENTHS
use of dry film so that the design | at26t.ude was i ncrease}.
into the ink 10 supply port as contrasted t

h RN uste
of the dry film ink supply port may be di sposed cl oser t psgf nozgﬁg

portions (inprovenment of the operation frequency of the ifhkl-st—heath
mat eri al

does not fall

poor coating property), is . .usable.

, This i s advantageous as follows. The film
forpation is possible with high 5 accuracy with any gi ven,fira-thekme

T

MCe Lthe | n

meauy .

which is not easily formed into a 15 dry film (afmateri al
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havi ng
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What is claimed is:

1. A manufacturing method for an ink jet head
having an ink ejection pressure genération element for
generating energy for ejecting ink, and an ink supply
port for supplying the ink to an ink jet head,
comprigsing the steps of:

preparing a silicon substrate:

forming, on a surface of the silicon
substrate, the ink ejection presaure generation
element and silicon oxide film or silicon nitride
film;
_ " forming anti-etching mask for forming an ink
supply port on a back side of the silicon substrate:

-removing silicon on the back side of the

silicon substrate at a pasition corresponding to the
ink supply port portion through anisotropic etching;

forming an ink ejection portion on a surface
of the silicon substrate;

removing the silicon oxide film or silicon
nitride film from the surface of the silicon substrate
of the ink supply port portion.

2. A method according to Claim 1, wherein said
ink ejection portion forming process is carried out
after said anisotropic etching process.

3. A method according to Claim 1, wherein said

anisotropic etching process is carried out after the

ink ejection portion forming pracess.
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In‘this enbodinent, the follomnng conposition (Table 2) was
;nozzle structure naterlal 20 25

-24- Table 2 wt.parts EppxRERLACEMENT SHEET
Ot ho- cre g\iulujl""l l”ll 80 5 epoxy—testnm

Epi cote 1 a Shell Epoxy) Propyreneglycol ﬁD,i1I?P

15 bi sphenol epoxy resin -27- S JUN 1999

4. A method according to Claim 1, 2 or 3
wherein the silicon substrate has a crystal face
diraection of <100> surface.

5. A method according te Claim 1, 2 or 3,
wherein the silicon substrate has a crystal face
direction of <110> surface.

6. A method according to Claim 1, 2 or 3,

wherein said anti-etching mask is of silicon oxide
film or silicon nitride [ilm.

L 7. A manufacturing methad far an ink jet head
having an ink ejection pressure generation element for
generating energy for ejecting ink. and an ink supply
port for supplying the ink to an ink jet head,
comprising the steps of;

preparing a silicon substrate;
forming. on a surface of the gsilicon
substrate. the ink ejection pressure generation

element and silicon oxide f£ilm or silicon nitride -
film;
forming anti-etching mask far forming an ink
N supply port on a back side of the silicon substrate;
temoving silicon on the back side’of the silicon
substrate at a position corresponding to the ink
supply port portion through anisotropic etching:
forming an ink ejection portion on a surface
of the silicon substrate by the steps of forming an
ink flow path with a soluble resin material, forming a
coating resin material layer on the sgluble resin
material layer, and forming the ink ejection ocutlet on
the coating rasin material layer; and

removing the silicon oxide film or silicon

nitride
£ilm from the surfacc of the silicon  |PisSheetHas Been Replac

substrate of the ink supply port portion. IIII |||I" II“II
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Si | ‘ane A- 187 3 10
(nfd by N ppon Uni ker) agent Photocation SP-170 :
2 pol ynerization (nfd. by Asahi Denka Kogyo) initiator 1p ﬁmqﬁggmﬂWSSMﬁgh
of representatlon 2 is excellent in the anti-ink property y

pr oper I S poor and therefore it coulgl be applied with
thlckness on a ﬂ q Eunﬂ“ﬁlugu u3|ng 20 the spi n coating
Enmbodi ment 1, on the ink supply port is d_ L
14). Then, a nenber having ink ejection outlets 8 prepdred through
electro-forning of nickel, was positioned and

coupl i ng

—————

8. A methad according ta Claim 7. wherein the
soluble resin material layer is applied on said

silicon substrate thraugh spin coating or roller
coating.

9. A manufacturing method for an ink jet head
having an ink ejection pressure generation element for
generating energy for ejecting ink, and an ink supply
port for supplying the ink to an ink jet head,

\,- comprising the steps of:
preparing a silicon substrate:
forming., on a surface of the silicon
- substrate, the ink ejection pressure generation
element and silicon oxide film or silicon nitride
film;
forming anti-etching mask for forming an ink
supply port on a back side of the silicon substrate:
removing silicon on the back side of the silicon

substrate at a position corresponding to the ink
supply port portion through anisotropic etching:

- forming an ink ejection partion on a surface
of tHe silicon substrate by forming the ink flow path
with a photo-curable resin méterial[;j and laminating
a member having the ink ejection outlet on the photo-
curable resin material having the ink flow path;

removing the silicon oxide film or silicon
nitride film from the surface of the silicon substrate
of the ink supply port portion.

10. A method according to Claim 9, wherein the
soluble resin material layer is applied on the silicon
substrate through spin coating or roller coating.
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25 heat-crinped on the nozzle structure material 10, so thftpem ACBMENPISHEET
-head was manufactured (Figure 15). Finally, the mounting o

menber and th jcal connection for the signall i|npu

earried out. ﬁ“l"”"ﬁﬂmﬂuﬂﬂﬂmms carried out, and it has ke nQéMﬁ%
t hat good printirfg dperat Fon*was accamy i shed. 5 ile the _
invent i on has been described with reference to the structures discl osed

herein, it is not confined to the details set forth and thﬁS~app++ea++eﬁ—rs—
| ntended {0 cover, guch frodh {2314 015 e BRAVES 5 B OPUE hdd " he
having an ink ejection pressure generation elcment for
generating energy for ejecting ink, and an ink supply
port for supplying the ink to an ink jet head,
comprising the steps of:
preparing a silicon substrate:
forming, on a surface af the silicon
substrate, the ink ejection pressure generation

element and silicon oxide film ar silicon nitride
film;
forming anti-etching mask for forming an ink
. supply port on a back side of the silicon substrate:

= removing silicon on the back side of the.
silicon substrate at a position corresponding to the
ink supply port portion through anisotropic etching;
forming an ink flow path pattern with a
soluble resin material on the surface of the silicon
substrate;
'~ forming a coating resin material layer on the
ink flow path pattern: |
curing the coating resin material layer:;
. forming the ink ejection outlet in the

coating resin material layer;

removing the silicon oxide film or silicon
nitride film from the surface of the silicon substrate
of the ink supply port portion to form the ink supply
part;

forming the ink flow path in fluid
communication with the ink ejection outlet and ink
supply port by dissolution removal of the ink flow
path pattern from the silicon substrate having the ink
supply port and ink ejection outlet.
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10“Tﬁﬁ76§€ﬁ§ﬁ?g~g;*1he scope of the fol

5 20" 45, ) ;
CL'ﬂJ;sJ‘@E%tHﬁBe@ReP‘a manuf act uri ng net ho mm ‘mﬂi !lhead _a\l}ﬁﬁlcﬁfgﬁtﬁ:ﬁSHEﬁT
eJe Egeneratlon el enent f rgy fdr lejecting an

I nk, L““ pply port for being suppli ed the ink, and ijnd e&JUNMII9
outl on the i nk -ej ection pressugg.-generation elenent fqr ejecting

t he i nk,

ej ection

conpr|5|ng the steps of preparing a substrate havi ng the=TnK
i
12. A method according to Claim 11, wherain ‘the

silicon substrate has a crystal face direction of
<100> surface.

13. A.metnod according to Claim 11, wherein the

silicon substrate has a crystal face direction of
<110> surface.

14. A methaod according to Claim 11, wherein said

anti-etching mask is af silicon axide film or silicon
nitride f£ilm.

N 15. A method according to Claim 11, wherein the
soluble resin material layer is applied on said

silicon substrate through spin coating or roller
coating.

186. A method according ta Claim 11, wherein the
silicon oxide film or:silicon nitride film on the
- surface of the silicon substrate comprises. a plurality

of £ilms including at least one of tensxle stress film
involving tensile stress.

17. A method according to Claim 16, wherein said

. at least one film is praduced by low pressure vapor
phase synthesizing method. -

18. A method according ta claim 7, wherein said
ink ejection portion forming process is carried out
after said anisotropic etching process.

19. A method according to claim 9, wherein said

ink ejection partion forming process is carried out
after said anisotropic etching process.

20. A method according to claim 11, wheresin said
ink ejection portion forming praocess is carried out
after said anisotropic etching process.

"THS SHEET HAS BEEN
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pressure generation el enment and anti-etching filmon a first surface of the
substrate; formng an anti-etching mask for form ng an ink supply port—a

'second surface being back side of the first surface, of th

. 'REMACEMENT SHEET
forming an ink flow path pattern with a soluble resin natefi g—ormtte
anti-etching film formng an ink flowgath wall nenber hai'gb(ise i'g et
ejection outlet, on the ink flow path pattern; renoving thg¢ gu r%H o
t he second surface of the substrate to said anti-etching fill bk
corresponding to the ink supply port portion by etching; r mg\‘/ii ng said
cric 1T 11K

=

anti-etching fidlm f r dmmekBode@6RATSEPTaER BFathe’ sUthar=ite !

supply port apisotropic etching process is carried out after the
ink ejection pourtion forming process.

22. A method according to claim 9, whersin said
anisotropic etching process is carrisd out aftar the
ink ejection portion forming process.

23. A method according to claim 11, wherein said
anisotropic etching process is carried out after the
ink ejection portion forming process.

I

| O

-
as Been Replaced

T




portion to forn1the I nk supply port which is per formed w t h—he—tri—F-ow
path wal |l nenmber existing on the ink flow path. pattern; and fREPh#\WENTeSHEﬁJ
flow path in fluid comunication with the ink ejection outlptfand tnhe 1nk
supply port by dissolution renoval of the ink flow path pat}ern fs ;m*
si.licon substrate having the ink supplysuort and the ink ejection outl et.
REPLACEMENT SHEET -27 - 2. A net hod according to d ai m 1, | waesei-r—ihe
silicon substrate has a crystal face direction of <100> surface.

MANUFACTURING METHOD OF INK JET HEAD

ABSTRACT OF THE DISCLOSURE
A manufacturing method for an ink jet head
having an ink ejection pressure generation element for
generating energy for ejecting ink, and an ink supply
5 port for supplying the ink to an ink jet head,
including the steps of preparing a silicon-substrate;
forming, on a surface of the silicon substrate, the
ink ejection pressure generation element and silicon
oxide film or silicon nitride film; forming anti-
j0 etching mask for forming an ink supply port on a back
side of the silicon substrate; removing silicon on the
back side of the silicon substrate at a position
corresponding to the ink sdpply port portion fhrough
anisotropic etching:; forming an ink ejection portion
15 on a surface of the silicon substrate; and removing
NG the silicon oxide film 6r silicon nitride film from

the surface of the silicon_substrate of the ink supply
port portion.

20 No figure suggested

25 This Sheet Has Been Replaced -
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3. 7 A net hod—aeeoerdinrg—to—Cat-m 1, wherein the silico
crystal face di ' surface. 4. A nethodfagee
1, wherein saﬁﬂlmﬂmalﬁwlgmmsk is of silicon oxide fi
nitride film ¢ ALNewuho

| ayer is applied on said silicon substrate t}|
rol |l er coalLing. 6. A nethod according to Caiml,
oxide film.oxmstsi 6PATRED kde fil mon the surface of Bl
conprises'?rjﬁ%ﬂ1ﬂ42177%iﬁﬁﬂrﬁs including at | east one of tensil®e

filminvolving tensile stress.

mat eri al

sai d

SEP '

accordi ng 48 Cl aim 1, wherfeifn €

1. A manulacturing method for an ink jet head
havipg an ink ejection pressure generation element for
generating energy for ejecting an ink, and an ink
supply port for being supplied the ink, and ink
ejection outlet faced on the ink ejection pressure
generation element for ejecting the ink, comprising
the steps of

preparing a subslrate having the ink ejection
prcssure generation element and anti-etching film on a
first surface of the substrate;

forming an anti-etching mask for forming an
ink supply port a second surface bcing back side of
the first surface, of thc substrate; _ _

Torming an ink flow path pattcrn with a
soluble resin material on the anti-etching film;

forming an ink flow path wall member having

Lhe ink jet ejection outlef, on Lhe ink flow path
pattern;: |

removing the substrate from the second
surface of the substrate to said anti-etching film at
a position corrcsponding to the ink supply port
portion by etching;

removing said anli-etching film from the
sccond surlace of the substrate of Lhe ink supply port
portion to form the ink supply port which is performed

wilh the ink flow path wall member existing on the ink
'flow path pattern; and '

forming the ink flow path in fluid
communication with the ink ejection outlel and the ink
supply port by dissolution removal of the ink flow
path pattern from the silicon substrate having thé ink
supply port and the ink ejection outlet.

A nmet hod according to daiml, wher ei n
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at {east one filn1is produced by | ow pressure vapor phase synthesizing
nmet hod. 8. accordlni to daim1l, wherein said i I<HQPEREEMHNT SHEET

portion form r\ﬂmﬂma“luml ied out after said anisotropi gqretching
process.

g to C-@7m 1, wherein said nlns]?blagmﬁ 2001

et chi ng process i ¢ carrifed®out after the i nk ej ection porti
process. -28 - 10. A nethod accordlng to daiml, wher the
:ﬁéjde film

anti -t chi ng fi bm copppl 5g8,°LL080R: 0% 05 Eibuoh, “bhs8t

silicon substrate has a crystal face direction of
<100> surface. '

3. A method according to Claim 1, wherein the
silicon substrate has a erystal face direction of
<110> surface.

4. A method according to Claim 1, wherein said
anti-etching mask is of silicon oxide film or silicoan
nitride fiim,

5. A mcthod according to Claim 1, wherein the
soluble resin material layer is applied on said
silicon subslrate through spin coating or roller
coaling.

6. A method according to Claim 1, wherein the
silicon oxide film or silicon nitride film on the

surface of the silicon substrale comprises a plurality
of films including at least one of tcnsile stress film
involving tcensilc stress.

7. A method according to Claim 1, wherein said
al.least one film is produced by low pressure vapor
phase synthesizing method.

8. A method according to Claim 1, whercin said
ink ejection portion forming process is carried out
after said anisotropic etching process.

9. A meLhod according to Claim 1, wherein said
anisotropic etching process is carried out after the
ink c¢jection portion forming process.
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10. A method according to Claim 1, whex:ein‘-
anti-etching film comprises silicon oxide film or
silicon nitride film.~--
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MANUFACTURING METHOD OF INK JET HEAD

ABSTRACT OF THE DISCLOSURE

A manufacturing method for an ink jet head
having an ink ejection pressure generation element for
generating energy for ejecting ink, and an ink supply
port for supplying the ink to an ink jet head,
including the steps of preparing a silicon substrate;
forming, on a surface of the silicon substrate, the
ink ejection pressure generation element and silicon
oxide f£ilm or silicon nitride film; forming anti-
etching mask for forming an ink supply port on a back
side of the silicon substrate; removing silicon on the
back side of the silicon substrate at a position
corresponding to the ink supply port portion through
anisotropic etching; forming an ink ejection portion
on a surface of the silicon substrate; and removing
the silicon oxide film or silicon nitride film from
the surface of the silicon substrate of the ink supply

port portion.

No figure suggested



/W SEARCH REPORT . |[Apptication No. 9610177-9

TEXT OF THE ABSTRACT

MANUFACTURING METHOD OF INK JET HEAD

A manufacturing method for an ink jet head having an ink ejection pressure generation element
(3) for generating energy for ejecting ink, and an ink supply port (5) for supplying the ink to an
ink jet head, including the steps of preparing a silicon substrate (1); forming, on a surface of
the silicon substrate, the ink ejection pressure generation element (3) and silicon oxide film or
silicon nitride film (2), forming anti-etching mask (4) for forming an ink supply port (5) on a
back side of the silicon substrate; removing silicon on the back side of the silicon substrate (1)
at a position corresponding to the ink supply port portion through anisotropic etching; forming
an ink ejection portion (7,10) on a surface of the silicon substrate; and removing the silicon
oxide film or silicon nitride film (2) from the surface of the silicon substrate of the ink supply
port portion.
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