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FIELD OF THE INVENTION
The present invention relates to a fluid ejection device to be used in a
5 printhead of an ink jet printer for ejecting fluid such as ink in a well-controlled manner,

and production method thereof.

1]

BACKGROUND OF THE INVENTION
With the development of a computerized society in recent years, demand for
10 E&%ﬁce automation or OA devices has been growing rapidly. Under such circumstances,
demand for various kinds of printers has become inéreasingly stronger, not only with
respect to their performance as a recording means but for higher-speed printing and
improved picture quality.
In widely used ink jet printers, the ink jet printhead of the on-demand
15  system which enables a high-speed ejection of the ink at the user’s will, is critical for the
performance of the printer. The ink jet printhead, in general, comprises an ink channel, a
pressure chamber where ink is pressurized, a pressurizing means for the ink such as an
actuator, and an ink outlet through which the ink is ejected. To realize an on-demand ink
jet printer system, a pressurizing means with high controllability is required. However, |
20 most of the conventional systems employ a bubble ejecting method whereby the ink is
| heated to produce bubbles, which eventually eject the ink (heating method), or a
piezoelectric method in which ink is directly pressurized by a deformation of piezoelectric .
ceramics and the like.
Fig 11 is a sectional perspective view showing an example of the

25 construction of a conventional ink jet printhead, The conventional ink jet printhead consists

[jﬂs SHEET HAS BEEN
REPLACED




e e

demand for various kinds:of printers has becone Wonger, not
only with respect to their performance as a reco |ng means but foa
hi*gher - speed printing and inproved picture quali ty cet Has Bee“Rp
w dely used ink jet printers, the ink jet prlnthea nd system
whi ch enaN@@J@ﬂA_@mﬂp@éd%?/é%@Bon of the ink at th “gm

I nt head |

critical for the performance of the prlmter The |nk n

general , c ses an |n nnel, a pres cha ink Jjs

pFessuri z ﬁi‘ erldq, men ﬁb? apEespye Ci"ﬁ‘@ls’ ’KR( éi%n?&tl oullety an

I nk out | et thr§ which the ink is ejected. To reallze an on- demand i nk 20
jet pri nt &M P%n{ mlf‘ésgér Fzﬁtwgtuﬁ%mhﬁftl’hllﬁagﬁ swertereoneaben Brii7;
required. l\/bst conventional systens enploy a bubble ejecting method, aI SO
known as struc@la'emvglhmﬁlﬂd&hadlaphragm 119 and individual electrodes 120 (1202, 120b).

On a first side of the piezoelectric member 111 individual electrodes 120 are
- 5 formed thereon. On a second side thereof electrodes are also formed in the same manner
o (not depicted). The piezoelectric member 111 is bonded to the diaphragm 119 via the
electrode on the second side. -
The diaphragm 119 and the structure member A 116, the structure member
B 117 and the structure member C 118 are bonded by an adhesive or similar material
10 thereby forming a laminated structure. There is a cavity in the structure member A 116,
where the pressure chamber 112 and the ink channel 113 are to be formed. In general, a
‘plurality sets of the pressure chambers 112, the ink channel 1.13 and individual electrodes
120 are formed and disposed such that each set is separated from the other sets. The
structure member B 117 is formed in the same manner with the ink inlet 115 Being
15  mounted additionally. On the structure member C 118, corresponding to the position of the
pressure chamber 112, the ink outlet 114 is mounted. The ink is supplied through the ink
inlet 115, and the ink channel 113 and the pressure chamber 112 are filled with ink.
The diaphragm 119 is made of a conductive material and.has conductivity
with the electrodes mounted on the bonded surface of the piezoelectric member 111. Thus, '
20  if an electric voltage is applied between the diaphragm 119 and the individual electrodes
120, the laminated section of the piezoelectric member 111 and the diaphragm 119 is
deformed. At this time, an arbitrary location of the piezoelectric member 111, in other.
words, the location corresponding to an arbitrary pressure chamber112 can be deformed by )
selecting an electrode to be applied with an electric voltage. The deforrhation pressurizes

25 ink in the pressure chamber 112, and the amount of ink responsive to the preésure is
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“

applied to the piezoelectric member 111. Therefore, by controlling the magnitude of the

o

eleciric voltage and the location on which the electric voltage is.applied, amount and

Tocation of the ink ejection can be arbitrarily changed.
- S The conventional thermal ink jet printhead, in general, is inferior to the
piezoelectric method in terms of the response speed. On the other hand, in the case of the
ﬁiezoelectric ink jet printhead, the displacement of the piezoelectric member and the
diaphragm is restricted by the tﬁiékness of the piezoelectric member. If the pie;,zoelectric
member is too thick, a sufficient displacement can not be gained due to fhe rigidity of the

10  piezoelectric member itself. If the area of the piezoelectric m_ember is increased to effect a
sufficient displacement, the ink jet printhead will become bigger making barder to achieve
a higher density of the nozzle. As a result, material cost will increase. When the area of the
piezoelectric member can not be increased, a higher driving vc;ltage is required for a
sufficient deformation.

15 A piezoelectric member with thickness of about 20pm hé,ve become
available now by techniques of the thick film forming and the integrated firing, however, a
higher density in the nozzle is still required for an improved picture quality. In order to
reduce the area of the piezoelectric member to achieve a higher density of the nozzle,
reduction of the thickness of the piezoelectric member is essential. However, conventional |

20  methods have limitations in this regard.

A cavity must be provided within the structures made of stainless steel or
the like in order to form an ink channel, and for precise and complex ink channels.
increased number of layers are required. Adhesive used on the bonded section is subjected
to fluid for a long time, therefore, reliability of such material has always required close

25 attention.
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outlet 114, a fluid (ink). inlet 115 a first structure nenber 116, a second
structure menber 5 117, a third structure nmenber ThBSheg gl gphragm 119 and
i iidi vi dual el ectrodes 120. On a first side of the pi m pder 111,
i-ndi vi dual el ectrodes 120a, 120b, and so .on are for a second
si de t her @963PEbA rlderebdasrl®9941238f or med in the sane I /120bu,
and so on. The piezoelectric menber 1114 is bonded to the diaphragm 119 via
the el ectrode on the second.side. 10Q o .. The, di.aphragm 119 and
tie first structure } ofyt BPTQS?Fgl%‘@@B%IﬁPMW‘@ﬁ%HH@n%%‘WO? Vigh §uighh e
third structure nenber 118 are bonded by an adhesive or simlar material,

t her eby f @6 AR ik jat prigthead with higheripictwrequatifie bigherrshiabilivyieadibesvercost. and t he i nk
channel 113 conprise a cavity in first structure nenber 116. In general, a
plurality of sets,

SUMMARY OF THE INVENTION
5 A fluid ejection ‘device of the present invention includes at least one

chamber divided independently from other chambers, an ink channel cormnuhicating with

E

the chamber, an ink outlet communicating with the chamber, and a pressure generating
‘section having a laminated body made of a piezoelectric material of a thickness of not
more than 7um and an elastic body, the section covering one face of the chamber.

10 | A production method of a fluid ejection device of the present invention
includes the steps of: a process of forming a through—lioie for the pressure chamber and a
through-hole for the ink inlet on a first substrate; a process of bonding the first substrate
and a second substrate; a process of bonding the second substrate and a third substrate; ahd

“a process of forming a pressure generating section comprising a laminated body including

15  piezoelectric materjal and én elastic material such that the pressure generating section
covers the through-hole for the pressure chamber.

According to the present invention, a thin film material of PZT related
material deposited by sputtering method is used as a piezoelectric material.
According to the present invention, silicon and glass substrates are used as |

20  structure members which are etched and processed by sand-blasting.

The structures are difectly bonded by processing the surfaces and heating
without the use of resiﬁ or other adhesives.

The configuration discussed above allows the piezoelectric member to be
thinner with ease, which contributes to a higher density of the nozzle. A plurality of silicon

25 and glass substrates ate simultaneously processed finely by etching and sand-blasting,
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each set conprising a the pressure chanber 112, an ink channel 113 and
I ndi vi dual 15 el ectrodes 120 are forned and di spossgsmiens Bat

fagh set
i & separated fromthe other sets. The second structurﬂgﬂﬂmr THFS
| s 114,

simlarly formed with a plurality of separate ink inl m
st r uct ur e2068346&1 A liwral doepP9%1H a plurality of separ

Is aligned with the second structure nmdnber so that the outlets align with
t he pressuyre, chanbers 112. ., The ink is supplied throqugh th inﬂlfi’i l et 115,
£4111 ng. tHETehH KNRIREING SFOCISNg Frgcisin foRrogcss aifh dRAER B RMPELOtPIORIcaR  The
di aphragm 119 is_pmde, of a_conductive material and is in conductive
communi caltresssedi he sHicor and talass substrates an bpoditectly honded, dherpfore tlerg-6Amt he
bonded surface of the piezoelectric nenber 111. Thus, if an electric

vol t age . i slighibityi agdinsteinflewrpfiflugd is secured. Meanwhile, the substrates can be bonded at a

time , which contributes to streamlining of the production processes.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 shows a sectionql perspective view of a fluid ejection device in
accordance with the first exemplary embodiment of the present invention. |
Figs. 2A-2D show a manufacturing process of a piezoelectric thin film of
10  the first exemplary embodiment as set forth in Fig, 1.
Figs. 3A-3E show a manufacturing proc:ess of a silicon substrate of the first
exemplary embodiment as set forth in Fig, 1.
Figs. 4A-4E show a manufacturing process of an ink outlet of the first.
exemplary embodiment as set forth in Fig. 1.
15 Figs. SA-5D show a manufacturing process of the fluid ejection device of
the first exemplary embodiment as set forth in Fig. 1.
Figs. 6A-6F show an alternative manufacturing process of a silicon
substrate.
Figs. 7A-7D show an alternative manufacturing process of an ink outlet.
20 Fig. 8 shows a sectional perspective view of a ﬂuid_ ejection device in
accordance with the second exemplary embodiment of the present invention.
Figs. 9A-9E show a manufacturing process of a silicon substrate of the.
second exemplary embodiment as set forth in Fig. 8.
Figs. 10A-10F show a manufacturing process of the fluid ejection device of

25  the second exemplary embodiment as set forth in Fig. 8.
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di aphragm 119 and the individual electrodes 120a, 120b, and so on,
di aphragm 119 3 conducts current and def orns, 3|s def orm ng the section
of*t he pi ezoel ectric menber 111 laninated to the dfi EW Dlageg s g

sel ected section of piezoel ectric nmenber 111 and di ' ML :
cor r esponaVa83Iekl e diserakdac 18998288t r odes 120a, 120b, be
defornmed by selecting the set of electrédes to be energized with an

el ectric voltage. The def ormgti on pressurjzes_ink ., n the pressure
chamber 112 ungeH yf’lrgg?bﬁ]g}\@ﬁ azgqrgr:atl@p @@qggquve view of a th(id ejection dFe)vme o}'j the

prior art,

Fig. 12 shows a.plan view of the processed silicon substrate in accordance
with the first exemplary embodiment of the present invention, |
- 5 Fig. 13A-13E show a manufacturing process chart illustrating processing
| steps of the silicon and glass substrates.

Fig. 14A-14E show a manufacturing process chart illustrating another
processing. steps of the silicon and glass substrates,

Fig. 15A and 16B show processed condition of a silicon substrate in

10 accordance with the second exemplary example of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
First I bodi I
Fig. 1 is a perspective cross sectional view illustrating an example of a fluid
15 ~ejection device comprising silicon, glass and piezoelectric thin films.
As shown in Fig. 1, a fluid ejection device in accordance with the first
exemplary embodiment comprises the following elements; a piezoelectric thin film 11, a
pressure chamber 12, an ink channel 13, an ink outlet 14, a through-hole 15, an ink inlet
16, a first silicon substrate 17, a glass substrate 18, a second silicon substrate 19, an elastic
20  body 20 and individual electrodes 21(21a, 21b...). More specifically, the fluid ejection
device of this embodiment comprises-a laminated body made of the first silicon substrate
17, the glass substrate 18 and the second silicon substrate 19, the piezoelectric thin film 11, .
the elastic body 20 and the individual electrodes 21mounted on the piezoelectric thin film

11.

25 The first silicon substrate 17 is provided with such elements as the pressure
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120a for exanpl e, and the ampunt of ink responsive to the pr pressure is
eJ ected fromthe ink outlet 114. The anount of defraiBRL, depends on the
elfectric voltage applied to the piezoelectric marrb fmjm agpde, by

controlling the magnitude of the electric voltage n at which
t he el ect2ﬂ683lﬁ@1 fabisraldoapPY B8 t he anount and Io nk 10

ej ection can be arbitrarily changed. Tie conventi onal ther mal i nk ] et

pri nt head, i gggen raI is inferior to the piezgelectric nethod,in terns of

the respdmambenbeformef apan indikidpal Herough-gection ab tekpasitiop; cosisen ingite theik j et
printheads is that the displacement of the piezoelectric nenber and the
di aphr ag riilﬂréflduel.;@lpwchéwwﬁ@ ik ¢hanest 18 fo uto {hieanidwig dn thecdirmstibeof | f
the piezoelectric 15 menber is too thick, insufficient displacenent may
be provi dbe tickness of the siliogh dsizbspratef 17 mesuch a manner that it communicates with the

pressure chamber 12, and the ink inlet 16, a through-section commﬁnicatiﬁg with the ink

5  channe] 13. The opening area of the ink channel 13 starts to expand outwardly as it goes

away from the pressure chamber 12 (illustrated as dottéd lines in Fig. 1). Fig. 1 shows a

single set of thé individual electrodes, the pressure chamber, and the ink outlet and so on.

A fluid ejection device generally has a plurality of units constructed in a similér manner

including the individual electrodes, the pressure chamber and the ink outlet. Fig. 1 shov\‘rs

10  two sets of the individual electrodes 21 (21a and 21b).

.Next, the first silicon substrate 17 and the glass substrate 18 are bonded,
whereby the pressure chamberl2 and the ink channel 13 are sealed except for some
portion. The glass substrate 18 is provided with a through-hole 15 on the position
corresponding to the pressure chamber 12. Corresponding to the center of the through-hole

15 15, an ink outlet 14 with an area smaller than the opening portion of the through-hole 15 is
formed on the second silicon substrate 19. The glass substrate 18 and the secoénd silicon
substrate 19 are bonded. The piezoelectric thin film 11 is bonded through the elastic body
20 on the face of the pressure charﬂber 12 opposite the through-hole 15. The piezoelectric
thin film 11 has the individual electrode 21a formed on front surface thereof, and other'

20  individual electrode on the back surface (not shown in the drawing).

The fluid which has flowed in from the ink- inlet 16 fills the ink channel 13,
pressure chamber 12 and the through-hole 15, and stays around the ink ouﬂet 14. If an.
electric voltage is applied between the electrodes on both sides of the piezoelectric thin

film 11, the laminated body of the piezoelectric thin film 11 and the elastic body 20 will be

25  deformed. Providing the elastic body 20 is made of a conducive material, it will conduct
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Piiezoel ect nber,s with thickness of about 20[er ave come
avai | abl eV Ew{%’iﬁ%@gﬁ maypted m.th%fsrf%ﬁerfg tmem@cmt@@ﬁﬂ erf?w&ﬁon
t echni ques, however, a higher nozzle density is still U|red for inproved
pri nt quaPecugs When woltsee it epplied between therelasticdrody 8 q&ﬁé@b@l gl electrodesdler to
aﬁhleve a higher nozzle density, reduction of the piezoelectric

: The exact position of the laminated body to be deformed can be changed freely by

‘ . selecting the portion of the individual electrode 21 to be applied with voltage. The
- "5 deformation of the laminated body comprising the piezoelectric thin film 11 and the elastic |
5 ' body 20 brings the fluid in the pressure chamber 12 under pressure, and the fluid is ejected |
“ 4 | from the ink outlet 14 in a volume responsive to the strength of the I;H‘CSSIJI'C‘
: In general, a piezoelectric thin film 11 is made of material with high
piezoelectric constant such as PbZr, Ti| O, or other PZT related material. A thin film made
10 of such material is manufactured, under certain condition, by depositing a film on a MgO
substrate for the piezoelectric thin film by the sputteriﬁg .method. The MgO substrate for
the piezoelectric thin film is etched in phosphate or in a similar chemical whereby a thin
film consisting of the piezoelectric thin film 11 is easily obtained.
The shape of the ink outlet 14 affects ejection speed and the area of the
15  ejected fluid, as such it is a key element determining the printing performance of an ink jet
printer. A smaller opening area of the ink outlet 14 enables finer printing, however, an
excessive difference in area from the pressure chamber would result in a large loss, thus
desirable ejection can not be expected. This loss can be reduced when the glass substrate
18 is provided with the through-hole 15 of which a cross-sectional area tapers from the |
20  pressure chamber toward the ink outlet. Moreover, this construction makes the shape of the
ink outlet more controllable tﬁan a construction having a tapered hole alone, resulting in
the ink outlet 14 with finer and more uniform shape. |
When pressure is applied, the pressure is not kept within the ink outlet 14
- but transmitted to the ink channel 13 which may trigger a back flow of the fluid. To solve

25 . this problem, the ink channel 13 is shaped in a manner that its opening space (illﬁstrated as
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ines in Fig. 1) tapers toward the pressure chamber 12 thereby resistance_against the
back flow increases, and even a better ink ejection is achieved. The same effect can be
obtained by providing a narrower section in the ink channel 13. When the area of 'thg
narrower secﬁon in the ink channel 13 is about 0.5 to 1.5 times as large as the area of the
ink outlet 14, good ejection is secured by preventing the back flow.

The piezoelectric thin ﬁlml 11 of several pm in thickness can easily be
obtained using the sputtering method. It is thinner when compared with conventional films.
When the piezoelectric thin film 11‘ becomes thinner, its own rigidity is reduced, thus a
larger deformation is more easily obtained. When the magnitude of deformation is the
same, strain is smaller with the thinner film, therefore, reliability for repeated loading can
be improved. As it has been described, the thinner piezoelectric material nof only
contributes to a reduced size of the actuator and its surrounding area and the area of the ink
outlet 14, but also contributes to a higher density and in turn, .a higher picture quality.

.. Regarding the thickness of the piezoelectric thin film 11, if it is too thin, a
poor driving force would result, conversely, manufacturing thicker material by the thiﬁ ﬁlm
technique is inefficient since it requires a longer sputtering time. Therefore, a reasonable
thickness of a piezoelectric thin film is not more than 7um in terms of a secure driving
force and film making cost. Since the actuator is not deformed when it is only made of the
piezoelectric thin film 11, it must form a laminated structure with the elastic body Zd. In |
order for the elastic body 20 to actually function as the elastic body 20 while maintaining
conductivity, stainless steel or other metallic material is used. However, the thickness of
and the rigidity determined by nature of the material of each layer affect the position of the .
neutral plane during deformation. The further the neutral plane moveé away from the

boundary surface, the more the stress generated at the boundary surface increases,

increasing the risk of delamination. Conversely, when the neutral plane is formed inside
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of metallic material must be the same or smaller than the thickness of the piezoelectric
member.

Each pigzoelectric material has to function only for each pressure chamber,
therefore, the piezoelectric material is not needed in the partitions of adjacent pressure
chambers. Rather, when the piezoelectric material is separated by every pressure,
interference between adjacent piezoelectric members and stress imposed on the
piezoelectric material during the bonding process and actual driving can be avoided, so that
crécking in the piezoelectric material is prevented.

Fig. 2 shows sectional views illustrating an example of the production

. method for dividing the piezoelectric material.

First, as shown in Fig. 2A, a material for the individual electrode 23 and a
piezoelectric thin film 22 are deposited on a MgO. substrate for the piezoelectric thin film
24 by the sputtering method. Second, the material for the individual electrode 23 and the
piezoelectric thin film 22 are selectively etche& away and divided into individual
electrodes 23a, 23b and 23c, and piezoelectric thin films 22a, 22b and 22c respectively
(Fig. 2B). Third, an elastic body 28 made of chromium or other metallic material is formed
with a resin material 25 such as polyimide coated thereon (Fig. 2C). Then, a silicon |
substrate 27 is bonded to the dividing portion or the portion where the material for the

individual electrode 23 and the piezoelectric thin film 22 are etched away selectively, in a

manner that only pressure chambers 26a, 26b and 26¢ are correspondingly in contact with .

the piezoelectric thin films 22a, 22b and 22c. Finally, the MgO substrate for the
piezoelectric thin film is immersed in a phosphate solution and removed (Fig. 2D). As a

result, the dividing portions are strengthened by the resin material 25. Moreover, since the
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it does not seriously affect the driving.

The construction discussed above realizes a fluid ejection device which
gjects fluid from an arbitrarily selected ink outlet in a plane of a substrate.

Following is an example of a manufacturing process. Figs. 3A-3E, Figs.
4A-4B and Figs. SA-5D show sectional views illustrating the manufacturing process of the
fluid ejection device of the present invention.

Figs. 3A-3E show an example of the processing of the first silicon substrate
31. Both sides of a first silicon substrate 31 as shown in Fig. 3A are coated with resists ?;2a
and 32b, and the patterning is carried out by the photolithography technique (Fig. 3B). In
this process, patterns are formed corresponding to the position and shape of each pressure
chamber 34 and ink charmel 33. ‘

Next, silicon is etched from the side coated with the resist 32b by the
teactive ion etching method (RIE). The etching stops at the predetermined depth in the
direction of the thickness of the substrate with an opening being formed on only one side,
forming an ink channel 33 (Fig. 3C)..Then, etching is performed from the resist 32a side
forming a through-section communicating with the ink channel 33. By this process, a
pressure chamber 34 and an ink inlet 35 are formed (Fig. 3D). Finally, the resists 32a and
32b are removed to conclude the manufacturing process of the first silicon substrate 31
(Fig. 3E).

Figs. 4A-4E show an example of a manufacturing process of a gléss
substrate 41 and a second silicon substrate 44.

First, both sides of the glass substrate 41are coated with resists 42a and 42b.
Then, a pattern is formed only on the resist 42a side at a place corresponding to the
pressure chaﬁber (Fig. 4A). Next, abrasive grains are sprayed by the sand-blasting method

from the resist 42a side, and then a through-hole 43 is formed by processing the glass
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The piezoelectric material may be a thin film naterial of PZT-deposited by

sputtering. The silicon substrates may be processed by reactive ion etching
(RIE) and the gl ass substrates may processed by s?}gstjshtgtﬁ%tﬂe&g{epﬂda@
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Then, after the resists 42a and 42b are removed, the second silicon substrate |
44 and the glass substrate 41 are directly bonded by direct bonding fechnique. Patterning of
a resist 45 coated on the second silicon substrate 44 is processed so as to form an ink outlet
46 in corresponding positions to each pressure chamber (Fig. 4C).

The direct bonding technique is a method to bond substrates by washing the
substrates and heating them without using any inclusions such as resin or applying a high
electric voltage as it is the case with the anodic bonding method. In the direct bonding, for
example, glass and silicon with a smooth surface are V\}ashed in peroxomonosulfuric acid,
peroxodisulfuric or the like and stacked after drying. |

When the substrates are pressed, certain bonding is gained, and the stacked
body is heated at several hundreds °C to increase bonding strength. This method can lead
to an extremely strong bonding when optimufn substrate material and washing and heating
conditions are provided. For example, one delamination test revealed that in the bonding _of
glass substrates, bonding strength was so high that, in some mode, damage was caused not
on the bonded surfaces but inside the substrate itself. The direct bonding realizes high
reliability free from degradation in the bonded layers occurring with the lapse of time or in |
contact with fluid as it is the case with the bonding using resin or similar material.
Furthermore, the manufacturing process is very simple requiring only washing and heating
processes. Following the bonding process, the second silicon substrate 44 is etched by RIE .
(Fig. 4D) and the resist 45 is removed to complete the process (Fig. 4E).

As described above, with the method illustrated in Figs. 4A-4E, aligxﬁng of

both through-holes can be done easily. Moreover, the substrates can be handled more easily
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streanm i ni ng of. the production processes. BRI EF DESCRIPTIONOFTHE DRAW NGS

15 Fig. 1 shows a sectional perspective view of a fluid

ej ection device in accordance with the first exel 2eBésn8enimecit of t he
present invention. Figs. 2A-2E show a nmanufacturi a

pi ezoel ec20683JGHAiA litdralidoof1999122/88 r st exenpl ary enj ﬁ Cmét forth in
Fig. 1. Figs. 3A-3E show a manufacturifgy process of a silicon Substrate of

the first 20Q exenpl ary enbodi ment as set_ forth in Fig. 1. Figs. 4A-4E
show a maduthgciotal ithigknssh ob dhe sfncksd substrategtis ducredsed by Honding. dsecarprsultya

enbodi nent as set forth in Fig. 1

10

15
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thinner second substrate can be used, and a through-hole for the ink outlet on the second
silicon substrate, which has a strong influence on the ejection performance, can be formed
precisely and uniformly. |

Figs. 5A-5D show sectional views illustrating the bonding process of a
laminated body comprising a processed first silicon substrate 56, a glass substrate 57 and a
second silicon substrate 58 and a piezoelectric thin film 59 (including elastic body). |

First, the first silicon 'substrat.e 56 already processed in a manner illustrated
in Figs. 3A-3E and the laminated body of the second silicon substrate 58 and the glass
substrate 57 processed in a manner illustrated in Figs. 4A-4E (Fig. 5A) are directly bonded
by the same method described above (Fig. 5B). Before ;chis process, a pressure chamber 51
and a through-hole 54 are aligned. Next, the piezoelectric thin film 59 (including an elastic
body) formed on a substrate 60 made of MgO or the like for the piezoelectric thin film 60
is bonded onto the top of the pressure chamber 51 (Fig. 5C). Finally, the MgO substrate 60
for the piezoelectric thin film is removed to complete the process (Fig. 5D). When the
substrate 60 for the piezoelectric thin film is made of MgQO, it can be removed by
immersing it in a phosphate solution and the like.

With the aforementioned method, .‘a micro-fabrication technique can be
adopted to realize a high-precision and high-efficiency processing. Moreover, bonding |
process is simple and the end product is highly reliable. When the sand-blasting is used,
fragile material such as glass can be processed rapidly with the through-hole automatically
given an even tapering shape making itself suitable for ejecting the ink. The technique -
described above has a potential of processing a variety of shapes by pattern designing and
is applicable to a wide range of designs.

The ink channel forming method of the aforementioned processing method
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Fi gs. 5A-5D show a manufacturi-ng process of the—ftui-d—efeetion—devi ce of

the first exenplary enbodiment as set forth in Fig. 1. 6 Figs. 6A-6F
show an al ternative manufacturing process of a SihsiSERiH.sBhs REpMeq Fi 0S.

7RA- 7D show an al ternative manufacturing process o t. Fig. 8
shows a s&@0683J6ElApkitcrahdod 1999/02/28v of a fluid eje m I)HH"Tn
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for the first silicon substrate 56 forms a groove with a predetermined depth in the direction
of the thickness of the substrate, however, an alternative method for forming a through-
section as the ink channel is also available. The method is described below.

Figs. 6A-6F are secﬁonal views illustrating processi-ng and assembly
methods of a first silicon substrate 61. |

The first silicon substrate 61 is coated with a first resist 62, and the
patterning is carried out in predetermined positions (Fig. 6B) so as to allow an ink channel
63, a pressure chamber 64 and an ink inlet 65 to be processed. Next, the ink channe] 63, the
pressure chamber 64 and the ink inlet 65 are formed by RIE or similar technique in a
manner that each of the three elements mentioned above forms a through-section extending
through the thickness direction of the silicon substrate él (Fig. 6C). After the first resist 62
is removed, the first silicon substrate 61 is directly bonded to a sealing glass substrate 66,
coated with a second resist 67 and patterning is carried out (Fig. 6D). Following this
process, portions corresponding to the pressure chamber 64 and the ink in_let 65 are
processed by the sand-blasting forming a first glass through-hole 68 and a second glass
through-hole 69 respectively communicating with the pressure chamber 64 and the ink
inlet 65 (Fig. 6E). If the first silicon substrate 61 has to be protected from the sand-
blasting, it can be coated with résists on both sides. Alternatively, processing' by the sand-
blasting can be stopped immediately before penetration, to form a glass through-hole by |
etching the remaining glass by ammonium fluoride and the like. Finally, the second resist
67 is removed to complete the process (Fig. 6F).

Fig. 12 shows a schematic view illustraﬁng the shape of the first silicon -
substrate already proces;sed by the aforementioned method, looked froﬁl the surface of the
substrate, The ink channel 63 which communicates with the pressure chambef 64 and ink

inlet 65, is shaped in a manner that it tapers toward the pressure chamber, as is illustrated.
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5 accordance with the second exenpl ary enbodi ment—of—the—present
i nvention. Figs. 9A-9E show a manufacturing process of a silicon substrate

of “the second exenpl ary enbodi nent as set forth inTHs eetSIaledeﬂ e lag-e A- 10F
show a manufacturing process of the fluid ejection cond
exenpl ary 20683¥6EiANliterad.dse1999012X/28 in Fig. 8. 10 ’Ewr ﬁﬁ, :

shows a sectional perspective view of afluid ejection he pr| or
art. Fig. 12 shows a plan view of the processed silicon substrate in

accor danc étheimpashef fliis designds ip st acgood ¢evtion by increasing resistance gajetitheon.
Fig. 13A-13E show a manufacturing process chart illustrating processing
4 back flow of fluid as described already.

<,

With the aforementioned method, the processing of the first silicon substrate
61 is efficient since .it does not reqilire additional processing, as set forth in Figs. 3A-3E.In
5 addition, the ink channel 63 can be shaped evenly as it is determined by the thickness of |
the first silicon substrate 61. Moreover, the cavity in the pressure chaxﬁber can be expanded
'by the thickness of the sealing glass substrate 66 whefeby more fluid can be injected into
the pressure chamber, contributing to easily realize an optimum ejection coﬁdiﬁon. Ifa
silicon substrate itself is thick, the formation of a through-hole becomes difficult. This
10  method is very effective in this regard as well.

One end of the ink channel 63 is sealed in the process desctibed in Fig. 6,
therefore, bonding to other elements is also possible, as was the case with the other
examples shown in Fig. 5. In Fig. 6, the glass substrate was processed after Beiﬁg bonded
directly to the silicon substrate. However, this method is also applicable to the other

15  processes. |

Alternative method for forming an ink channel is given below as an
example, referring to Fig. 13. The glass substrate 57 already given the through-hole 54 by
the sand-blastirig (Fig. 13A) is directly bonded to the first silicon substrate 61 (Fig. 13B).
Next, the first silicon substrate 61 is coated with the résist 62 and patterning is carried out |

20  (Fig. 13C). The resist here is patterned as shown in Fig. 12, a plan view. Then, through-
holes 64, 65 and an through-hole for ink channel 63 corresponding to the pressure chamber
and the ink inlet are processed at a time (Fig. 13D) and the resist 62 is removed to.
complete the process (Fig. 13E). |

With this method, the total thickness of the substrate becomes larger thereby

25  intensifying the strength, thus, damages occurring during the processing can be prevented.
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15, steps of the silicon and gl ass substrates. Frg—t4A314E-show a
manuf acturing process chart illustrating anot her processi ng steps of the
silicon and gl ass substrates. Fig. 15A and 15B sho%18§h®rmsgea$ﬁmcgpal Vi ew

and a plan view, respectively, of a silicon substra jjn _
accor dance 268W6EhA_ktemabde: E9981ipI28r y exanpl e of the i nventi on.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS§gFi r st exenpl ar i'frent Fig. 1

i's a perspective cross sectional viewillustrating an exanple of a fluid
. In addition, the direct bonding which is easily influenced by dust and dirt is conducted at

first, therefore, concerns over the influence of such elements can be eliminated in
subsequent processes. Since the substrates are bonded directly, erosion into the boundary
surfaces during etching is not such a serious source of concemn, unlike bonding using resin
5 or other similar material. F_urthexmofe, because the processing on the first silicon substrate
is conducted after the bonding of the glass substrate and the first silicon substrate, aligniﬁg
of through-holes are easy. Increased effective thickness of the substrate b& lamination
reduces the incident of cracking. In addition, etchihg on the first silicon substrate is
stopped at the bonding plane with the glass substrate, shape of grooves can be uniformly
10 controlled, whereby highly uniformed channels are formed.
| The following processing methods are épplicable to the other methods of
this embodiment described earlier (Fig. 3A-Fig. 5D). The first silicon substrate 31 is coated
with the resist 32a and 32b, and patterning is carried out (Fig. 14A). The silicon substrate
31 is processed by RIE up to the certain depth in the direction of the thickness to form the
15  iok channel 33 (Fig. 14B). Next, the first silicon substrate 31 is bonded directly to the glass
substrate 57 on which the through-hole 54 is already formed by the sand-blasting (Fig.
14C). The first silicon substrate 31 is coated with a resist 32¢ and patterning is carried out
(Fig. 14D). Then, through-holes 34, 35 corresponding to the pressure chamber and the ink
inlet are processed on the first silicon substrate 31 by RIE (Fig. 14E). This method can |
20  facilitate positioning and controlling of the size of the through-hole 34 to be processed on
the first silicon substrate 31 precisely since it can be conducted by refefring to the through-
hole 54 of the glass substrate 57. Etching speeds are different between the bonded surfaces -
of the first silicon substrate 31 and the glass substrate 57 as the characteristics of these
materials are different. As a result, processing of the through-hole 54 is precisely stopped

25  thereby forming the through-holes uniformly.




7 ejection device conprising silicon, glass and piezoetectriec—thtn—H | ns.
As shown in Fig. 1, a fluid ejection device in accordance with the first
exenpl ary enbodi nent conprises: a piezoelectric tthhISShebtﬁia&ﬂeen&eppceassure
chanmber 12, an ink channel 13, an ink outlet 14, a t , an ink
inlet 16, &0683J6E1Aijlittrabdocsig9otiege 5 17, a gI ass a second
silicon substrate 19, an elastic body 2Q7and i ndi vi ua e ec ro 21 (21a
and 21b shown in Fig. 1). Mre sgeci fically, the fluid ejection device of
t hi*s enbodi ment conpAhesema methpd zar dbebapplied dopibe shomgirfy psicessi bf tenglass
substrate 17, the

substrate 71 and the second silicon substrate 72 as shown in Fig. 7A-7D. In this case as

-

well, a through-hole can be formed after bonding them directly.
In addition, by making a second silicon substrate 72 thinner by lapping, a

5  finer and more precise processing can be expected..

Figs. 7A-7D show sectional views illustrating an example of the process for
thinning the second silicon substrate 72 by lapping.

A glass substrate 71 and a second silicon substrate 72 are diréctly bonded as
set forth in the foregoing example (Fig. 7A). After this process, the second silicon substrate

10 72 is lapped to reduce its thickness (Fig. ’7B) and subsequently, a through-hole 73 and an
ink outlet 74 are formed by the sand-blasting and RIE (Figs. 7C and 7D). If the second
silicon substrate 72 is thick, processing takes time and tends to be uneven, which makes
difﬁcult to form uniform holes. Moreover, a very small and deep through-hole is difficult
to form.

15 Therefore, the second silicon substrate 72 is preferably thin. However, in
the case of a single silicon plate, there is a limitation in terms of the handling during the
manufacturing process and the yield of the processing. The direct bonding with the glass
substrate increases rigidity, and thus the substrate can be lapped with ease. After the
lapping the silicon substrate can be sent as it is to the next process. In order to realize a |

20  fluid ejection device with a higher ejection density, diameter of the ink outlet must be as
narrow as less than tens of um, and if the silicon plate too is thinned to around 50um or
less, a more compact ink outlet, higher in density and uniform in shape can be formed. .
Since the ihrough-holes on the glass éubstrate and the second silicon substrate are
processed after the substrates are bonded, there is no need for aligning in bonding.

25  Moreover, as the substrates are bonded prior to the processing, there is no risk of damage
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gl ass substrate 18 and the. second silicon substrate 19;—the—piezoelectric
thirn film 11, the elastic body 20, and the individual electrodes 21 nounted
on the piezoelectric thin film11l. 10 This Sfiget Bds BednIRi QLY

substrate 17 is provided with such elenents as a plg i ssure
chamber s 13ps833611 £ aftémrdatsi999/12pdi vi dual t hrough-s JL&”’H&posi tion
corresponding to the individual electrodgs 21, a plurali i channel s
13, each having a depth that is about half the thickness of silicon
substrate #% thntonded surfavasi dusing qmocsssing, pr essthering ofidirh aheraly, effesting apgapdal ity
of ink inlets 16, each conprising a through-section 15 comuni cating with
one.of thepbidnghannel s 13. The cross-sectional area of the ink channel 13
expands outwardly as it goes away fromthe pressure chamber 12 (illustrated

?f] did 3} Lﬁg | L nes I N Fiftherb)is n&iptbblen WiWhe Bippingothe direét boadiBg iafid kgpitigewitis t he

be carried out after a through-hole is formed in the glass substrate. Needless to say, the

5  method can also produce a similar effect when the first silicon substrate is excessively
thick.

The through-hole processed by the sand-blasting has a shape tapering from

“the opening exposed to the spraying of the abrasive grain toward the other end. Therefore,

although it is slightly affected by the size of the abrasive grain and speed to spray, if the

10  thickness of the glass plate and the diameter of the opening exposed to the spray of the

abrasive grains (opening area of the resist) are unifomﬂy set, the diameter of the opening

on the through-side is naturally set as well. Thus, by setting the thickness of the glass plate

and the diameter of the opening on the spray side so that the diameter of the opening on the

through-hole side is slightly larger than the diameter of the ink outlet, an optimum shape is

15  uniquely processed. In order to deal with the ink outlet with the diameter tens of pm or

less, in the case of the glass substrate having a thickness of 0.8mm or less, the following

condition is applied to the thickness of glass substrate: approx. 1.2 to 1.9 x(rg-rs), where

"rg" is the diameter of the spray side, and "rs" is the diameter of the through-hole side.

20 Second exemplary embodiment
Fig. 8 shows a sectional perspective view illustrating a fluid ejection device
according to the second exemplary embodiment of the present invention.
In Fig. 8, a silicon substrate 86, a first glass substrate 87 and a second glass
substrate 88 are directly bonded as described in the first exemplary embodiment, forming a

25  laminated body. The silicon substrate 86 has ink outlets 84(84a, 84b) having openings
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el ectrodes 2l1a, the pressure chanber 12, the i nk outl et T6and—so—on. A
fluid ejection device generally has a pIurallty ofp, WS ts constructed in a

simlar manner including the 20 i ndi vi dual el ectr
chanber and the ink outlet. Fig. 1 also shows one

ﬁ&ﬁure
el ect r odes>@4B316F DA 1ReBEERND9I8AD/28SI | | con subst rat @ ass
substrate 18 are bonded together such thgt pressure chanber d t he ink
channel 13 are seal ed except for through-hole 15 aligned with pressure
chamber 12 forfirdioanbeledgetof thersabstiute) agheskunt ehahiber 82 pedetrating antd commbricdting an
with the ink outlets 84, and a through-hole which partially forms an ink inlet 85, each of
them formed by RIE or similar method. The first glass substrate 87 also ha_s a through-
section. A part of the through section communicates with the pressure chamber 82 and
5  forms an ink channel 83 while another part is partially forming the ink inlet 85.

A laminated body comprising a piezoelectric thin film 81 having individual
electrodes 90(90a, 90b) mounted thereon and an elastic body 89 is bonded right on the
pressure chamber 82. Each pressure chamber 82 and the ink channel 83 are separated from
each other and are independent. The individual electrodes 90a, 90b are disposed

10 conésponding to each pressure chamber 82. The second glass substrate 88 seals one end of
the through-section of the first glass substrate 87, formihg a part of the ink channel 83.The
fluid, supplied from the ink inle_t 85, fills the pressure chamber 82 via the ink channel 83,
and is brought under pressure by the displacement of the piezoelectric thin film 81 which
occurs when applied with an electric voltage, and ejected from the ink outlets 84a and 84b.

15 Following is the description of a manufacturing method.

Figs. 9A-9E show sectional views illustrating the processing method of a
silicon substrate.

First, both faces of a silicon substrate 91 as shown in Fig. 9A are coated
with resists 92a and 92b, and patterning is carried out (Fig. 9B). Next, one side of the'

20 silicon substrate 91 is shallowly etched by RIE and an ink outlet 93 is formed (Fig. 9C).
Then, a through-section is formed from the other face to form a pressure chamber 94 and
an ink inlet 95 in a manner that the pressure chamber 94 partially communicate with the .
ink outlet 93 (Fig. 9D). Finally, the resists are removed from both sides to complete the
process (Fig. 9E).

25 Figs. 10A-10F show sectional views illustrating assembly method of the
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8 area smaller than the opening portion of the through-hole 15 on the
second silicon substrate 19. The gl ass substrate_-18 and the second silicon
substrate 19 are bonded together. The piezoelectric thin film1ll is bonded

to elastic body 20, which is bonded over pressurerngRabes pda )| ggqsit_e t he

t hr ough- hohgsgBI6E A diterabdoeciooonio2g thin film 11 ha el al 5

el ectrode 21la forned on front surface thgreof, andDWjﬂWWEH i dual

el ectrode on the back surface (not shown in the dr ! uid fl ows

i n.from t hewhotddeiviket 16, fills the ink channel 13, pressure chanber 12 and

the through-hole 15, and is held at ink outlet 14. \Wen an electric voltage
i s applied between tRAefist glass subkieaty 109 ofimtlichlethrovghwedionl is elreadyr praesssaii a,

21b, and so on of _
' by the sand-blasting with an ink channel 106 being formed therein, is directly bonded to a
silicon substrate 101(Fig. 10B) which is alr.eady' processed by the method shown in Fig.
5 9A-9E (Fig. 10A). In this bonding, the ink channel 106 is set to conduct with a pressure
chamber 105 and an ink inlet 104, and the direct bonding is carried out on the face with an
ink outlet 102. Next, a seéond glass substrate 107 and the first glass substrate 105 are
directly bonded to seal one side of the ink channel 106 (Fig. 10C).
As shown in the description of the ﬁrst exemplary emBodiment, a
10  piezoelectric thin film 108 and an elastic body 109 disposed on a MgO substrate 110 are
bonded (Fig. 10D), and the MgO substrate 110 is re;noved by soaking in a phosphate
solution (Fig. 10E). Finally, when the laminate body made of 't_he three substrates are |
divided, it is diced at right angles to the longitudinal direction of the ink outlet 102 so that
the opening of the ink outlet 102 can face outside (Fig. 10F).
i5 The shape of the ink outlet 102 is an important factor as it determines the
fluid ejection capability. When the ink outlet 102 is very fine in shape, however, it might
* be chipped and the shape is damaged during the dicing process discussed above. One of the
methods to avoid such damage is to cut the silicon substrate at the point where an ink
outlet is to be formed prior to forming the ink outlet by etching the silicon substrate. This
20  eliminates the processing after the ink outlet is formed. When the cutting causes problems
in the processing of the wafer, another method can be adopted in which the portion where
the ink outlet is to be formed is cut into up to a certain point rather than cut completely. For-
example, as shown in Fig. 15A and Fig. 15B, respectively illustrating sectional view of the
silicon substrate 101 and a plan view of the same looked from below, a recessed portion

25 130 is formed on the silicon substrate 101. An ink outlet groove 102 is formed transversely
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10 the piezoelectric thin-film11,
thin film1l and the elastic body 20 are def orned. ﬁas%leen 1ae
i s 'made of a conducive material, it conducts curren

mounted on the front side of pi ezoel ectric thin fllm‘h

mount ed on 20683J6BLK lhitaebded 199Igﬁzmgezoel ectric thin fi

occurs when the voltage is applied betwegn the el astic body 20 and

i ndi vi dual

el ectrodes 15 21. The exact position of the |am nated body to
be :def or neaf danrebessechportion 180.cWhen dividing et Wheje shibstriated itvis gutaalong aevtiisge 21

to be energized with voltage. The deformation of the |am nated body
conpri si ng plane linecld0dlyerbladendrrower fthannthd tecassdd portionl 1365 sccthatthg idOoutlet is

pressurizes the fluid in the pressure chamber 12, and the fluid is ejected

fromthe i et grick@kd bft dufting. Figsunmraﬁ@ngm hiiBeraD 1091 fopBésents girésswé chinaber,

pr essure.

10

15

20

25

and numeral 104 an ink intet. With the above-mentioned method, the ink outlets are formed
completely at the same time when the grooves are engraved on the silicon substrate,
leaving no need for processing afterwards. Thus, the shape of ink outlets are maintained
uniformly and ink ejecting capability is not damaged. |

With all the embodiments of the present invention, everything is formed by
laminating plane members, therefore, fine processing is easy and structure can become
finer. Further, the following efficient process can be adopted. At first a number of unit
structures as shown in Fig. 9 or Fig. 15 are embeddéd like a matrix on a large silicon
substrate as well as first and second glass substrates. Then the substrates are.bonded by a
method shown in Fig. 10, and cut into individual units. In this manner, a great number of
fluid ejection devices are produced at a time, making the process very efficient.

According to the exemplary embodiments discussed above, the effect of the
fine processing, direct bonding and piezoelectric thin film as shown in the first exemplary
embodiment, is obtained at a time. In addition, a fluid ejection device with a different
ejection mode in which fluid is ejected from an edge of a substrate can be produced. With
this method, an ink outlet is designed freely by patterning resist, which greatly contributes |
to the optimization of the shape. An easy, uniform and fine controlling of the ink outlet
area is possible just by adjusting width and depth of the groove. If an ink channel of the
first glass substrate is foﬁned by etching up to the midway of the substrate rather than.
penetration, the second glass substrate is not necessary, therefore, only one direct bonding
is required to complete the process. Thus, needless to say, further reduction in

manufacturing steps can be expected.

EPLAGED

gody 20

ctrode
mat i on

t he | am nat edT)ody of t he pi ezoel ectric

1 SHEET HAS BEEN.



20 I n general, a piezoelectric thi nfilmil is made of a
material with a high piezoelectric constant, such aﬁus@héegfagl]ggehk kum

titani um oxi de (al so known as PZT), for exanple PbZr err] or
anot her PZT related material. Athin film mde of su ﬂmHml [l

manuf act ur @0683J6BEA_literal.docri 99921281 ons known in the ting a

filmon a magnesi um oxi de (MyO substrapg for the piezoel ectrl c thin film
by sputtering. The O 9 substrate is then etched away Hhosphate or

in-a simlar chenica ssdﬁgqanheﬁ@p fan caccording to the present 1nvent10n a fluid ejection

device with a smaller and higher density of ink outlets can be formed by employing micro-
fabrication technique of silicon and glass substrates and employing_ a piezoeleétric thin
film. As processing and lamination are conducted from the direction perpendicular to the
5 plane of the substrate, a plurality of units are produced, thus productivity and design
freedom are high. As substrates are directly bonded to each other, adhesive materials are
not needed, whereby process management is simplified, and the factor which deteriorates

the long-term reliability in sealing capability of fluid can be eliminated.
As a result, an ink jet prir_xthead of on-demand system for an ink jet printer

10  with higher density, higher reliability and lower cost can be achieved.
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pi ezoel ectric thin film1l-remains. The shape of the ink outlet 14 affects
ej éction speed and the area of the ejected fluid, and thus is a key el enent
det'ermining the printing performance of an ink jet 5 printer. A smaller
opening area of the ink outlet 14 enables finer printing,-however, _an
excessi ve @0b83TeEMNAEliteral dbelWOAR/28f the pressure chanber as conpared to the

ink outlet may result in a large pressurg |oss acrfﬂﬂ“ﬂﬂﬁumg,mjﬂm t hus
negatively.inpacting the desirable ejection. This ed when
the gl ass sWisttristdai@eidsispr ovi ded with a through- hol & 15 Having* a
cross-sectional area that tapers fromthe pressure chanber toward the ink
10 outlet. This corsArfluid ¢jestiondeyice sompgrisingg out| et 14 on second silicon
substrate 19 plus tapered through-hole 15 on gl ass substrate 18 nakes the
shape of. the ink out laeleagt@hechamber divided independently from other chambers;

an ink channel communicating with said chamber;

5 an ink outlet communicating with sa1d chamber; and
a pressure generating section comprising a lamma‘ted body made of a

piezoelectric material of a thickness of not more than 7pm and an elastic body, said section

covering one face of said chamber.

10 2. The fluid ejection device according to claim 1, wherein said elastic body
is made of a metallic material with a thickness of the same or less than said piezoelectric

. material.

3. The fluid ejection device according to claim 1, wherein said piezoelectric
15 material is divided corresponding to each chamber, and a layer of resin is disposed at least

on the dividing sections of said piezoelectric material.

4. The fluid ejection device according to claim 1, wherein said chamber,
said ink channel and said ink outlet are formed by laminating a plane member of a silicon

£

20 plate and a glass plate,

5. The fluid ejection device according to claim 1, wherein chief ingredient .

of said piezoelectric material is PbZr,Ti, O;.

25 6. The fluid ejection device according to claim 4, wherein said silicon plate

This Sheet Has Been Replaced
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controllable than a construction having a tapered hole alone, resulting in
thé ink outlet 14 with finer and nore uniform shape. Wien pressure is
applied to pressure chanber 12, the pressure is not kept 15 wthin the
ink outlet 14 but is also transmtted to the ink channel 13, which may.
trigger a Igaeggj’sEpm/ m&raw@;fgggym/ngo solve this problem the ink charmﬂ,__13
is shaped in a manner that its opening space (illustrat ed as,detted Tines
in Fig. 1) tapers narrower toward the pressure chanber - thereb

i ner easi ng and glass platcaradiaictly bobdeikbyf direet bandihg teghmiueng | P\\“\““
sane effect can be obtained by providing a narrower sect

channel 13. 20 When the area of the narrower section |n*th‘e |nk channel
13%is about 0.5 to 1.5 tinmes as large as the area of the ink outlet 14,

good ej ection is secyr ApréducRbeiettol 0Fa FIRRI &jé@ttibn dewde comprising the steps of:
a process Al of forming a through-hole for the pressure chamber and a
5 through-hole for the ink inlet on a first substrate;
a process B of bonding the first substrate and a second substkaté;
a process C of bonding the second substrate and a third substrate; and
a process D of forming a pressure generating se.ction comprising a
laminated body including piezoelectric ﬁaaterial and an elastic material such that the

10  pressure generating section covers the through-hole for the pressure chamber.

8. The production method of a fluid ejection device according to -claim 7
further comprising the steps of:
a process A2 of forming a groove for ink channel partially commﬁnicating
15  with the through-holes for the pressure chamber and the ink inlet on the first substrate;
a process E of forming a through-hole tapering from the end in contact with
the first substrate on the second substrate; and
a process F of forming a through-hole for the ink outlet on the third
sui)strate. |
20
9. The production method of a fluid ejection device according to claim 8,

wherein said process Al is carried out after said process A2 and said process B.

10. The production method of a fluid ejection device according to claim 7

25  further comprising the steps of;
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A piezoelectric thin film1il of several [err]smin-thickness can easily be
obt ai ned using the sputtering nethod, such film being thinner than
conventional filnms. Wen the piezoelectric thlmlmmm [ gnner, its own
rigidity is reduced, thus a |arger 10 defor ,,u””mg?[maa |y

obt ai ned. P683I6REA iitgri.docEO%9f12/28f or mation i s thé shng" tshe*strain is

smaller on the thinner film and theref@se reliability for repeated | oading

can be inproved. As it has been described, the thinner piezoelectric
material contribut es at Brogess A3 of forming a through-hole for inkpchannel on the irst

substrate;

a process E of forming a through-hole tapering from the end in contact with
the first substrate on the second substrate;

5 , a process F of forming a through-hole for the ink outlet on the third

substrate;

a process G of forming a through-hole for the pressure chamber on a fourth
substrate; énd

a process H of forming a groove for ink channel by bonding the first and

10  foutth substrates.

11. The production method of a fluid ejec.:tion device according to claim 10,
wherein said process Al and said process A3 are conducted after said process E and said
process B. |

15
12. The production method of a fluid ejection device according to claim 8 or

10, wherein said process F is conducted after said process E and said process C.

13. The production method of a fluid ejection device according to claim 8 or

20 10, wherein said process E and said process F are conducted after said process C.

14. The production method of a fluid ejection device according to claim 8 or.
10, wherein said process C is conducted after said prdcess E and said process F, or after
said process E, and said method further comprising a step for thinning at least a section of

25  the third substrate by lapping, the section corresponding to the through-hole formed on the
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reduced size actuator and its surrounding area, including the area of the
ink outlet 14, 5 contributing to a higher nozzle density and in turn,

i nproved print quality. If the piezoelectric thiafiktmtt-i-s—tooe-thin, a
poor driving force may result. Manufacturing thl terial u5| ng the
thin film 2eed3n6KELre literabdoecl98Di19/28nef f i ci ent bec EEB, a | onger
sputtering time. Therefore, it is prefepgble for a

pi ezoelectric thin filmto be less than about 7[err]m to pr ovi de a secure
drivi ng fosewendsebsirattd) reasonable fil m manufacturing cost. Because the
pi ezoel ectric thin film 11 generally cannot deformby itself, it is
preferably lamnated to elastic body 20. In order for the elastic body 20
to*be elastic while maintaining conductivity, stainless steel or another

metallic material islfriegradicionmethod dhe flutl géoties devideladcbrling Wi cliity8 af .
each layer affect the position of the .

10, wherein thickness of the third substrate is not more than 50pm.

16. The production method of a fluid ejection device according to claim 8 or
10, wherein:
a diameter of the through-hole for the ink outlet formed on the third
substrate is smaller than a diameter of tapered end of the througﬁ-hole on the second
-10  substrate in said process F; and
the through-hole for the ink outlet or; the third substrate is aligned to
approximately a center of the diameter of the narrower end of the through-hole on the

second substrate in said process C.

15 17. The production method of a fluid ejection device according to claim 15,
wherein, in the case that the second substrate is 0.8mm or less in thickness, the following
condition is applied to the thickness of the second substrate:

1.2x(rg-1s) to 1.9x(rg-1s),
where “rg” is the diameter of the larger end of the tépering through-hole
20 formed on the second substrate and “rs™ is the diameter of the through-hole for the ink

outlet formed on the third substrate.
18. The production method of a fluid ejection device according to claim 7,

further comprising the steps of:

25 a process A4 of forming a groove for the ink outlet partially communicating

Ymﬁs
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neutral plane ' n. The further the neutral plane noves away

fromthe 15 E‘!mﬁ@lmmgwam the nore the stress g&hieBi@tids Bden RpBced

boundary surfa i s reasing the risk of del

Conversel y, when the neutral plane is forned inside thq:ﬂmﬁ,ﬂguwmuk

menber, dr2068336kKA iliséreldoe 1900112/28s. Therefore, in orde e

neutral point in the vicinity of the bogmsdary surface, the thickness of the

el astic body nmade of netallic material is preferably the sane or smaller

t han t he 't Withithgsbrough-holedopths pirssure chamberon thadinshsbstratesandi ezoel ectri ¢

mat eri al “needs to deformonly over each pressure chanber, therefore, the

pi ezoel egtri c mat eri apracsssrioef fomminga througheeqimntfot therisk chanaelj sicthatseqndssur e

chanbers. Rather, when the piezoelectric naterial is separated between each
“substrate. .

” 5 ' 19. The production method of a fluid ejection device according to claim 18,
“%herein the opening of the through-hole for the pressure chamber and the through-hole for
-’_ﬁ*’fhe ink inlet on the first substrate and the through-section for the ink channel on the second

5 * substrate are aligned and bonded to partially communicate with each other and form an ink

- ¢hannel.
10
20. The production method of a fluid j éctibn device according to claim 18,
* “Wherein the groove for the ink outlet is formed on an edge of the first substrate in said
“process A4. |
15- ' 21. The production method of a fluid ejection device claim 18, wherein:
a recessed section is formed on the first substrate; |
the groove for the ink outlet is formed transversely of the recessed portion;
an opening section is formed at a right angle to the longitudinal direction of
the groove for the ink outlet; and |
20 a process of cutting the first substrate along the recessed portion without

contacting the opening section.

22. The production method of a fluid ejection device according to claim 17,
farther comprising a process of cutting the first substrate at a right angle to the longitudinal

25  direction of the groove for the ink outlet formed on the first substrate.
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pressure chanber, interference between adjacent pi ezoel ectric nenbers and

stress inposed 11 on the piezoel ectgi i ring_the bonding
process and during actual deformatioﬁ‘lﬂmul i%ﬂﬂ & so that cracking in
the piezoelectric materi al zed. "y,

e ) is mnim : _Se_(;t':t‘lm&tﬂis@é& Replaced
I [ ustrati pgesBIcENXRMREMA] e 19bg/1preducti on net hod for dividi

pi ezoel ectric material. 5 2gFirst, as shown i nTﬂlm '"}H"”’ l"
material for the individual electrode 23 and a

23. The production method of a fluid ejection device according to one of
claim 8, claim 10, and claim 18, wherein the ink channel is formed with an area 0.5 to 1.5

times as large as that of the ink outlet.

24, The production method of a fluid ejection device according to one of
claim 8, claim 10, and claim 18, wherein the ink channel is formed in said processes A2,

A3 or I in a manner that its area tapers towards the ink outlet.
10 ' 25, The production method of a fluid 'ejectio'n device according to one of
claim 8, claim 10, and claim 18, wherein the first s;ubstrate is a silicon single-crystal
substrate; the second substrate, a glass substrate; and each of the third and fourth

substrates, one of glass and silicon single-cijrstal substrates.

15 26. The production method of a fluid ejection device according to one of
claim 8, claim 10, and claim 18, wherein bonding method conducted in said process B, C

and H is the direct bonding.

27. The production method of a fluid ejection device according to claim 25,
20 wherein a silicon substrate is etched by reactive ion etching, and a glass substrate is

processed by the sand-blasting.
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pi ezoel ectric thin film22-are deposited on a MgoO su-lgm

sputtering nethod. Second, the material for the indi vng,ygdet ectrode 23 and

t he piezoelectric thin film22 are sel ectively etched &@d&ﬁ into
i ndi vi dual el ectrodes 23a, 23b and 23c, and plezoelect 22a
22b and 225048336114 ilivehddot Fhgp/12788 . 10 Ic body

28 made of chromium or another metallicpgraterial is formed by the
sputtering nmethod or the |ike. The el astic body 28 not only supports the

pi ezoel ectric thin fil m ABSTRACROBRIHE DISCILOSUREes on the other side
of the piezoelectric film Then a resin material 25 such as polyimde is
coated thereon (Fi g. AZRiid ejEtivn, desics iahd produstidasiethdé tizFedf fobamibdedett printére

di viding portion or the portion where the 15 material for the individual
el ectrode 23 aRdike 6 RighiadledehkityCoftdiddzlel dniirdpro?ing eBisiBRS ¢fwhy production
process. The through-hole 15 is provided to the glass substrate 18 to which the second
. 5  silicon substrate 19 is directly bonded to form the ink outlet 14. The first silicon substrate
17 is etched to form the pressure chamber 12, the ink channel 13 and the ink inIet. 16, and
bonded directly to the glass substrate 18. Subsequently, the piezoelectric thin film 11

having the elastic body 20 is bonded to right on the pressure chamber 12.
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sel ectively, such that only pressure chanbers 26a, 26b and 26c¢c contact the
pi ézoel ectric thin filns 22a, 22b and 22c. Finally, the MO substrate for.

t he' piezoelectric thin filmis inrersed in a phosphate 'solution and renoved
(Fi,g. 2D). Finally a well known process is performed, naggl ¥neet?Rl BeORplaId

the elastic 20 body-28 around each individual electrode
away in order to electrically separate each individual eleg ;BHE
the elastic body 28. This is performed by coating the whol pt

for the portions around each indivi duEl@eﬁtrode 23 with photoresist and
I mersing the entire body in an etchihg | ution (Fig. 2E). It is noted
that, although the portions of the elastic body around each individual

el éctrode 23 are renoved,

21b 21a 11 16
17
IO\ ) AN Ny
T T ) \ 17
§ S S=S==\R}
\ AN
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12 entire remaining part of the elastic body 28 is still kept continuous.
By 'the process described above, the dividing portions are strengthened by

the resin material 25. Moreover, since the rigidity of th terjal
25 is low, it does not significantly affect the driving preléhﬁﬁs'?ﬁ%ﬁn%eenReﬁaCCd
ejects fluid froman arbitrarily selected ink outlet in ap H HM'" un

The construction di scussed above provides a fluid ej ection
substrate. Followi ng is an exanple of a manufacturing process. Figs. 3A-3E,

Fi gs. |
. FWCB.ZA\ . %%
O

FIG.2B 22 22b  23b 22c

TR

SRR

Wt _
233 ) 23c

FIG. 2C

\‘\ P
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Y Y
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4A- 4E and Figs. 5A-5D show 'sectional views illustrating—steps in the
nanufacturlng process of the fluid ejection device of the present

i nvention. 10 Fi gs. 3A-3E show an exanpl S@ku&h@aﬂ 0 eSS|ng
of .the first silicon substrate 31. Both sides of a flrs t at e
31 as shown in Fig. 3A are coated with resists 32a and

patterning is carried out by the photolithography technlque

this process, patterns are forned corresponding to the p05|t|on and shape
of each pres CE? er 34 and ink channel 33. 15 Next ,
siliconis ei%ﬁéﬁ the side coated with the resist 32b, such as by
reactive ion etching (RIE). The etchlno stops at a predeterm ned depth in

t hé thickness of the substr ﬁf Jdﬁgy’ﬂff?’i:;?ff*"orned on only one

side, form ng ink channel ffg 31

FIG. 3B
’ ~ — 323

A e SIS BN S R A A AR

I s

NN AR R RAAM SRR ANS OO,

FIG. 3C
32a

31
32b

SOCUKNICY —— \\\'\\\\\.\\\\.\\‘\\\ P O

D227

RO

FIG. 3D 34 35
a4 / 32a

L AR

SRANSSSA PAORS RS S RANAR SRS RN .

FIG. 3E

Y P2 Y
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3C). Then, etching is performed fromthe resist 32a sideformng a
t hr ough-section communicating with the ink channel 33. By this process,
pressure chanber 34 and an ink 20 inlet 35 are fornedT(llFSIQetIB@eenfé LRl y,

the resists 32a and 32b are renoved to concl ude the nan ess
of the first silicon substrate 31 (Fig. 3E). Figs. 4A-4 W,ﬁm’éle of

a manufacturing process of a glass substrate 41 and a secon
substrate 44. First, both sides of the glass substrate 4lare coated with

resists 42a_angd 42b
; Sty i
41

\\\\\\\\\\‘ P N '\.\\\\\\\\\\\\\\\\\'\\\\\\\\1\\\\\

777777

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\.\\\\\\\\\\\\\\\‘\.\'\\\

\

42b
@ FIG.4B
\m\\“m“\““mm\mm 42a
2
FIG. 4C
FIG. 4D |
48
FIG. 4E

7 '///////////’- Z
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41
44

46
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13 Then, a pattern is formed only on the resist 42a side atraptace—
correspondlng to the pressure chanber (Fig. 4A). Next, abr |ve ralns are .
sprayed by the sand-blasting method fromthe resist 42a si s Rﬁ%mﬁ
t hrough-hole 43 in glass substrate 41. (Fig. 4B). This proc

t hrough-hole 43 that tapers fromthe side being sprayed wt Hw
grains toward the other side. The resist 42b protects the other face

damage caused by the abrasive grains. Then, after the resists 42a and 42b
are renoved__the second silicon subat,{eate 44£ dth | ass substrate 41 are
directly bojrcy b%A di rect bondi ng chni qu Pat t Ing of a resist 45

coated on the second silicon substiate 44 iS/ﬁrocgs’sed so.as to formink

| -

51 52 55
FIG. 5B 7 //{
s
57
58
53 54
FIG. 5C I
59 60 / /
51 56
' 57
58
. 53 54
FIG. 5D -

59 /[

57

58
53 54
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10 outlets 46 in positions corresponding to each pressure chanber {(Fig——
4Cy’. The direct bonding technique is a method to bond substhigs s)iawashi ng
t he substrates and heating them w t hout using any inclusion ol Beplaged
or .applying a high electric voltage, as is the case with thil ’ﬁﬁ,’ ng
met hod. In the direct bonding technique, for exanple, glass

with a snooth surface are washed in 15 per oxononosul furic acid,

peroxodi sul furic or the like, and stacked after drying. Wen the substrates

are pressed, _so %) ding is gained, and the stacked body is heated at
sever al hundéﬁe ,&es Cel sius to increase bonding strength. This nethod

can lead to an extrenely st Iﬁﬁ?}f”?ﬁ’%}”’;}"’ traf[e s rethod
S oo ror examie

us€éd and opti umum washi ng a
FIG. 6B 82

one
SNV, S 7 AN I ANV

Dinnin

FIG.6C 62
% / / / Z’
/ / /
64 63 65
FIG. 6D 67
P/ : 7 66
//A / / / %\61
/ / /
64 63 65
FIG. 6E 68 69
/ / / , 61
VA /
64 63 65
FIG. 6F 68 69
. 66
/ / / Zz 61
/ /
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20 del ami nation test reveal ed that in the bonding of glass substrates,

bondi ng strength was so high that,

bondlng techni que provides high reliability free fron1degr

not. on the bonded surfaces but i nsi de the substrate |tsehﬁsmﬁheh§hé
bonded | ayers occurrng over tine or as a result of contact

in sone failure nodes,

the case with the bondi ng nethods using resin or simlar
Furt hernore, the 14 manufacturing process is very sinple, requiring only

washi ng and ?gfté?g7ﬁiocesses.

-
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FIG. 7C
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Fol | owi ng the bondi ng process, the second silicon substrate 44 is etched,
such as by RIE (Fig. 4D), and the resist 45 is renoved to conplete the
process (Fig. 4E). The nethod illustrated in Figs. 4A—4Emamgadﬁ§§£ﬁp Heeq
above allows for easy 5 alignment of both through- hole

substrates can be handl ed nore easily because the bondin J""EH}HHW MFases
the total thickness of the stacked substrates. As a resu

second substrate can be used, and a through-hole for the ink outlet on the
second silicon substrate, which h st®ong i nfluence on the ejection

per formance, can be formed precisely and unifornly. 10 Fi gs.

5A-5D show sectional views illustrating the bonding process of a |aninated
body conpr|5|ng a processed first silicon substrate 56, a glass substrate

57 d .
e e 90b 90a 81 85

AN

u BN\ [\

84b !
\ A
7. 1453332253?’ 44551 86
777777777 87
844 ‘WW V77 W
82 . 83 88
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second silicon substrate 58; and a piezoelectric thin fiTm59—(including an
el @stic body). First silicon substrate 56 processed in a janner illUstrat-ed
in Figs. 3A-3E and the | aninated body of the second silic Sb@t&gg&tﬁ 58
and the-glass substrate 57 15 processed in a manner ill &l.
4A- 4E (Fig. 5A) are bonded by the direct bonding nethod d ﬂ

(Fig. 5B). Before this process, pressure chanber 51 and through*® are
al i gned. Next, the piezoelectric thin film59 (including an elastic body)
formed on a Fgmgﬁsm made of MgO or the |like is bonded onto the top of
the pressure 1 (Fi g—u35) | O substrate 60 i s renoved

ap= VAR l“ H" J
to conplete the process 20 Z’%%ﬂffﬁi 60@%3?0?0?@%; he

substrate can be renpved by: A e
li ke. . ' o

FIG. 9B _92a
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By the af orenent i oned nethod, a mcro-fabrication t echni-que—can be adopt ed
to°realize high- preci sion and hi gh-efficiency processing. Mreover, the
boridi ng process is sinple and the end product is highly rTéiSBl&EIIIﬁsBéMﬁ@Iaced
sand-blasting is used, fragile 15 material such as gla

processed rapidly W|th the through-hole autonmatically giv QEEWHMIMI
tapering shape suitable for ejecting the ink. The techni que bove
has a potential for processing a variety of shapes by pattern designing and
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range of designs. 5 ‘ " The ink channel formation method ———
descri bed above for the first silicon substrate 56 forns a groove with a
predet ermi ned depth in the direction of the thickness OfThfsbekeﬁ—ubBetcﬂK@@ped

however, an alternative method for forming a through-sect

channel is also available. The nethod is described bel ow. ﬂmm
sectional views illustrating processing and assenbly 10

first silicon substrate 61. The first silicon substrate 61 is coated W|th a
first resist 62, and the patterning is carried out _in predeternined
positions (Fig. 6B) so aﬁl@al‘]dw aPRIORNARF3. a pressure chanber 64

and; an ink inlet 65 to be processed. Next, the ink channel 63, the

1200 1202 111 449

116

117
112 118 114 113 115
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pressure chanber 64 and the Tnk inlet 65 are forned by Rl a 5|mlau
technlque such 15 that each of the three elenents nentloned above +orns_a

t hrqugh- secti on extendi ng through the thickness of the S|IT bstrate b1~
(Fig. 6C). After the first resist 62 is renoved, the first “R%hc
substrate 61 is directly bonded to a sealing glass substra ed
with a second resist 67, and patterned (Fig. 6D). FoIIomAn

por tions corresponding to the pressure chanber 64 and the ink |nIe
processed by sand- 20 bl asting, formng a first glass through-hole 68 and
a.second gl ass through-hol e 69 respd?ﬂ(ﬁel?Z&onnunicating Wi th the pressure
chagber 64 and the ink inlet 65 (Fig. 6E). If the first silicon substrate
61 has to be protected fromthe sand-blasting, it can be coated with
resists on both sides. Alternatively, processing by sand-blasting can be

st opped '

64 r

64

64

.....
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i medi ately before penetration, and the gl ass through-hole fornmed by

et@hl ng the 16 remai ni ng gl ass by amoni um fl uoride or the like.

Fi g‘. 12 shows a schematic viewillustrating the shape of t

substrate already processed by the aforenentioned nethod, m ;mm
the surface of 5 the substrate. The ink channel 63, whi ¢
with the pressure chanber 64 and

FIG.13A

Fi rial | y, the second resist 67 is renmoved to conplete the pPLOSRSS s(}ﬂ‘a RE)-
EW ”

FIG.13B
7777
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FIG.13C
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FIG.13E 6454 63 65
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i nk-inlet 65, is shaped such that it tapers toward the pressure chamber, as
is#® llustrated. This taper increases resistance to back flow of fluid as
descri bed previously. Wth the aforenentioned nethod, .the pr C%i%ﬁlilgd of the
first silicon substrate 61 is efficient since it doetisghset vasats

addi tional processing, as set forth in Figs. 3A- 3E |11 H Iﬂ“n
because ink channel 63 is determ ned by the thickness silicon

substrate 61, it can be shaped evenly. Mreover, the cavity in the pressure

chahber can ﬁaléxpi%z{i by the thickness of the.sealing glass substrate 66
so that nore i.d be injected into the pressure chanbg further

‘optdi m zing ejection conditi cg:}&..x?m;,}.\-i;}\_x?m?\:,c\\\;m;5:??@&?} t@62t hi ck, the
formati on of a through-hol e WS R R ALL & '/ ‘ od al | ows
formation of a 15 |larger p f.é/%/’*"l%’ /:{ di PPé’JEulties
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Ead

silicon. One end of the ink channel 63 is sealed in the process described
in#ig. 6, and therefore, bonding to other elenments-is_also possible in the
same manner as the other exanples shown in Fig. 5. In Fig. 6 the-glass
substrate was processed after being bonded directly hgssthpee silicon
substrate. This nethod is also applicable to the othe BRepded
described herein. Another alternative nethod for forrﬂlﬂ nnel is
gi ven bel ow as an exanple, referring to Fig. 13. The e 57

al ready having a through-hole 54, such as forned by sand-bl asti Fi g.
134), is directly bonded to the fi istl? n substrate 61 (Fig. 13B).

Next, the first silicon substrate 61715 ted with the resist 62 and is
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17 patterned (Fig. 13C). The resij st s patterned as show
t hrough- hol es 64, 65 and a t’hrough-hole for ink channel 6
t he pressure chanber and the ink inlet are processed at t
13D) and the resist 62 is renoved to conplete the process
Wth this nmethod, the total thickness of the substrate be
thereby intensifying its strength. As a result, danages o

mmym ReY

he| sane tine (F|

(Fi 9.8 2380005

copres | ar ger,
CChrrTITgTdur 1 ng

the processing can be mnimz ot
~A.ch is easily influenced byﬁgU“?%JWIﬁl‘?ﬁE\fIE‘E ANDE

& ,\a,

ondi ng process

< PROCESS FOR THE PRODUCTION THEREOF

FIELD OF THE INVENTION

5 The present invention relates to a fluid ejection device to be used in a

printhead of an ink jet printer for ejecting fluid, such as ink, in a well-controlled manner,

and a process for the production thereof.

BACKGROUND OF THE INVENTION

10 With the development of a computerized society in recent years, demand for

office automation or OA devices has been growing rapidly. Under such circumstances,

demand for various kinds of printers has become increasingly stronger, not only with

respect to their performance as a recording means but for higher-speed printing and

improved picture quality.

15 In widely used ink jet printers, the ink jet printhead of the on-demand

system which enables a high-speed ejection of the ink at the user’s will, is critical for the

performance of the printer. The ink jet printhead, in general, comprises an ink channel, a

pressure chamber where ink is pressurized, a pressurizing means for the ink such as an

actuator, and an ink outlet through which the ink is ejected. To realize

an on-demand ink

20  jet printer system, a pressurizing means with high controllability is required. Most

conventional systems employ a bubble ejecting method, also known as a heating method,

whereby the ink is heated to produce bubbles that eventually eject the

ink,ora

piezoelectric method, in which ink is directly pressurized by a deformation of a

piezoelectric ceramic or the like.
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and..dirt, is conducted first. Thgrefore, concerns over the in RULALENNT SHEET
dust and dirt can be elimnated in subsequent processes. Since |the
substrates are bonded directly, erosion into 10 the boundary} surfl&EES 2000
durd.ng etching is not a significant concern, unlike bonding usijng resin or
other simlar material. Furthernore, because the processing gn the first
silicon substrate is conducted after the ponding of the glass _substrate and |

the first silicon SUbﬁ%ﬁtiEP g%(éri:@gél%&B%vggle%sh%ynﬁy&?%ﬂeyofﬁé ghed.

| ngreasing the effecti e substrat nation reduces

racking. In addition, because .etching on t first sil.icon substrate is 15
st gpped at CABTHERA ‘ﬂ“g" oy oﬁﬁ’lﬂﬁklﬂh@%&ﬁ S?E%%V?Iﬁog?fWﬁéetgﬂﬂﬁ ac{)f t he

grpves can be uniformy controlled, enabling formation of highl )ri uni form
channel s. Reprsists ofcp piedoelestricimember A N, apressyrn ghambar 42,165 ipk ehagselilA3, apapkods

are

outlet 114, a fluid (ink) inlet 115, a first structure member 116, a second structure member
5 117, a third structure member 118, a diaphragm 119 and individual electrodes 120.

On a first side of the piezoelectric member 111, individual electrodes 120a,
120b, and so on are formed thereon. On a second side thereof electrodes are also formed in
the same manner, 120au, 120bu, and so on. The piezoelectric member 111 is bonded to the
diaphragm 119 via the electrode on the second side.

10 The diaphragm 119 and the first structure member 116, the second structure
member 117 and the third structure member 118 are bonded by an adhesive or similar
material, thereby forming a laminated structure. The pressure chamber 112 and the ink
channel 113 comprise a cavity in first structure member 116. In general, a plurality of sets,
each set comprising a the pressure chamber 112, an ink channel 113 and individual

15  electrodes 120 are formed and disposed such that each set is separated from the other sets.
The second structure member 117 is similarly formed with a plurality of separate ink inlets
115. Third structure member 118, comprising a plurality of separate ink outlets 114, is
aligned with the second structure member so that the outlets align with the pressure
chambers 112. The ink is supplied through the ink inlet 115, filling the ink channel 113 and

20  the pressure chamber 112 with ink.

The diaphragm 119 is made of a conductive material and is in conductive
communication with the electrodes 120au, 120bu, and so on mounted on the bonded
surface of the piezoelectric member 111. Thus, if an electric voltage is applied between the

diaphragm 119 and the individual electrodes 120a, 120b, and so on, diaphragm 119
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diaphragm 119 corresponding to each set of electrodes 120a, 120b, and so on can be

deformed by selecting the set of electrodes to be energized with an electtic voltage. The

5  deformation pressurizes ink in the pressure chamber 112 underlying energized electrode

120a, for example, and the amount of ink responsive to the pressure is ejected from the ink

outlet 114. The amount of deformation depends on the electric voltage applied to the

piezoelectric member 111. Therefore, by controlling the magnitude of the electric voltage

and the location at which the electric voltage is applied, the amount and location of the ink

10  ejection can be arbitrarily changed.

The conventional thermal ink jet printhead, in general, is inferior to the

piezoelectric method in terms of the response speed. On the other hand, a drawback of

piezoelectric ink jet printheads is that the displacement of the piezoelectric member and the

diaphragm is restricted by the thickness of the piezoelectric member. If the piezoelectric

- 15  member is too thick, insufficient displacement may be provided due to the rigidity of the

piezoelectric member itself. If the area of the piezoelectric member is increased to enlarge

the displacement, the size of the ink jet printhead increases, making it difficult to achieve

higher nozzle densities (the number of nozzles within a particular area). As a result,

material cost increases. When the area of the piezoelectric member can not be increased, a

20  higher driving voltage is required for a sufficient deformation.

Piezoelectric members with thickness of about 20um have become available

now through thick film forming and the integrated firing techniques, however, a higher

nozzle density is still required for improved print quality. In order to reduce

the area of the

piezoelectric member to achieve a higher nozzle density, reduction of the piezoelectric

-~
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A cavity is typically provided within structures made of stainless steel or the
like in order to form the ink channel, so for precise and complex ink channels, an
increased number of layers may be required. Adhesive used on the bonded section is
exposed to fluid for a long time, and therefore, reliability of the adhesive bond has always

required close attention.

SUMMARY OF THE INVENTION
A fluid ejection device of the present invention includes at least one

pressure chamber divided independently from other pressure chambers, an ink channel
communicating with the pressure chamber, an ink outlet communicating with the pressure
chamber, and a pressure generating section having a laminated body made of a
piezoelectric material and an elastic body, the pressure generating section covering one
face of the chamber. The pressure chamber, the ink channel and the ink outlet are defined
by a structure comprising at least one planar silicon substrate bonded to at least one planar

glass substrate.

A process for manufacturing the fluid ejection device of the present
invention comprises the steps of: forming a through-hole for the pressure chamber and a
through-hole for the ink inlet on a first substrate; bonding the first substrate to a second
substrate; bonding the second substrate to a third substrate; and forming a pressure
generating section comprising a laminated body including piezoelectric material and an

elastic material such that the pressure generating section covering the through-hole for the

——-"

- The sanme nethod can be applied to the bondi ng process of



10 substrate 71 and the second,silicon substrate 72 as sho : LT, -
7A-YD. In this case as well, a tﬁrough- hol e can be forned af{: f’m}ﬂﬁm blﬁ?«_&_.;.
themdirectly. In addition, by making a second silicon substtate 72 thinner j
by d apping, a finer and nore precise processing can be expected. .1 &ifjs 2600
7A-7D show sectional views illustrating an exanple of the praocess for 15

thi nning the second silicon substrate 72 fpy | apping. A glass{substrate /1
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an§, RIE respectively (Figs. 7C and 7D).
) silicon subsfrates may be processed by reactive ion etching (RIE) and the glass substrates
may processed by sand-blasting. The substrates may be directly bonded to one another by
5 processing the surfaces and heating without the use of resin or other adhesives.

The configuration discussed above provides a thinner piezoelectric member,
allowing a higher nozzle density. A plurality of silicon and glass substrates may be
simultaneously finely processed by etching and sand-blasting, thereby improving
processing precision and reducing the number of production steps. The silicon and glass

10  substrates can be directly bonded, increasing the long-term reliability against inflow of

fluid. Furthermore, multiple substrates can be bonded at one time, contributing to

streamlining of the production processes.

BRIEF DESCRIPTION OF THE DRAWINGS
- 15 Fig. 1 shows a sectional perspective view of a fluid ejection device in
accordance with the first exemplary embodiment of the present invention.
Figs. 2A-2E show a manufacturing process of a piezoelectric thin film of
the first exemplary embodiment as set forth in Fig, 1.
Figs. 3A-3E show a manufacturing process of a silicon substrate of the first
20 exemplary embodiment as set forth in Fig. 1.
Figs. 4A-4E show a manufacturing process of an ink outlet of the first
exemplary embodiment as set fofth in Fig. 1.
Figs. 5A-5D show a manufacturing process of the fluid ejection device of

the first exemplary embodiment as set forth in Fig. 1.
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substrate.

Figs. 7A-7D show an alternative manufacturing process of an ink outlet.

Fig. 8 shows a sectional perspective view of a fluid ejection device in
accordance with the second exemplary embodiment of the present invention.

Figs. 9A-9E show a manufacturing process of a silicon substrate of the
second exemplary embodiment as set forth in Fig. 8.

Figs. 10A-10F show a manufacturing process of the fluid ejection device of
the second exemplary embodiment as set forth in Fig, 8.

Fig. 11 shows a sectional perspective view of a fluid ejection device of the
prior art.

Fig. 12 shows a plan view of the processed silicon substrate in accordance
with the first exemplary embodiment of the present invention.

Fig. 13A-13E show a manufacturing process chart illustrating processing
steps of the silicon and glass substrates.

Fig. 14A-14E show a manufacturing process chart illustrating another
processing steps of the silicon and glass substrates.

Fig. 15A and 15B show a cross-sectional view and a plan view, respectively,
of a silicon substrate processed in accordance with the second exemplary example of the

present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

First exemplary embodiment

Fig. 1 is a perspective cross sectional view illustrating an example of a fluid
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tle risk of damage on the bonded surfaces during processing,
gaemplary crbodBet {QmPriges: A Pisgerlectric thin film 11, a pressure chamber 12, an

ink channel 13, an ink outlet 14, a through-hole 15, an ink inlet 16, a first silicon substrate
17, a glass substrate 18, a second silicon substrate 19, an elastic body 20 and individual
electrodes 21 (21a and 21b shown in Fig. 1). More specifically, the fluid ejection device of
this embodiment comprises a laminated body comprising first silicon substrate 17, the
glass substrate 18 and the second silicon substrate 19, the piezoelectric thin film 11, the
elastic body 20, and the individual electrodes 21 mounted on the piezoelectric thin film 11.

First silicon substrate 17 is provided with such elements as a plurality of
pressure chambers 12, each formed as an individual through-section at the position
corresponding to the individual electrodes 21, a plurality of ink channels 13, each having a
depth that is about half the thickness of silicon substrate 17 and in communication with
pressure chamber 12, and a plurality of ink inlets 16, each comprising a through-section
communicating with one of the ink channels 13. The cross-sectional area of the ink
channel 13 expands outwardly as it goes away from the pressure chamber 12 (illustrated as
dotted lines in Fig. 1). Fig. 1 shows a single set comprising one of the individual
electrodes 21a, the pressure chamber 12, the ink outlet 16 and so on. A fluid ejection
device generally has a plurality of sets constructed in a similar manner including the
individual electrodes, the pressure chamber and the ink outlet. Fig. 1 also shows one of the
individual electrodes 21b from a second set.

Silicon substrate 17 and the glass substrate 18 are bonded together such that
pressure chamber 12 and the ink channel 13 are sealed except for through-hole 15 aligned

with pressure chamber 12, Centered with the through-hole 15 is ink outlet 14, having an

or
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Iappl ng are carried out after a through hole is fornmed in thejgl asi s
substrate. This nethod can al so produce a simlar effect whenithe BrickB 2008
silicon substrate is excessively thick. 15 The |t -
pr ocessed by sand-bl asting has a shape tapering fromthe openijng exposed to
t he spraying of the abrasive grains towargl the opposite end. Hretrefore—————r-
al t hough it I and the
Praner Rk oe el e o EoTHE0 3 e
-di amet er 0 to th ray .of 1 asj al
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op@ning on the opposite side is naturally set as well. Thus, by setting the
t hi ckness oPiegpgleiiiathin filmy{ bishendadte elistigraadyr20pwhichds byndad AYET FRESSHE spr ay
side so that the dianeter of the
chamber 12 opposite the through-hole 15. The piezoelectric thin film 11 has the individual
5 electrode 21a formed on front surface thereof, and another individual electrode on the back
surface (not shown in the drawing).
The fiuid flows in from the ink inlet 16, fills the ink channel 13, pressure
chamber 12 and the through-hole 15, and is held at ink outlet 14. When an electric voltage
is applied between the elastic body 20 and the individual electrodes 21a, 21b, and so on of
10  the piezoelectric thin film 11, the laminated body of the piezoelectric thin film 11 and the
elastic body 20 are deformed. Because elastic body 20 is made of a conducive material, it
conducts current from electrode 21a mounted on the front side of piezoelectric thin film 11
to the electrode mounted on the back face of the piezoelectric thin film, and deformation
occurs when the voltage is applied between the elastic body 20 and individual electrodes
15  21. The exact position of the laminated body to be deformed can be changed freely by
selecting the individual electrode 21 to be energized with voltage. The deformation of the
laminated body comprising the piezoelectric thin film 11 and the elastic body 20
pressurizes the fluid in the pressure chamber 12, and the fluid is ejected from the ink outlet
14 in a volume responsive to the strength of the pressure.
20 In general, a piezoelectric thin film 11 is made of a material with a high
piezoelectric constant, such as a lead zirconium titanium oxide (also known as PZT), for
example PbZr,Ti) O3 or another PZT related material. A thin film made of such material is

manufactured, under certain conditions known in the art, by depositing a film on a

magnesium oxide (MgO) substrate for the piezoelectric thin film by sputtering. The MgO
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piezoelectric thin film 11 remains.

The shape of the ink outlet 14 affects ejection speed and the area of the
ejected fluid, and thus is a key element determining the printing performance of an ink jet
printer. A smaller opening area of the ink outlet 14 enables finer printing, however, an
excessive difference in the area of the pressure chamber as compared to the ink outlet may
result in a large pressure loss across the ink outlet, thus negatively impacting the desirable
ejection. This loss can be reduced when the glass substrate 18 is provided with a through-
hole 15 having a cross-sectional area that tapers from the pressure chamber toward the ink
outlet. This construction comprising ink outlet 14 on second silicon substrate 19 plus
tapered through-hole 15 on glass substrate 18 makes the shape of the ink outlet more
controllable than a construction having a tapered hole alone, resulting in the ink outlet 14
with finer and more uniform shape.

When pressure is applied to pressure chamber 12, the pressure is not kept
within the ink outlet 14 but is also transmitted to the ink channel 13, which may trigger a
back flow of the fluid. To solve this problem, the ink channel 13 is shaped in a manner that
its opening space (illustrated as dotted lines in Fig. 1) tapers narrower toward the pressure
chamber 12, thereby increasing resistance against back flow, and improving ink ejection.
The same effect can be obtained by providing a narrower section in the ink channel 13.
When the area of the narrower section in the ink channel 13 is about 0.5 to 1.5 times as
large as the area of the ink outlet 14, good ejection is secured by preventing the back flow.

A piezoelectric thin film 11 of several pm in thickness can easily be
obtained using the sputtering method, such film being thinner than conventional films.

When the piezoelectric thin film 11 is thinner, its own rigidity is reduced, thus a larger



REPLACEMENT SHEE)

5 Second exenpl ary enbodi nent Fig. 8 S
sectional perspective viewillustrating a fluid ejection devicé¢ accordi n@
to the second exenpl ary enbodi nent of the present invention. {l z%0
silicon substrate 86, a first glass substrate 87 and a secon | ass

substrate 88 are directly bonded as described in the first exenplary
enbodi mrent, formng a 10 |am nated body.jgThe silicon substr —~FRk

o prescure ChuEpariRs AKLRd B %&Hegﬁ‘?h%%%% Adcls ERfRafin b t&%ksaﬁutflé?%e
. I I
For mad by ROESE S aF UeabRBil fimand hefors idtioe fokre Bpadetn fes o

t hitough- section. A part of the througth‘ section comuni cates with the
pressure chéWB@”c@ZAksdhbas been described, the thinner piezoelectric material contributes to a

reduced size actuator and its surrounding area, including the area of the ink outlet 14,
5 contributing to a higher nozzle density and in turn, improved print quality.
If the piezoelectric thin film 11 is too thin, a poor driving force may result.

Manufacturing thicker material using the thin film technique is generally inefficient
becuase it requires a longer sputtering time. Therefore, it is preferable for the thickness of a
piezoelectric thin film to be less than about 7um to provide a secure driving force and a

10  reasonable film manufacturing cost. Because the piezoelectric thin film 11 generally cannot
deform by itself, it is preferably laminated to elastic body 20. In order for the elastic body
20 to be elastic while maintaining conductivity, stainless steel or another metallic material
is preferably used. The thickness and the rigidity of each layer affect the position of the
neutral plane during deformation. The further the neutral plane moves away from the

15  boundary surface, the more the stress generated at the boundary surface increases,
increasing the risk of delamination. Conversely, when the neutral plane is formed inside
the piezoelectric member, driving efficiency declines. Therefore, in order to secure the
neutral point in the vicinity of the boundary surface, the thickness of the elastic body made
of metallic material is preferably the same or smaller than the thickness of the piezoelectric

20  member.

The piezoelectric material needs to deform only over each pressure

chamber, therefore, the piezoelectric material is not needed in the partitions of adjacent
pressure chambers. Rather, when the piezoelectric material is separated between each

pressure chamber, interference between adjacent piezoelectric members and stress imposed
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method for dividing the piezoelectric material.

5 First, as shown in Fig. 2A, a material for the individual electrode 23 and a
piezoelectric thin film 22 are deposited on a MgO substrate 24 by the sputtering method.
Second, the material for the individual electrode 23 and the piezoelectric thin film 22 are
selectively etched away and divided into individual electrodes 23a, 23b and 23c, and
piezoelectric thin films 22a, 22b and 22c¢ respectively (Fig. 2B).

10 Third, an elastic body 28 made of chromium or another metallic material is
formed by the sputtering method or the like. The elastic body 28 not only supports the
piezoelectric thin film but also serves as the electrodes on the other side of the
piezoelectric film. Then a resin material 25 such as polyimide is coated thereon (Fig. 2C).
Then, a silicon substrate 27 is bonded to the dividing portion or the portion where the

15  material for the individual electrode 23 and the piezoelectric thin film 22 are etched away
selectively, such that only pressure chambers 26a, 26b and 26¢ contact the piezoelectric
thin films 22a, 22b and 22c. Finally, the MgO substrate for the piezoelectric thin film is
immersed in a phosphate solution and removed (Fig. 2D).

Finally a well known process is performed, namely, portions of the elastic

20  body 28 around each individual electrode 23 are etched away in order to electrically
separate each individual electrode 23 from the elastic body 28. This is performed by
coating the whole surface except for the portions around each individual electrode 23 with
photoresist and immersing the entire body in an etching solution (Fig. 2E). It is noted that,

although the portions of the elastic body around each individual electrode 23 are removed,
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By the process described above, the dividing portions are strengthened by
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the resin material 25. Moreover, since the rigidity of the resin material 25 is low, it does not
significantly affect the driving process.

5 The construction discussed above provides a fluid ejection device that ejects
fluid from an arbitrarily selected ink outlet in a plane of a substrate.

Following is an example of a manufacturing process. Figs. 3A-3E, Figs.
4A-4E and Figs. 5A-5D show sectional views illustrating steps in the manufacturing
process of the fluid ejection device of the present invention.

10 Figs. 3A-3E show an example of the processing of the first silicon substrate
31. Both sides of a first silicon substrate 31 as shown in Fig. 3A are coated with resists 32a
and 32b, and the patterning is carried out by the photolithography technique (Fig. 3B). In
this process, patterns are formed corresponding to the position and shape of each pressure
chamber 34 and ink channel 33.

15 Next, silicon is etched from the side coated with the resist 32b, such as by
reactive ion etching (RIE). The etching stops at a predetermined depth in the thickness of
the substrate so that an opening is formed on only one side, forming ink channel 33 (Fig.
3C). Then, etching is performed from the resist 32a side forming a through-section
communicating with the ink channel 33. By this process, a pressure chamber 34 and an ink

20  inlet 35 are formed (Fig. 3D). Finally, the resists 32a and 32b are removed to conclude the
manufacturing process of the first silicon substrate 31 (Fig. 3E).

Figs. 4A-4E show an example of a ﬁlanufacmﬂng process of a glass
substrate 41 and a second silicon substrate 44.

First, both sides of the glass substrate 41are coated with resists 42a and 42b
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from the resist 42a side, forming a through-hole 43 in glass substrate 41. (Fig. 4B). This

process forms a through-hole 43 that tapers from the side being sprayed with the abrasive
grains toward the other side. The resist 42b protects the other face from damage caused by
the abrasive grains.

Then, after the resists 42a and 42b are removed, the second silicon substrate
44 and the glass substrate 41 are directly bonded by a direct bonding technique. Patterning
of a resist 45 coated on the second silicon substrate 44 is processed so as to form ink
outlets 46 in positions corresponding to each pressure chamber (Fig. 4C).

The direct bonding technique is a method to bond substrates by washing the
substrates and heating them without using any inclusions such as resin or applying a high
electric voltage, as is the case with the anodic bonding method. In the direct bonding
technique, for example, glass and silicon with a smooth surface are washed in
peroxomonosulfuric acid, peroxodisulfuric or the like, and stacked after drying.

When the substrates are pressed, some bondfng is gained, and the stacked
body is heated at several hundred degrees Celsius to increase bonding strength. This
method can lead to an extremely strong bond when optimum substrate materials are used
and optiumum washing and heating conditions are provided. For example, one
delamination test revealed that in the bonding of glass substrates, bonding strength was so
high that, in some failure modes, damage was caused not on the bonded surfaces but inside
the substrate itself, The direct bonding technique provides high reliability free from
degradation in the bonded layers occurring over time or as a result of contact with fluid as

is the case with the bonding methods using resin or similar material. Furthermore, the
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(Fig. 4D), and the resist 45 is removed to complete the process (Fig. 4E).

The method illustrated in Figs. 4A-4E and described above allows for easy
alignment of both through-holes. Moreover, the substrates can be handled more easily
because the bonding process increases the total thickness of the stacked substrates. As a
result, a thinner second substrate can be used, and a through-hole for the ink outlet on the
second silicon substrate, which has a strong influence on the ejection performance, can be
formed precisely and uniformly.

Figs. 5A-5D show sectional views illustrating the bonding process of a
laminated body comprising a processed first silicon substrate 56, a glass substrate 57 and a
second silicon substrate 58, and a piezoelectric thin film 59 (including an elastic body).

First silicon substrate 56 processed in a manner illustrated in Figs. 3A-3E
and the laminated body of the second silicon substrate 58 and the glass substrate 57
processed in a manner illustrated in Figs. 4A-4E (Fig. 5A) are bonded by the direct
bonding method described above (Fig. 5B). Before this process, pressure chamber 51 and
through-hole 54 are aligned. Next, the piezoelectric thin film 59 (including an elastic body)
formed on a substrate 60 made of MgO or the like is bonded onto the top of the pressure
chamber 51 (Fig. 5C). Finally, the MgO substrate 60 is removed to complete the process
(Fig. 5D). For a substrate 60 made of MgO, the substrate can be removed by immersing it
in a phosphate solution or the like.

By the aforementioned method, a micro-fabrication technique can be
adopted to realize high-precision and high-efficiency processing. Moreovet, the bonding

process is simple and the end product is highly reliable. When sand-blasting is used, fragile
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potential for processing a variety of shapes by pattern designing and is applicable to a wide
range of designs.

5 The ink channel formation method described above for the first silicon
substrate 56 forms a groove with a predetermined depth in the direction of the thickness of
the substrate, however, an alternative method for forming a through-section as the ink
channel is also available. The method is described below.

Figs. 6A-6F are sectional views illustrating processing and assembly

10 methods of a first silicon substrate 61.

The first silicon substrate 61 is coated with a first resist 62, and the
patterning is carried out in predetermined positions (Fig. 6B) so as to allow an ink channel
63, a pressure chamber 64 and an ink inlet 65 to be processed. Next, the ink channel 63, the
pressure chamber 64 and the ink inlet 65 are formed by RIE or a similar technique such

15  that each of the three elements mentioned above forms a through-section extending
through the thickness of the silicon substrate 61 (Fig. 6C). After the first resist 62 is
removed, the first silicon substrate 61 is directly bonded to a sealing glass substrate 66,
coated with a second resist 67, and patterned (Fig. 6D). Following this process, portions
corresponding to the pressure chamber 64 and the ink inlet 65 are processed by sand-

20  blasting, forming a first glass through-hole 68 and a second glass through-hole 69
respectively communicating with the pressure chamber 64 and the ink inlet 65 (Fig. 6E). If
the first silicon substrate 61 has to be protected from the sand-blasting, it can be coated
with resists on both sides. Alternatively, processing by sand-blasting can be stopped

immediately before penetration, and the glass through-hole formed by etching the
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substrate already processed by the aforementioned method, as viewed from the surface of

5 the substrate. The ink channel 63, which communicates with the pressure chamber 64 and
ink inlet 65, is shaped such that it tapers toward the pressure chamber, as is illustrated. This
taper increases resistance to back flow of fluid as described previously.

With the aforementioned method, the processing of the first silicon substrate
61 is efficient since it does not require additional processing, as set forth in Figs. 3A-3E. In
10  addition, because ink channel 63 is determined by the thickness of the first silicon substrate
61, it can be shaped evenly. Moreover, the cavity in the pressure chamber can be expanded
by the thickness of the sealing glass substrate 66 so that more fluid can be injected into the
pressure chamber, further optimizing ejection conditions. If a silicon substrate is too thick,
the formation of a through-hole may be difficult. Thus, this method allows formation of a
15  larger pressure chamber without the difficulties inherent in forming through-holes in thick
silicon. One end of the ink channel 63 is sealed in the process described in Fig. 6, and
therefore, bonding to other elements is also possible in the same manner as the other
examples shown in Fig. 5. In Fig. 6, the glass substrate was processed after being bonded
directly to the silicon substrate. This method is also applicable to the other processes
20  described herein.
Another alternative method for forming an ink channel is given below as an
example, referring to Fig. 13. The glass substrate 57 already having a through-hole 54,
such as formed by sand-blasting (Fig. 13A), is directly bonded to the first silicon substrate

61 (Fig. 13B). Next, the first silicon substrate 61 is coated with the resist 62 and is
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65 and a through-hole for ink channel 63 corresponding to the pressure chamber and the

ink inlet are processed at the same time (Fig. 13D) and the resist 62 is removed to complete

the process (Fig. 13E).

5 With this method, the total thickness of the substrate becomes larger,

thereby intensifying its strength. As a result, damages occurring during the processing can

be minimized. In addition, the direct bonding process, which is easily influenced by dust

and dirt, is conducted first. Therefore, concerns over the influence of dust and dirt can be

eliminated in subsequent processes. Since the substrates are bonded directly, erosion into
10  the boundary surfaces during etching is not a significant concern, unlike bonding using

resin or other similar material. Furthermore, because the processing on the first silicon

substrate is conducted after the bonding of the glass substrate and the first silicon substrate,
the through-holes may be easily aligned. Increasing the effective thickness of the substrate

by lamination reduces cracking. In addition, because etching on the first silicon substrate is

15  stopped at the bonding plane with the glass substrate, the shape of the grooves can be
uniformly controlled, enabling formation of highly uniform channels.

Referring now to Figs. 14A-14E, the following processing methods are
applicable to the other methods of this embodiment described earlier (Fig. 3A-Fig. 5D).
The first silicon substrate 31 is coated with the resist 32a and 32b, and patterned (Fig.

20  14A). The silicon substrate 31 is processed, such as by RIE, up to the certain depth in the
direction of the thickness to form the ink channel 33 (Fig. 14B). Next, the first silicon
substrate 31 is bonded directly to the glass substrate 57 on which the through-hole 54 has
already been formed, such as by sand-blasting (Fig. 14C). The first silicon substrate 31 is

coated with a resist 32c and is patterned (Fig. 14D). Then, through-holes 34 and 35
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condncted by referring to the through-hole 54 of the glass substrate 57. Etching speeds are
5  different between the bonded surfaces of the first silicon substrate 31 and the glass
substrate 57 because the characteristics of these materials are different. As a result, the
processing of the through-holes 34 and 35 precisely stopped, thereby forming the through-
holes uniformly.
The same method can be applied to the bonding process of the glass
10  substrate 71 and the second silicon substrate 72 as shown in Fig. 7A-7D. In this case as
well, a through-hole can be formed after bonding them directly.
In addition, by making a second silicon substrate 72 thinner by lapping, a
finer and more precise processing can be expected..
Figs. 7A-7D show sectional views illustrating an example of the process for
15 thinning the second silicon substrate 72 by lapping.
A glass substrate 71 and a second silicon substrate 72 are directly bonded as
set forth in the foregoing example (Fig. 7A). After this process, the second silicon substrate
72 is lapped to reduce its thickness (Fig. 7B) and subsequently, a through-hole 73 and an
ink outlet 74 are formed, such as by sand-blasting and RIE respectively (Figs. 7C and 7D).
20  If the second silicon substrate 72 is thick, processing takes time and tends to be uneven,
which makes difficult to form uniform holes. Moreover, a very small and deep through-
hole is difficult to form.
Therefore, the second silicon substrate 72 is preferably thin. However, in

the case of a single silicon plate, there is a limitation in terms of the handling during the
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ejection device with a higher ejection density, it is desirable to provide the diameter of the
5  ink outlet as narrow as less than tens of pm. If the silicon plate is also thinned to around
50um or less, more compact ink outlets, with a high ink outlet density and uniform shape
can be formed. Since the through-holes on the glass substrate and the second silicon
substrate are processed after the substrates are bonded, there is no need for alignment prior
to the bonding step. Moreover, as the substrates are bonded prior to the processing, there is

10  little risk of damage on the bonded surfaces during processing, or of dirt negatively
effecting a good bond.

If there is no problem with the lapping step, the direct bonding and lapping
are carried out after a through-hole is formed in the glass substrate. This method can also
produce a similar effect when the first silicon substrate is excessively thick.

15 The through-hole processed by sand-blasting has a shape tapering from the
opening exposed to the spraying of the abrasive grains toward the opposite end. Therefore,
although it is slightly affected by the size of the abrasive grains and the intensity of the
spray, if the thickness of the glass plate and the diameter of the opening exposed to the
spray of the abrasive grains (opening area of the resist) are uniformly set, the diameter of

20 the opening on the opposite side is naturally set as well. Thus, by setting the thickness of
the glass plate and the diameter of the opening on the spray side so that the diameter of the
opening on the opposite side is slightly larger than the diameter of the ink outlet, an
optimum shape is uniquely processed. To provide an ink outlet having a diameter of tens of

um or less, the glass substrate is preferably provided with a thickness of less than or equal
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to about 0.8mm, in a range of thickness of about 1.2 to about 1.9 times the quantity (rg-rs),

where rg is the diameter of the tapered through-hole on the spray side, and rs is the

diameter of the tapered through-hole on the opposite side.

5 Second exemplary embodiment

Fig. 8 shows a sectional perspective view illustrating a fluid ejection device
according to the second exemplary embodiment of the present invention.

In Fig. 8, a silicon substrate 86, a first glass substrate 87 and a second glass
substrate 88 are directly bonded as described in the first exemplary embodiment, forming a

10  laminated body. The silicon substrate 86 has ink outlets 84 (84a, 84b) having openings
formed on the edge of the substrate, a pressure chamber 82 penetrating and communicating
with the ink outlets 84, and a through-hole which partially forms an ink inlet 85, each of
them formed by RIE or similar method. The first glass substrate 87 also has a through-
section. A part of the through-section communicates with the pressure chamber 82 and

15  forms an ink channel 83 while another part partially forms the ink inlet 85.

A laminated body comprising a piezoelectric thin film 81, having individual
electrodes 90(90a, 90b) mounted thereon and an elastic body 89, is bonded right on the
pressure chamber 82. Each pressure chamber 82 and the ink channel 83 are separated from
each other and are independent. The individual electrodes 90a, 90b are disposed to

20  correspond to each pressure chamber 82. The second glass substrate 88 seals one end of the
through-section of the first glass substrate 87, forming a part of the ink channel 83. The
fluid, supplied from the ink inlet 85, fills the pressure chamber 82 via the ink channel 83, is
pressurized by the displacement of the piezoelectric thin film 81 when energized by an

electric voltage, and is ejected from the ink outlets 84a and 84b.
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silicon substrate.
First, both faces of a silicon substrate 91 as shown in Fig. 9A are coated
5  with resists 92a and 92b, and patterning is carried out (Fig. 9B). Next, one side of the
silicon substrate 91 is shallowly etched, such as by RIE, and an ink outlet 93 is formed
(Fig. 9C). Then, a through-section is formed from the other face to form a pressure
chamber 94 and an ink inlet 95 such that the pressure chamber 94 partially communicates
with the ink outlet 93 (Fig. 9D). Finally, the resists are removed from both sides to

10  complete the process (Fig. 9E).

Figs. 10A-10F show sectional views illustrating assembly method of the
whole device.

A first glass substrate 105 of which a through-section is already processed
by the sand-blasting with an ink channel 106 being formed therein, is directly bonded to a

15  silicon substrate 101 (Fig. 10B) which is already processed by the method shown in Fig.
9A-9E (Fig. 10A). In this bonding step, the ink channel 106 is set to communicate with a
pressure chamber 103 and an ink inlet 104, and the direct bonding is carried out on the face
having the ink outlet 102. Next, a second glass substrate 107 and the first glass substrate
105 are directly bonded to seal one side of the ink channel 106 (Fig. 10C).

20 As shown in the description of the first exemplary embodiment, a
piezoelectric thin film 108 and an elastic body 109 disposed on a MgO substrate 110 are
bonded (Fig. 10D), and the MgO substrate 110 is removed by soaking in a phosphate
solution (Fig. 10E). Finally, when a laminate body made of the three substrates is divided,

it is diced at right angles to the longitudinal direction of the ink outlet 102 so that the
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. fluid ejection capability. When the ink outlet 102 is very fine in shape, however, it might
be chipped and the shape damaged during the dicing process discussed above. One method
5 to avoid such damage is to cut the silicon substrate prior to forming the ink outlet by
etching the silicon substrate at the point where an ink outlet is to be formed. This
eliminates processing after the ink outlet is formed. When cutting causes problems in the
processing of the wafer, another method can be adopted in which the portion where the ink
outlet is to be formed is cut to a certain depth rather than cut completely. For example, as

10  shown in Fig. 15A and Fig. 15B, respectively illustrating a sectional view of the silicon
substrate 101 and a plan view of the same as viewed from below, a recessed portion 130 is
formed on the silicon substrate 101. An ink outlet groove 102 is formed transversely of the
recessed portion 130. When dividing the whole substrate, it is cut along a cutting-plane line
140 by a blade narrower than the recessed portion 130, so that the ink outlet is not

15  processed on cutting, In Figs. 15A and 15B, numeral 103 represents the pressute chamber,
and numeral 104 an ink inlet. In the above-mentioned method, the ink outlets are formed
completely at the same time as the grooves are engraved on the silicon substrate, leaving
no need for processing afterwards. Thus, the shape of ink outlets are maintained uniformly
and ink ejecting capability is not damaged.

20 With all the embodiments of the present invention, everything is formed by
laminating plane members. Therefore, fine processing is easy and the structure can become
finer. Purther, the following efficient process can be adopted. At first a number of unit
structures as shown in Fig. 9 or Fig. 15 are embedded like a matrix on a large silicon

substrate as well as on first and second glass substrates. Then the substrates are bonded by
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fluid ejection devices are produced at a time, making the process very efficient.
According to the exemplary embodiments discussed above, the effect of the
fine processing, direct bonding and piezoelectric thin film as shown in the first exemplary
5 embodiment, is obtained at the same time. In addition, a fluid ejection device with a
different ejection mode in which fluid is ejected from an edge of a substrate can be
produced. With this method, an ink outlet can be designed freely by patterning resist,
which greatly contributes to the optimization of the shape. Easy, uniform and fine control
of the ink outlet area is possible just by adjusting the width and depth of the groove. If an
10  ink channel on the first glass substrate is formed by etching up to the midway of the
substrate rather than penetrating completely, the second glass substrate is not necessary.
Therefore, only one direct bonding step may be required to complete the process, further
reducing the number of manufacturing steps.
As described so far, according to the present invention, a fluid ejection
15  device with smaller ink outlets arranged in a higher density configuration can be formed by
employing the micro-fabrication technique of silicon and glass substrates and by
employing a piezoelectric thin film as described herein. As processing and lamination are
conducted from a direction perpendicular to the plane of the substrate, a plurality of units
may be produced, providing increased productivity and design freedom. As the substrates
20  are directly bonded to each other, adhesive materials are not needed, simplifying process
management and maximizing long-term reliability in fluid sealing capability.
As aresult, an on-demand ink jet printhead for an ink jet printer with having

higher nozzle density, higher reliability and lower cost can be achieved.
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2 at least one pressure chamber divided independently from other pressure

3 chambers;

4 an ink channel communicating with said pressure chamber;
5 an ink outlet communicating with said pressure chamber; and
i 6 a pressure generating section comprising a laminated body made of a

7  piezoelectric material and an elastic body, said section covering one face of said pressure

8 chamber.

9 wherein said pressure chamber, said ink channel and said ink outlet are

10  defined by a structure comprising at least one planar silicon substrate laminated to at least

11 one planar glass substrate.

1 2. The fluid ejection device according to claim 1, wherein said piezoelectric

2 material has a thickness of not more than about 7um and said elastic body is has a

3 thickness of the same or less than said piezoelectric material.

i 3. The fluid ejection device according to claim 1, wherein said piezoelectric

2  material is divided into a plurality of regions having dividing sections therebetween, each

3 region corresponding to one chamber, and having a layer of resin disposed at least on the

4  dividing sections.

1 4., The fluid ejection device according to claim 2, wherein said elastic body

2 comprises a metallic material.
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E 1 5. The fluid ejection device according to claim 1, wherein said piezoelectric

2  material comprises PbZryTi;.<Os.

1 6. The fluid ejection device according to claim 4, wherein said silicon

2  substrate and said glass substrate are directly bonded to one another.

1 7. The fluid ejection device according to claim 1 wherein the ink channel
2 has a cross-sectional area that is about 0.5 to about 1.5 times as large as a cross-sectional

3 area of the ink outlet.

1 8. The fluid ejection device according to claim 1 wherein the ink channel

2 has a cross-sectional area that tapers towards the ink outlet.

1 9. The fluid ejection device according to claim 1 wherein said ink outlet is

2 tapered from a wide end in communication with the pressure chamber to a narrow end.

1 10. The fluid ejection device according to claim 1 wherein the laminated

2  structure comprises:

3 a first substrate having a through-hole for the pressure chamber and a
4  through-hole for an ink inlet;
5 a second substrate bonded to said first substrate; and

6 a third substrate bonded to said second substrate,

1 11. The fluid ejection device according to claim 10, wherein the third
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12. The fluid ejection device according to claim 10 wherein the first
substrate comprises a silicon single-crystal substrate, the second substrate comprises a
glass substrate; and the third substrate comprises one of a glass substrate or a silicon

single-crystal substrate.

13. The fluid ejection device according to claim 10 wherein:

the ink channel comprises a groove in the first substrate in partial
communication with the through-hole for the pressure chamber and the through-hole for

the ink inlet;

the ink outlet comprises a tapered through-hole in the second substrate that
tapers from a wide end in contact with the first substrate to a narrow end in contact with

the third substrate, and a through-hole in the third substrate.

14. The fluid ejection device according to claim 13 wherein the through-
hole in the third substrate for said ink outlet is aligned approximately on center with the
narrow end of the tapered through-hole in the second substrate, said through-hole in the
third substrate having a diameter smaller than a diameter of the narrow end of the tapered

through-hole in the second substrate.

15. The fluid ejection device according to claim 14 wherein the third
substrate has a thickness of not more than about S0pum and the second substrate has a

thickness of less than about 0.8mm in a range of thickness comprising about 1.2 to about



4 third substrate havi ng a dianeter smaller than a dianmeter, gf—tTHemarrow
end of the t aper rough-hole in the second substrate. [1 %Ziﬁﬁ

15. The fluid e€j ording to claim 14 wherein tihe tp1
substrate has a | “Bw m*mi mrrmre t han about 50[err]m and tthe °eccnd
IL.C

substrate has a'
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the second substrate and rs is the diameter of the narrow end of the tapering through-hole

in the second substrate.

16. The fluid ejection device according to claim 10 wherein:

the ink channel comprises a through-hole in the first substrate;

the ink outlet comprises a through-hole in the second substrate tapering
from a wide end in contact with the first substrate to a narrow end in contact with the third
substrate, and a through-hole in the third substrate;

the device further comprises a fourth substrate bonded to the first substrate
and having a through-hole therein for the pressure chamber and a groove therein for the ink

channel.

17. The fluid ejection device according to claim 16 wherein the first
substrate comprises a silicon single-crystal substrate, the second substrate comprises a
glass substrate; and each of the third substrate and the fourth substrate comprises one of a

glass substrate or a silicon single-crystal substrate,

18. The fluid ejection device according to claim 16 wherein the through-
hole in the third substrate for said ink outlet is aligned approximately on center with the
narrow end of the tapered through-hole in the second substrate, said through-hole in the
third substrate having a diameter smaller than a diameter of the natrow end of the tapered

through-hole on the second substrate.

19. The fluid ejection device according to claim 18 wherein the third

substrate has a thickness of not more than about 50um and the second substrate has a
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t aperi ng through second substrate. 1
fluid eJectlon I ,&@J to claim10 wherein: 2
i nk channel co -hole in the first substrate; |3

16, The
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thé ink outl et conprlses a through-hole in the second substrqte tapering 4

froma wde end in contact with the firspgsubstrate to a narr

supstrate; evi ce

er conprises a fourth
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5 formed on the second substrate and s is the diameter of the narrow end of the tapering

6 through-hole in the second substrate.

1 20. The fluid ejection device according to claim 10 wherein the ink outlet

2 comprises a groove in the first substrate in partial communication with the through-hole for

3 the pressure chamber, and the ink channel comprises a through-section in the second

4  substrate,

1 21. The fluid ejection device according to claim 20 wherein the ink channel

2 further comprises the through-section for the ink channel in the second substrate aligned

3 and in partial communication with the through-hole for the pressure chamber and the

4  through-hole for the ink inlet on the first substrate.

. 1 22. The fluid ejection device according to claim 20 wherein the groove for

2 the ink outlet is located on an edge of the first substrate.

1 23. A process for manufacturing a fluid ejection device comprising at least
2 one pressure chamber divided independently from other pressure chambers, an ink channel
3  communicating with said pressure chamber, an ink outlet communicating with said

4  pressure chamber; and a pressure generating section comprising a laminated body made of
5  apiezoelectric material and an elastic body, said pressure generating section covering one
6 face of said pressure chamber; said pressure chamber, said ink channel and said ink outlet

7  defined by a structure comprising at least one planar silicon substrate bonded to at least one

:z
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gl ass substrate or a silicon single-crystal substrate, 1 A
The fluid ejection device according to chgi m 16 wherein the through-—2
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11 (b) bonding the first substrate to a second substrate;
12 (c) bonding the second substrate to a third substrate; and
13 (d) covering the through-hole for the pressure chamber with the pressure

14 generating section.

1 24. The process according to claim 23 further comprising the steps of:

2 (a2) forming the ink channel in the first substrate, the ink channel

3 comprising a groove in partial communication with the through-hole for the pressure

4  chamber and the through-hole for the ink inlet;

5 (e) forming a through-hole in the second substrate, said through-hole

6 tapering from a wide end in contact with the first substrate to a narrow end in contact with

° 7  the third substrate; and

8 (f) forming a through-hole in the third substrate for the ink outlet.
1 25. The process according to claim 24, wherein step (al) is conducted after

2 step (a2) and step (b).

1 26. The process according to claim 23 further comprising the steps of;
2 (a3) forming a through-hole for the ink channel in the first substrate;
3 (e) forming a through-hole in the second substrate, the through-hole

4  tapering from a wide end in contact with the first substrate to a narrow end in contact with

5  the third substrate;
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second substr at eJm (G ! Ni CkNness of | ess than about |0j8mmin a

range of thickne ﬂmﬂ’", y &Mi‘_ut 1.2 to about 4 1.9 times (rgt8$ES 2500
§ *

where rg is the di*amétet de end of the tapering through-hole 5
formed on the second substrate and rs i's the dianeter of the parrow end of

the tapering 6 t hrough-hole in the secgmd substrate. 1 20. _

The fluigl ejection dey] femfaathRuBEhbR iff 3! Hird hbRAE Kir'thd AR olfl; Out | et

7 (g) forming a through-hole in a fourth substrate for the pressure chamber;
) 8 and
9 (h) forming a groove for the ink channel by bonding the first and fourth

10  substrates.

1 27. The process according to claim 26, wherein step (al) and step (a3) ate

2 conducted after step (¢) and step (b).

1 28. The process according to claim 24, wherein step (f) is conducted after

2 step (e) and step (c).

1 29. The process according to claim 26, wherein step (f) is conducted after

2 step (e) and step (c).

1 30. The process according to claim 24 , wherein step (€) and step (f) are

2 conducted after step (c).

1 31. The process according to claim 26, wherein step (e) and step (f) are

2 conducted after step (c).

1 32. The process according to claim 24 , wherein step (c) is conducted after
2  step (e) and optionally after step (f), said method further comprising thinning at least a
3 section of the third substrate by lapping, the thinned section aligned with the through-hole

4  on the second substrate.

1 33. The process according to claim 26, wherein step (c) is conducted after
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conprises the through-section for the ink channel in the second
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i on device conprising at |east
on the second substrate.

34. The process according to claim 24, comprising:
in step (f) forming the through-hole for the ink outlet on the third substrate
with a diameter smaller than a diameter of the narrow end of the tapered through-hole on

the second substrate; and

in step (c) aligning the through-hole for the ink outlet on the third substrate
with approximately a center of the diameter of the narrow end of the through-hole on the

second substrate,

35. The process according to claim 26, comptising:

in step (f) forming the through-hole for the ink outlet in the third substrate,
the through-hole having a diameter smaller than a diameter of the narrow end of the
tapered through-hole in the second substrate; and

in step (c) aligning the through-hole for the ink outlet in the third substrate
with approximately a center of the diameter of the narrow end of the tapered through-hole

in the second substrate.

36. The process of claim 24 wherein the third substrate has a thickness of not more than
about 50um and the second substrate has a thickness of less than about 0.8mm and is in a
range of thickness comprising about 1.2 to about 1.9 times the quantity (rg-rs), where rg is

the diameter of the wide end of the tapering through-hole formed on the second substrate

MEEE on the

fng a
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2 one pressure charmber di vided i1 ependently from ot her prlesst+e

chanber s,

an ink chan ﬂmmmL ting with said pressurje jchanber, an
ink outlet conmunicati mm’mn pressure chanber; and d pi&ssiB &)
generating section conpri§ing & | am mated body nade of 5 d piezoelectric
and an el astic body, said pressure generating sectifon covering one

mat eri al

6 face of said pressure chanber; said pgessure chanber, saire—ak-chaonel _

and sai st N PHGE B dlamerdt R llflnBY, ag%}feas{:ﬁéhﬁé%%%ﬁa@ﬂxtﬁEséc%ﬂ&t one

pfanar silicon su
6

substrate.

37. The process of claim 26 wherein the third substrate has a thickness of
not more than about 50um and the second substrate has a thickness of less than about
0.8mm and has a range of thickness comprising about 1.2 to about 1.9 times the quantity
(rg-7s), where rg is the diameter of the wide end of the tapering through-hole formed on the
second substrate and 7s is the diameter of the narrow end of the tapering through-hole in

the second substrate.

38. The process according to claim 23, further comprising the steps of:
(a4) forming a groove for the ink outlet in partial communication with the
through-hole for the pressure chamber in the first substrate; and

(1) forming a through-section in the second substrate for the ink channel.

39. The process according to claim 38 comprising forming the ink channel
by bonding the first substrate to the second substrate so that the through-hole for the
pressure chamber and the through-hole for the ink inlet on the first substrate align with and

partially communicate with the through-section for the ink channel on the second substrate.

40. The process according to claim 38 comprising forming the groove for

the ink outlet on an edge of the first substrate in step (a4).

41. The process according to claim 38 comprising:

forming a recessed section on the first substrate;
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second substrate to a third substrate; and 13 (d) covering
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5 groove for the ink outlet; and
6 cutting the first substrate along the recessed portion without contacting the

7  opening section.

1 42. The process according to claim 41 further comprising cutting the first

2 substrate at a right angle to the longitudinal direction of the groove for the ink outlet.

1 43. The process according to claim 24 comprising forming the ink channel
2 with a cross-sectional area that is about 0.5 to about 1.5 times as large as a cross-sectional

3 area of the ink outlet.

1 44, The process according to claim 26 comprising forming the ink channel
2 with a cross-sectional area that is about 0.5 to about 1.5 times as large as a cross-sectional

3 area of the ink outlet.

1 45. The process according to claim 38 comprising forming the ink channel
2 with a cross-sectional area that is about 0.5 to about 1.5 times as large as a cross-sectional

3  area of the ink outlet.

1 46. The process according to claim 24 comprising forming the ink channel

2 instep (a2) having a cross-sectional area that tapers towards the ink outlet.

1 47. The process according to claim 26 comprising forming the ink channel



4 chanmber and the through-tiotefor—the ink inlet; 5 (e)
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tape_ri ng froma w de e“ 'Hmnﬂ@iﬂﬂiﬂfh the first substrate W@M‘VIEHT SHEET
end in contact with 7 *tHe third subStrate; and 8 (T)

form ng a through-hole in the third substrate for the ink outlletl. 4gpres oy
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2 step (i) having a cross-sectional area that tapers towards the ink outlet.

1 49, The process according to claim 24 wherein bonding steps (b) and (c)

2  comprise direct bonding.

1 50. The process according to claim 26 wherein bonding steps (b) and (c)

2  and (h) comprise direct bonding.

1 51. The process according to claim 38 wherein bonding steps (b) and (¢)

2  comprise direct bonding.

1 52. The process according to claim 24 wherein the steps of forming features
2 on said substrates comprise performing at least one reactive ion etching step on at least one
3 of said silicon substrates, and performing at least one sand-blasting step on at least one of

4  said glass substrates.

1 53. The process according to claim 26 wherein the steps of forming features
2 on said substrates comprise performing at least one reactive ion etching step on at least one
3 of said silicon substrates and performing at least one sand-blasting step on at least one of

4  said glass substrates.

1 54. The process according to claim 38 wherein the steps of forming features

2 on said substrates comprise performing at least one reactive ion etching step on at least one
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‘. of said silicon substrates and performing at least one sand-blasting step on at least one of

4  said glass substrates.



10 substrates. 1 27. The process accordin
whérein step (al) and step (a3) are 2 conducted after ste

N SHFET|

(b). 1 28. The process according to claim 2 erél n step
(f) is conducted after 2 step (e) and step (c). 1 Q;gw;ah
process according to claim26, wherein step (f) is conducted aft r Ve f
(e) and step (c). 1 30. 3ke process accordi ng to—etat-m24
wherein st eppEPRrAl ucted after step (ic). 1

31. The pr ojgess accor Z‘lt)%gTﬁ)ﬁ l?f mr ein step (e) and Step (1) are”

A fluid ejection device, such as for an ink jet printer or the like, and a

process for manufacture thereof for increasing nozzle density and improving efficiency of
the production process. A through-hole (15) is provided in a glass substrate (18) to which a

5  second silicon substrate (19) is directly bonded to form an ink outlet (14). The first silicon
substrate (17) is etched to form a pressure chamber (12), an ink channel (13) and an ink
inlet (16), and bonded directly to the glass substrate (18). The piezoelectric thin film (11)
having a conductive, elastic body (20) is bonded to the first substrate covering the pressure
chamber (12).

10
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2 step (e) and optionally after step (f), said method furt Rﬁﬁﬁﬂﬂﬁﬂﬂﬁ Qﬁﬂﬂﬂ*

thinning at least a 3 section of the third substrate by la
t hi nned section aligned with the through-hole 4 on the secanﬁ substrate.

1, 34. The process according to claim24, conptipiigd FEB 2000
in step (f) formng the through-hole for the ink outlet on tne_third
substrate 3 wth a dianeter smaller than a dianeter of the narrow end of
t he tapered through-hole on 4 the second substrate; and 5 ‘e .
i'm step (c) aligning the through-hole for the ink outlet on the third
substrate 6 wth approximately a center of the dianet eé20f t he narrow end

qf, the through-hole on t M///%ffw 53
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1 35. The process according to claim 26, copprisiig—a—- y
in step (f) formng the through-hole for the ink outlet in %WUAQEV{ENT SHEET
' In r

substrate, 3 t he through-hol e having a dianmeter snaller ad €
of, the narrow end of the 4 tapered through-hole in the sécond ahe;
and 5 giﬁmzﬁh

in step (c) aligning the through-hol e if
outlet in the third substrate 6 wi th approximately a centien_of
di aneter of the narrow end of the tapered through-hole 7 in the second
Stibstrate. 1Edé6 Ke process of claim 24 wherein the thir ~ate~has
a thickness ot3 re than 2 about 50[err]m and the second substrate
has a thickness of |ess than about 0.8mmand is in a 3 range of thickness

cénprising about 1.2 to abrg-rs), where rg is
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4 (rg-rs), where rg is the dianmeter of the wde end of the taperi_g_g__,,_____.T
t hr ough-hole fornmed on the 5 second substrate and rs is tvq'gsdl"' rr QUEET
the narrow end of the tapering through-hole in 6 the secolit *@_@’t ."“EE
38. The process according to claim 23, further conprising t he| steps of: 2
(a4) forming a groove for the ink outlet in partial conmunitati oyg wcBHhe
3 t hrough-hol e for the pressure chanber in the first subsfirate; and 4
(i) formng a through-section in the second substrate for the™ channel .
1. .« The process ac ding to_gl aim38 conphi si ng_formng——-
t he ink chaﬁf&GZ?A;y bondi ng t he fcb-o{st subsﬁéate QO t he second substrat e
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the second substrate. 1

38 conprising form ng the groove for 2
first substrate in step (a4). 1
claim 38 conprising: 2
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4 form ng an opening section at a right angl ete—& pas —
| ohgitudinal direction of the 5 groove for the ink outlet; RﬁHbA@L%mNﬂqudh'
cutting the first substrate along the recessed portion Wi t hdu contacting |
the 7 openi ng section. 1 42. The process accordi? ‘%$3%3
claim4l further conprising cutting the first 2 substr at e |at

angle to the longitudinal direction of the groove for the ink nﬂ*'“*.

43. The process according to claim24 conprising formng thg ink channel 2
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2 with a cross-sectional area that is about 0.5 to about 1.5 tines_as

| arge as a cross-sectional 3 area of the ink outlet. 1
The process according to claim 38 conprising formng the in
wi t.h a cross-sectional area that is about 0.5 to about 1.5
as a cross-sectional 3 area of the ink outlet. 1

process according to claim24 conprising formng the ink chan
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34,2 in step (a3) having a cross-sectional area that tapers_towards the ink

outlet. 1 48. The process according to clain
form ng the ink channel 2 step (i) having a cross-sectionalrRP ﬁgp H1?HEET
tapers towards the ink outlet. 1 49. The prqgcegss accordlng

to claim24 wherein bonding steps (b) and (c) 2 conprise dijregct18dri 8 1
50. The process according to claim 26 wherein bonding stepi b) and (c) 2
and (h) conprise direct bonding. 1 51. The process accordi ng

to claim38 lwr'GeigRondi ng steps (b) and (c) J—
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2 conprise direct bonding. 1

claim?24 wherein the steps of forming features 2 on said sul

52. The process

conprise performng at | east one reactive ion etching step

3 of said silicon substrates,

step on at | east one of 4 said glass substrates.

and performng at |east one s
1

process according to claim26 wherein the steps of formng
sai d substrates conprise performng at | east one reactive

on at | east
sand- bl asti
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2 on said substrates conprise performng at | east one reactive ion_etching
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