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1. Title of the Inventioh.

INK JET HEAD AND MANUFACTURING METHOD THEREOF

.2. Background of the Invention ' o J——
(a) Field of the Invention
The pfesent_invention reiates toan ink jet head of
| an important portion of an ink-j'e“if: recording apparatus,
having ite 'drive.system of static electricity, fer "
outletting ink drops When_a‘ recording is necessari_and
attaching the drops onto a recording paper face, end a

manufacturing method of the ink jet head effectively

attaining a purpose of the present invention.

{b) Description of the Prior Art
The ink jet fecording apﬁaratds has many merits or
‘.. . ‘advantages, such as very small sound durlng a recordlng,
' hlgh speed prlntlng, high flexibility on ink, and use
of ‘'low cost plain paper. According to the recent trend,
an ink jet recording apparatus of an ink-on-demand .
system emitting :ipk drops only when ' recording is
necessary mainly has been employed because it is not
necessary to fecover ink drops not used to ;he
recording. -
According to Patent Laid-Open Publication No. 1990-
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$51734, the ink jet head of an ink-on-demand has a drive

* means using a piezoelectric element. According to

Ry
-

Patent Laid-Open Publication No. 1986-59911, the ink jet
head heats ink and génerétes' bubbles and pressure
"making ink drops emit.

The conventional ink jet head mentioned above has

problems below. | . ’ C ——n

According to the ink jet head wusing a

piezoelectric element, it isfheceséary to carry out—a

—

_complicéféd process of 'af¥ééhing a chip of
piezoelectric element to the vibrating plates used to

- .generate pressure in a pressure - chambgr in  a
manufacturing process the ink jet head. in particular,
the recent ink jet recording apparatus necessitatés a
printing of a high speed and a_hjéh appearance quality.
In order to attain the necessity or purpose, it has
been necessary to make the ink_jet nozzles, of a multi-
nozzle and é high density of the'nozgle necessitating

,;3 a fine manufactqring of piezoelectric' eléménts and
- Pg%téchment of fhe fiﬁe elements to respective vibrating _

.plates. _These processes are very.troublesome and time

consunming.

| In order to pake the nozzles of a high dénsity,

P it ' has been necessary to manﬁfacture the

‘ piezoelectriéity elements at the order of several tens

micron meter to ten hundreds micron meter. It has been

difficult to make dispersion or scattering of printing
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quality small as soon as possible by means of the

A conventional machine processing.

According .to the ink heating': system' above, the
drive means is’ cons_truc‘ted by a thin mémbrane
resistance heatef- eleméht having no problem of the
conventional piezoelectricity element apparatus above.
However; the drive means is suffered or damaged' by 'hi.ghm--—:__
speed repetition of 'heating a.nd cooling and shock of-'
bufsting bubbles éhortening 'a llfetlme of the ink jet

k - head. - - _ B

" In order . to solve such problems _‘ of "the prior

art, the applicant of the present invention filed an
application U.S. Application No.757,691 filed Sept. 11,
1991 of an ink jet head recording apparatus using a
drive means of ‘the static .__e:_l,ectricity force. The
apparatus has merits of printingg of high density, high
quality and of a small size and a lo'r'xg lifetime.
However, +the ink 3et head recordlng apparatus of
* the apphcatlon has problems to be solved .1n order to
‘ N S‘illl :unprove such merlts_ above. .
| " The first problem concerns a vibrating plate
constituting an ink limiting or .disqharg'ing chamber,- and
a gap between the _vibrating'plat_e and an electrode for
driving the wvibrating pla'te.‘ According to the ink drob
emi'tting system using s.tatic .electricity, emitting
pressure to be generated by the same pressure is very
low comparing to that of the jet head of piezoelectric
- -3 -
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lem'e'nt. In “addition., " pecause generated pressure is

%

proportional to a square of an 1nverse number of the gap
distance, it is necessary, in order to prevent printing,'
qnality from . scattering., to hold the size of gap in the
predetermined range with a very high prec1s1on.

The second problem concerns 81ze precis1on of the
vibrating piate. Emitting pressure is proportional to a-——
cube of the thickness of the vibrating plate. When a
square-shaped vibrating plate jg used, emitting

pressure is proportional to fifth__ power of an inverse:

el fbony

number of the,short side length of the square-shaped
,vibrating plate, thereby - even small scattering. or
variations of the size of the vibrating plate affects
an ink emitting characteristic yery much.

The third problem concerns._ & head manufacturing
method for realizing or attaining 2 size prec1s1on of
the high prec:sed gap and the Vibrating plate mentioned

above. An anode bonding method has been used tO ‘joint

the substrates of such kind to each other. According to

tﬂ? . anode connecting method, a _boro—silicated gas
substrate is connected to & cathode side, and a silicon
substrate provided nith nozzles and the vibrating plate .
is connected 10 an anode s:Lde and @& 500V voltage is’
impressed to them at - a temperature_ 300 Cc. At the

_t'emperature of 300° C, Na ions contained - in the boro~

silicated glass move tO cathode side by @an electric
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attractive force is generated between the borofsilicated

glass andthe silicon and they are contacted. However,

through a 'space between the electrode and -~ the

vibrating plate, a large.éu:rént instantly flows due to
dielectric break of gas and electric field. Then there
are posibility as that the electrode mélts.and the melt
is attached to the vibrating plate genératihg'a short
circuit. In addifion, when they aré connected by an

anode process, they are connected "~ “with a very high

'voltage comparing to that when the ink jet head is

driven. Accordingly, the wvibrating plate is fixed
through its circumference after it is.deformed due to
the electriq field generated while an\anode connecting.
Aé a result, remaining stress is generated changing
natural frequency of .respectivg ,vibrating_ plates and,
consequently, .an ink emitting chgracteristic, or the
dielectric membrane material on the electrode is pulled

along the direction of wvibrating plate due to static

'electricity attractive force resulting in a peeling—off

o%'the dielectric membrane from the electrode.

‘3. Summary of the Invention

.. Consequently, it  is the purpose of the present

invention to provide a manufacturing method of an ink

jet head using static electricity power, which head

having a high precision gap holding means for adjusting
a gap size between the electrode and the vibrating plate

-5 -
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in order to obtain a stable and high quality of

. printing, and being driven with a low drive voltage.

It is another purpoée"of the present invention to
provide an ink jet head and a manufacturing metﬁod
thereof, wherein the gap portion and the viblating plate
of the head have verylhigh size precision, thereby it is
possible to attdin a compaét and high density mechanism.

It dis still another pﬁrpose of the présent
invention to provide 'an 1nk Jet héad of a prlnter,
where.m a proh;b;t:on or seal:.ng means between the gap
portion and the outside is provided in order to keep the
size precision of the gap portion and prevent'dust from
entering the gap portion.

According to the ink jef' head of the present

invention, it has a single or.plural nozilé holes for

~emitting °~ ink drops, an enmitting chamber 1led to

respgctive nozzle holes, a vibrating plate

conétituting at léast one wall of the emitting chamber, -

a drive means for generating a deformation in the

-

vyprating plate, wherein the drive means consists of an

electrode for deforming the. vibrating plate by static-

electricity force.

Further an opppsing_obstacle between the.vibratiﬁg
plate and the electrode is made 0.05 um or more ' than
0.05 um, and 2.0 um or less than 2.0 um.

Additionally, ~the opposing disténce holding means
of the ink jet head of the present invention is a dent

-6 -
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for a vibrating chamber forced on the first substrate of

the vibrating plate, or another dent for electrode

mounting, which is formed in the second substrate of the

electrode, or both dents.

Accord1ng to another mode or embodiment of the
present invention, the first substrate and the second
substrate, .respectively are mono-crystal silicon
substrates, and a Sio2 membrane formed.on at least one
face of"the connecting portion ‘of both substrates
constitutes a holding' means for the opposing gap or

distance.

T

It is_possible to make the SiO2 membrane by thermal

oxidized membrane of silicon, or the SiO2 membrane can

be- produced by spattering process a sintering process
of inorganic silicon compound_. or a .CVD process
vaperizing process, Sol-Gel process, thermal oxidation
process or others. The electrode is formed by p-type or
n-type impurities.

According to still another embodiment of the
pnesent invention, ‘the _electrode is ’covered by a
dielectric membrane with a gap formed between the
electrode and the vibrating plate. o |

According -to_ the preferable g model of the
manufacturing method of the ink jet head of the present

invention, the method comprises at 1least one of the

steps of 'pattern—forming of Sioz' membrane of ‘a

predetermined thickness on the connecting face of the

- 7 -
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.first silicon substrate formlng the v1brat1ng plate

excepting its part for the vibratlng plate, and of

pattern-forming of Si0,. membrane of a predetermined’

fhickness on the connecting face 'of the second silicon
substrate forﬁing the electrode excepting-its partlfor
the electrodeh and of anode connecting the first and the
second silicon substrates through the Si0 membrane by
means of a_Si direct connecting process.

According to another embodiment of the ink jet head
manufacturing method of the :ﬁfésent invention, the
method has a vibrating plate forming step carried by
an- alkali anisotropy etching to be ‘done on the first
silicon substrate, and a step for mahufacturing' the
electrode consisting of p-type or n—-type impurities by
carr&ing out é doping on the sqund silicon substrate.

According to still another embodiment of the ink
jet head.of the present iﬁveﬁtion, the ink jet head has
ﬁpe second eleétrode integrally formed in the vibrating
plate so as to keep the gap between the opposzng
d%stance or parts. The second electrode is formed with p—
type or n—type impurities.

According to another embodiment of the ink jet head
of the present iﬁvept;on, the gap distance holding means
of the head is a gap spacer formed by a boro-silicated
glass membrane previously forﬁed on at least one face

of the connecting portion of the first and the second

substrates. The boro-silicated glass membrane is

- 8 -
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produced by a spatterlng procéss

Accordlng to still another embodiment of the ink
Jjet head of the present. invention, the vibrating plate
is formed by a g—t?pe impurities léyer or a high
density p—tfpe impurities -.layer: -~ A driving wiring
layer contéining the second electrode is formed by a
high density p-type.impurities layer.

According to still another embodiment of the ink

jet head of the present invention, the first substrate

is a silicon substrate of crystal face direction (110)

and made by epitaxially growing a n-type impurities

layer on a p-type silicon substrate.

Another embodiment of the ink jet manufacturing

methdd has a step of forming a n-type impurity layer
on a p-type silicon substrate, ,and._a step of forming
the vibrating pléte by carrying out an eledtric chemical
anisotropy etching_pfocéss on the silicon substrate.

- According to still another embodiment of the ink
jet head .manufacturing method of the present invention,
th-anode bonding meéhod fo; bonding'the firét substrate

haviﬁg the vibrating plate formed thereon to the second

" substrate having_the electrode formed thereon so as to
drive thgﬂyibrating plate has a step for qontrolling in °
a manner that a voltage difference befween the vibrating

plate and the electrode when the anode bonding ﬁroceés

is done. A potential of the electrode .is made
identical with that of the vibrating plate.
_g...
I
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Accbrding to still another embodimefit of the ink

‘jet head manufacturing method of the pfesent invention,

the annode bonding process for anode bondiné-fhe first

substrate haﬁing the vibrating plate formed thereon and

‘the second substrate having the electrode driving the

vibrating plate comprises a. étep_for forming a common
electrode adapted to be  connected | to respective
electrode on .the - second substrate, a step for
coﬁtroliing or decreasing a potential between " the
vibrating plate and the common electrode when. these
first'and second substrates are anode—cohnected, and a

stép for separating the common electrode from the

‘electrode driving the vibratind plate after the anode-

connecting process.
According to another embodiment of the ink jet head
of the present invention, the gap between the vibrating

plate and the elecfrode has a passage led to the

‘outside before the.first substrate provided with the

vibrating plate formed thereon and the second substrate
pr(f:vided with the eiectrode arepanod.e bohding and the
outlet of the passage is sealed by the sealing membér
after the anode connection process is done.

According to §ti11 another embodiment of the ink

jet head of the present invention, the opposed distance

holding mean is a photo-sensitive resin layer or

~adhesive agent layer 6f-a pattern around the electrode.

According to the ink jet head of the present

- 10 -
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invention, impressing a pulse voltage to the electrode
‘functions static electricity . atfradtive force or
repelling force betweeﬁethe electrode and the vibrating
plate opposed to the electrode, deforming the vibrating

plate and emitting ink drops through the nozzle holes.

' Because of a restriction of the opposed gap or distanee

between the vibrating plate and ‘the electrode, it is_.—_
possible to drive the ink jet head with a low voltage,
and emitting speed and emitting volume of ink drops' ‘are
stable attaining very high quallty of printing. -

It is of course that the gap length or distance of
the opposed gap is confirmed by experiments. ' The
reasons why.the gap length is 0.05 um or more.than 0.05
um are the volume.of'emitted ink drop is not enough to’
print a letter wheh_the lehgth és,less than 0.05 um, and -
the vibrating plate_pontact with the electrode breaking
the electrode.

The reason why the gap length is 2.0 um'gr less
than that is caused by driving voltage. If the'lengfh

i% .more than 2.0um, it 4is  impossible +to attain

substantive“high capacity of the ink jet head.
As a means for holding the gap length restficted as

described above, there are a deht for the vibrating

chamber, a dent for mounting the electrode, SiO2
membrane formed on the connecting face of the
substrate to Dbe connected, boro-silicated glass

membrane, or photo-sensitive resin layer or adhesive

- 11 -
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agent layer. The necessary gap length is held by these
dents of membranes.

In partlcular, Si0 membrane or boro-silicated glass

membrane is used, it is possible to control the

thickness the membrane with a high precision and to

equaliée the _vibration characteristic of the vibrating
plate resulting accordingly. in a uniformed quality of_.—_
printine. -
Also, because of the second elect:ode is integrally
formed on the vibrating plate[:elECtric resistance of

the second electrode lowers improving driving frequency

3ef the ink jet head of the present invention and

resulting in a high speed printing.
still also, when the flrst substrate forming the
vibrating plate is formed by. a. sillcon sdbstrate of

crystal face direction (110), it is possible to make a

‘wall face of the cavity perpendicular to the face of

the silicon substrate due to an etching the'miniaturizeq
the pitch dlstance of the nozzles, and to attain a
sqall and high dens;ty of the ink jet head. |

Due to the fact that the vibrating plate is made of
a high density p-type .impu:ity layer, it is possible to
improve_'the driviag ffequeﬂcy and crosstalk of the ink
jet head. :

Additionally, wheﬁ the potential between the
vibrating plate and the electrode is controlled to
lower, for example to equalize both potentials of them

- 12 -
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during an anode connection between the first substrate
provided with the vibrating plate formed thereon and the

second substrate prov1ded w1th the electrode formed

' thereon being anode bonded, it is possible to prevent'

discharging between the vibrating plate and the

-electrode or dispersion of electric field when they are

anode bonded and peeling-off. of the dielectric membrane
due to static electricity attractive force.

As a result, generation of electrode melting ‘and

remaining stress of the vibrating plate is fortunately

prphibited from happening.

Due to a .formation of the passage on the gap
pottion_between the vibrating'plate and the electrode
SO as to_lead to the outside, it is possible to prevent
pressure in the gap space owing Xo heating process of
'the anode~connection from rising, keep the gap length at

the predetermined one, and prevent a generation of

between the v1brat1ng plate and electrode. - In addition,
tqe outlet .0f the passage is sealed by the sealing
member after the anode-connection process is done and

the temperature of the whole construction of the ink

jet head lowers to a room temperature preventing dust

from invading into the'gap space.

4. Brief Description of the Drawings
Fig. 1 is an exploded perspectiﬁe view of the first

-13—
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embodiment of the ink gjet head according to the

 present invention;

l Fié. 2 is a sectional side elevation of the first
embodiment;.

Fig.. 3 is a A-A view of Fig.l;'

Fig. 4 is an exploded .perspective view of the
second embediment of the ink jet head according to the
preseet invention;

Fig. 5  is =a sectienal side elevation of the second
embodiment; R

Fig. 6 is a B-B view of Fig. 5;

’?ie; ;7 is an exploded perspective view of the
third embodiment of the ink jet head according to the
present invention; |

Fig. 8 is an enlarged perspective view of a part
of the third embodiment ef the present invention;

Fig. 9 is a manufacturing step diagram of the first

substrate of the third‘embodiment;

Fig. 10 is a view showing a rnieasurement of a part

of the vibrating plate of the third. embodiment according

to the present invention;

Fig. 11 is =a manufacturing step diagram of the
second _substrate of the third embodiment;

Fig. 12 is a perspective view of the first
subst?ate of the fourth embodiment of the ink jet head
according to the present invention;

Fig. 13 is a manufacturing step diagram of the

- 14 -
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first substrate of the fourth embodiment:

"Fig. 14 is an exploded perspective view of the ink

2.

jet head ‘according to. the fifth embodiment of the
present invention; |
! Fig.15 is a manufacturing step diagram'of.the first
subsfrate according to the fifth embodiment;

Fig. 16 is a perspective view of the first-.-—-_
substrate of the ink jet head .according to the sixth

embodiment of the present inventidn; Fig. 17 i§  a

ﬁaﬁufaoturing. step diagram of'-the first substrate
according to the sixth embodiment of the present
invention; Fig. '18 is a view showing an electric-
chemical anisotroéic étéhing process tq fhe sixth
embodiment; Fig. 19 is a perspective view of the first

substrate of the ink jet head . according to the seventh

embodiment of the present invention; Fig. 20 is a
manufacturing step diagram ‘of the first substrate of
the seventh embodiment; Fig. 21 is a peggpective view of
€"'¢_ the first substrate of the ink jet head.according to the
" e*ghth'embodiment of thelpresént inveption} Fig. 22 ié a
manufacturing step diagram of the first substrate
according' to the eighth' embodiment; Fig. 23 is a
relétionéhiﬁ view of boron density and etéhing rate at
.an alkali anisotropic -etching process; Fig. 24 is a
secfional_view of an embodiment of an anode connecting
apparatus used in the anode connecting proceSs_ of the
present invention; Fig. 25 is a plan view of the anode

- 15 -
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connecting apparat'u.s._ above; .Fig 26 is a sectional .-view

of_ another émbodimenf of {he anbde_ connecting app'aratus.
used in the anodé = connecting process according to the
present invention: Fig. 27 is a plan view of the anode
'connectin}g apparatqs shown in Fig. 26; Fig..-2.8 is a
plan view' of still another embodiment of the anode

- connecting apparatus 'used to t'he anode connecting-——=_
process according to the present invent;on- Fig. 29 is
a plan view of 'the second substraté shown in Fig. 728;
&= Fi_g. 30 is a sectional view show:.ng still another -
embodimen't of the anode connecting apparatus used to the -
"~ anode connecting process of the present invention; Fig.
31 is a sectional view of another embod:.ment of a dust
proh1b1t10n method of the present invention; Fig. 32 is -
a plan view 6f.the émbodiment .shgwn in Fig. 31; Fig. 33
is a sectional view of another embodiment of the dust
prohibition of the ﬁres_'ent invention; Fig. 34 is a

sectional view showing “anofher embodiment of the

distance holding means according to the present
igvention; and Fig. 35 is schematic diagram of the _
printer with the ink jet head of the first embodiment 6f

the present invention.

5. Detailed Explanation of the preferred Embodiments

Hereinafter, the preferred embodiments of the ink

-— 1 5 -—
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. jet head of the ©present invention will be explained

: with reference to the accompanying drawings.

(Embodiment 1)

_Fig. 1 is an exploded pefépectivé view showiﬂg
the ink head accordlng to the first ‘embodiment of the
present invention and a-part of. the head is shown in a..—_

section. The first embodiment is the ink jet head of

an edge ink jet type where_in"fnk drops emit through—a
“'- . noézle hole formed at an end po_rtlon of the subs’cra‘ce.“~
Fig. 2 is a seqtional- elevation of the whole structure
of the assembled ink jet head, and Fig. 3 is a section
alohg the arrows A-A of Fig. 2. The ink jet head 10 of
“the 'emboc.iiment .has a lamihatea structure of three
substrates 1, 2 and 3, respecti__ve,ly have a constrﬁction
as dgscribed below.

The first middle sﬁbstﬂrate 1 is of a silicon one
and has‘a.plu:_-ality of 'nozz'lé grooves__.ll .placed a.t an
? end of the face of the substr'ate 1 and at a regular
| irtterval in paral.}.ely'to each 6ther endiﬁg with pluraiity --.,
of nozzle holes 4, a plurality of dents or concave
portions 12 constituting emitting  chambers 6
réspectivel’?_led tt_:i_ each nozzle grooves 11 and having
their bottom walls of the vibrating plates 5, a

plurality of their grooves 13 of ink flowing inlets

constituting orifices 7 at rear portions of the concave

portions 12, and a dent or concave portion 14 of a

eet Has Been Replaced
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common - ink cavity 8 for supplying ink to respective

emitting chambers 6. Also, there are dents 15 on the

lower portions of the vibrating plates 5, which dents
constituting vibrating chambers 9. Electrodes are
mounted in the vibrating chambers 9 as described below.

In the embodiment of the ink jet head of the

present invention, a distance holding means is

constituted by the dents. 15 used as vibrating chambers

formed on the bottom face of the first substrate i in

‘order to make the opposed distance between the vibrating

plate 5§ and an electrode oppositely placed to tﬁe
plate, or a 1ength' of the gap portion (see Fig 2,
hereinafter referred to as gap léngth) idéhtical with a
difference between a depfh of the dent 15 and a
thickness of . the electrode.. According to the
embodiment, the dent 15 is etched to have a depth of
0.6um. A pitph.of' thé nozzle grooves 11 is 0.72mm
and a width of the nozzle groove 11 is 70um.

The second substrate 2 attached to the bottom face

_o% the first substrate 1 is made of (boro-silicated

glass) and these attached substrates 1 and 2 constitute

a vibrating chamber 9. At'respective positions of the

" second substrate _ 2 corresponding: to  respective

vibrating p_lates 5, gold of a pattern similar to the
shaﬁe of the vibrating plgte is spatted with é thickness
of O0.ium in order td obta_in a golden pattern of - a
shape' almost identical with that of the vibrating plate

- 18 -
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5. It is an electrode 21 having a lead 22 and a
;terminal 23, A boro—si;icated glass spattering 'film
covers the”seéond substrate 2 éxcepting the electrode
terminals 23 with a thickness of 0.2um. It is a
dielectric layer 24 préygnting diélectric breaks and

short circuits when the ink jet head is driven. The

dielectric layer 24 may consist of silicone ‘compound. ——:

Thé third substrate 3 attached to ah ﬁpper face_of
identical with +that of the Second substrate 2.
Combining the third substrate 3 forms the nozzle hole
4, the emitting chamberlG, the orifice 7, and the ink
cavity 8. The substraté 3-'has an ink sﬁpply opening
31 led to the ;nk cavity 8; Thé ink supply opening'31.
is ,connecééd 'to_ an ink tank_ {(not shown) fhrough a
connecting pipe 32 and a tube 33.

Next, the first substrate 1 and the  second

'subétra#e 21 are anode bondinQ_by impressing a voltage

6f:500V at a temperature 300°C to them. With the same

cqnd;tion'above, the first substrate 1 and the third

" substrate 3 are connected and the ink jet head shown in

Fig. 2 1is assembled. After an anode  bonding, a

difference between the depth of the dent 15 and the

thickness of the electrode 21 is the gap length between

thé'vibrating plate 5 and an electrode 21 on the second
substrate 2 . is made 0.5 um. A space distance G1
between the vibrating plate 5 and the dielectric layer
24 on the electrode 21 is made 0.3 um.

-~ 19 -
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After the ink jet head is assembled as described

. above, oscillation circuit 102 is connected between the

_subetr,at_e 1 and.a terminal 23 of the I.electrode 21

through a. wire 101 in order to forxﬁ an ink jet

recording apparatus. Ink 103 . is suppl'ied. to an
interior of the substrate 1 from an ink tank (not show.n)

through the ink_ supply port 31 and the ink cavity 8 ——(_

_and the emitting chambe_r 6, etc. are filled with ink.

In Fig. 2, an ink drop 104 is emitted from the

#ﬁ nozzle hole 4 | onto a recording paper 105. -
_An operation of the ink jet heed constructed as
described above according to the present invention will
be explained. First, pulse voltage of 0V to 70V is .
impressed to the electrode 21 by the oscillation
cir'cuit 102 and a surface .gf,the electrode 21 is
charged "plus' or pesitive. Then, a " lower face of the
opposed vibrat_'ing plate 5 is charged negative. As a

result, the vibrating plat_e 5 bends downward by sucking

effect of static electricity. Next, the electrode 21
J.i ‘made off, the v;brating plate 5 returns to its n
original ;Sositlon. Thus, pressure in the emitting
chamber 6 abruptly rises and an ink drop 104 is emitted
onto the recording paper 105 through the nozzle hole
4. Then, the :v'ibrating plate 5 again bends downward
and ink 103 is supplied to the emitting chamber 6 from

the ink cavity 8 through the orifice 7,

According to experiments carried by the inventor,

: - 20 -
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the ink jet head 10 of the present : invention is
assembled to a printer as shown at Fig. 35, 5 KHz drive
power flies ink drops with a épeéd Im/sec onto the
rebording péber, Resuitiné printing éfficiency ‘was
-very.godd with sucﬁ low voltage for drivihg-or flying

ink drops, in Fig. 35, numeral 300 is a platen, 301 is

a ink tank, and 302 is a carriage of the ink head 10.——

‘When the gap length between the vibrating plate 5 and
the electrode 21 is 2.5 “um, ‘drive voltage ~'was

{Embodiment 2)

Fig. 4 is an expiqded perspective view of the ink
jet héad aécording fo the second embodiment 6f. the
present inventicn and a part;soﬁ the ink jét head is
shown b&'breaking in section. The ink jet head shown.

is of a face ink jet type having nozzle holes formed at.

a face portion of a substrate, through which holes

ink drops emit. Fig: 5 shows a sectional side
el(.evation of .fhe whole .cc;nstruction of an. assembled
ink jef- head according to the ﬁresent invention and
Fig. 6 shows a _sectional'View taken along a B-B 1ine'
in Fig. 2. Hereingfter, thé part.orﬁmembers of the ink
jet head identical with or similar " to that of the
embodiment 1  will be explained with the identical
reference numbers of the embodiment 1. |

' The ink jet head. 10 of the second embodiment is
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adapted to emit ink drops through the nozzle. holes 4
formed in a face of the third substrate 3.

The first substrate .1 of this second embodiment is
made of a silicon of crystal face direction (110) of.a
thickness 380 um. The bottom wall of the dent 12

constituting the emitting chamber 6 is a vibrating

plate 5 of a thickness 3um. There is no dent. of <the.

vibrating chamber of the first embodiment at the lower

portion of the. vibrating plate 5, “instead the loWer

face of the vibrating chamber 5 of the second embodiment

is a flat and smooth face . polished ~or finished as a
mirror.
" The second substrate 2 attached to the bottom face

of the first substrate 1 is made of Boro—5111cated glass

as that of the first embodimentu_The gap length G is

formed on the second substrate by a_dent 25 formed by an

etching process of 0.5 um in order to mount the

electrode 21. The dent 25 is made in a pattern larger a

little than a shape of the electrode in order to mount -

tQa electrode Zi, lead 22, terminal 23 in the dent 25.
The electrode 21 is made by spattering ITO. of 0.1lum
thickness in the dent 25 to form ITO pattern, and gold
used to bondings ape:spattered only on the tefminal 23.
Except for the electrode temrinal 23, Boro-Silicated
glass spattar film is covered on a whola surface with
a thickness 0.1 um maklng a dlelectrlc layer 24. In
Fig. 4, the d1electr1c layer 24 1s._drawn as a flat
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shape. 1In fact, the dielectric layer 24 has dents 25
formed in the flaf surface.

.Consequently, 'according t¢ the second embodimént,
the gap lenéth is Ou4um_gnd the space disfénce Gl is 0.3
um after an anodic bonding.

The third substrate 3 attached to the top face of

the first substrate 1 is made of SUS plate of a -

‘thickness 100um. On the face of the third substrate 3,

there are nozzle holes 4 “respectively led to ~the

dent 12 of the emlttlng chambers.; The ink supply port

31 is formed so as to be led to the dent or concave 14

of the ink cavity. _

When the ink jet head 10 of the third embodiment is
used and a plate voltage of OV té 100V is impressed from
the oscillation circuit 102 to._the electrode 21, a good
pfinting efficiency corresponding té that of the first

embodiment is obtained. When the ink jet head provided

with a gap length G of 2.3 um is used, the driving

voltage becomes more than 250V, thereby the ink et head

i%ﬁnot practical in the printer."

{Embodiment 3)

.Fig..tz shows an exploded perspective view_of'the
ink jet head according to the third embodiment of the
presént invention and a part of the head is shown in
sectioni Fié. 8 is an enlarged perspective view of a
pa#t'of the ink jet head.
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Accofding to the th_ird embodiment of the ink jet
head} the gap length holding means is formed by Si0,
membraneé 41 and 42, respectively and previqusly'formed
at the' space betwéen _the. first substrate 1 and the

second substrate 2. These ',SiO2 membranes 41 and 42

function as gap spacers. The first substrate 1 is made

of a single crytal éiliqon' wafér of = crystal face
direction (100). On the bottom face of the wafer except
a part corresponding.to the vibrating” plate 5, the S0,
membr;ne 41 of, for example, :émJihickness 0.3 um is

fofmed. Similarly, the second substrate 2 is made of a

single crystal silicon wafer of a crystal face direction

(100). $i0, membrane 42 of, Vfor example, 0.2 ‘um  is

formed on the upper .face of the second substrate 2
except the electrode 21. " .

"As a result[ the gap 1length between these
substrates 1 and 2 becomes 0.5um (see Fig. 8). |

E;gf 9 shows the manufacturing steps of the first
substrate according to the third embodiment éf the
present invention:_- |

First, both.'faces of the silicon wafer of a
crystal face direction (1005 are mirror-polished in
order to make a silicon sﬁb_strate 51 of a thickness
200 um (see . Fig. 9(a)). The silicon substrate 51 is
treated with thermal oxidization treatment in_ox&gen and
_steam atmosphere 6f a temperature 1100°C for 4 hours in

order to form a Si02 membranes 4la and 41b of a
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- photo-resist pattern is. removed (see Fzg 9(c)).

~ thickness 1 um on both the faces of the silicon

substrate 51 (see Fig. 9(b)). SiO2 membranes 4la and
41b function as an anti-etching material. -
Next, on the upper face of the SiO2 membrane 4la,

a photo-resist pattern (not shown) having e pattern of

nozzle 4, emitting chamber &, orifice 7 and ink cavity

8 is formed. The exposed pertion of the SiO2 membrane

41a is etched by fluorlc acid etching agent and the

Next, the 3111con substrate 51 is arisotrophy-

"etched by alkali agent. When single crystal silicon is

etched by alkali, such as;kalium hydroxide solutioﬁ and

hydradin, etc. as well known, difference between etching

speeds on various crystal faces of the single crystal

silicon is large,  thereby it {s,possible to earrymput
arisotrophy etching on_them. In practical, becauee.fhe
etching speed of (111) crystal face is the least or the
lowest, the orystal face (111) is remained after the
etchlng process is flnlshed

-~

( Accordlng to the third embod;ment, caustic potash

"solution containing isopropyl alcohol ie used in the

etching treatment. Because mechanical deformetion
characteristics gfhﬁhe vibrating p;ate is determined by
each size or measurement Oof the vibrating plate, the
design size of every part of the vibrating plate is

determined with reference to ink .  emitting

——p———
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characteristics necessary to the ink jet head of the -
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thickness is 30um (see Fig. 10).

“.

present invention. According to the third embodiment, a -

width h of the vibrating plate 5 is 500 um and its

In the. silicon substrate 51 of (11) face

direction, (111) face crosses structurally with (100)

face of the substrate at an angle of about 55°, SO that

_when'the.sizeé of the vibratihg plate to be formed in

the silicon  substrate of (100) face direction' are

‘determined, the mask pattern size™ of anti-etching

material is primarily determined with reference to the

~thickness of the first substrate. As shown in Fig.10,

the width 4 of the top opening of the emitting chamber
6 is determined 24Duﬁ\ahd an etching treatment of 170um
width is done, so that fhe vibrating plate 5 éf a width
h of 500 um and a thickness t of _30 um is obtained. 1In

a practidai etching process, (111) f?ce is a little

etched or undercut and the size d shown in Fig. _10'

becomes a little larger than the mask battern width 4 1.
Consequently, it is necesary to make-tye mask pattern
.QiEth d 1 small by a part corresponding to that of (111)
face 12a undercut, so that it is 730 um in the third
embodiment of the present invention .ané the
predetermined length (170 um) is etched by alkali

etching solution (see Fig. 9(d)).

Next, Sio2 membrane 41b on the bottom face of the

- gilicon substrate 51 is patterned. The thickness of

the Si02 membrane 41b was 1 um at the stage Fig. 9(b).
- 26 =
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In an alkali arisotrophy etching process shown in Fig.
9(d),.the SiO2 membrane 41b is“etched by'alkali solution
and its . thickness decfeaéed to 0.3 um. According to
the third embodiment, an etching rate' of the SiO2
membrane isﬂvery small, so a reproductivit? of decrease
in a thi;:kness of the S:‘LC)2 .membrane 41b is _good_and
uniform. |

Next, a photo-resist pattern (not shown) of a

shape corresponding to the vibféting'blate 5 is fo?méd

on the Sioé membrane 41b(41), the exposed portion of the

Sioz' mémbrane 41b is etéhed by .fluoric acid etching
solution so as to 'remove the photofresist pattern.
. Simultaneously, all nmaterial of the SiO2 membrane 41a
remained oh the upper fgce of the substrate 51 is
removed (see Fig. 9(e)). - -
After such steps are finished, the first substrate

1 shown in Fig. f is complefed.

Next, theg manuféctufing steps of the' second

substrate according to the  third embodiment of the

pqesent invention will be explained with reference to

Fig. 11.

- First, both the faces of a n-type silicon substrate

52 of (100) face d;recfion—are mirror-polished and heat
and oxidization treatment is done on the substrate 52
in oxygen and steam atmosphére at 1100° ¢ for a
predetermined time in order .to form the Sio2 membranes
42a and 42b on both the faces of the silicon substrate

- 27 -
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with bubbled BBr

R P

e

) 52 (see Fig. 11(a)).

Next, a 'photo-resist _ p_atterri . {not shown)
corresponding to the shape of the electrode 21 is

formed' 'on the upper -S;iCt2 membrane 42a and the exposed

portion of the S:i()2 membrane 42a is etched by fluoric

acid etching solution to remove the photo~-resist
pattern (see Fig. 11(5)).

In the ne:it step, the exposed Si portibn 43 of the
silicon substrafe 52 is boron—doped A boron—do’b?’ﬁg
process is shown below. The s:.l:.con substrate 52 is
held in a quartz tube through a guartz holder, steam
3 of 1"12 carriers is led +together with
02 into the -gquartz tube. After the silicon substrate 52
is treated. at 1100°C for a predetermined time, the
substrate 52 is lightly etched by fluoric acid etching
aéent, then drivenji_n within 0,. The exposed part of
Si 43 is a p-type layer 44 (‘see Fig. 11(c)). The p-
type layer 44 functions as the electrode 21 a,s‘ shown in
Fig. 7. i | |

( In the step of Fig. 11(c), the thickness of the

éioz membranes 42a and 42b on the upper face of the
silicon substrate 52 increases, so in the third
embodiment. the thickness éf th_e" SiO2 membrane .42a is
made' to increase to 0.2um. Next, a photo-resist pat‘l;ei-n
(not shown) corresponding to the shape. of the _p;-type
layer 44 (electrode 21) is formed and the exposed ones
of the 8i02 ‘membrane 42a aré etched by fluoric acid
-— 28 -
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" etching agent removing them (see Fig. 11{(d)). Thus, the’

second substrate 2 shown in Fig. 7 is obtained.

According to the .ink jet head of the third

embodiment of the present 1nventlon, the size of the

gap length G between the v1brat1ng plate 5 and the
electrode_ 21 is determined to 0.5 um on the basis of an

ink emitting characteristic of the . ink jet head.

Because the thickness of the SiCl2 membrane 41b of the

first substrate 1 is 0.3 um as mentloned 'above, “the

process is carried out so that the thlckness of the

-'S:'LO2 _membrane 42a in the step of Fig. 11 {c) becomes

0.2um.
The substrate 1 and 2 formed according to the steps

above are joined by a Si-Si direct cennecting method

making the head construction as._shoﬁn enlargely in Fig. -

8. 'i’he Jjoining steps will be described.

First, +the silicon substrate 1 is washed with a
mixture of sulfuric acid and "hydrogen peroxide of 100°c,
then posit'iohs of the corresponding patterns of both the
sul‘?strates 1 and 2 _'are matched, and finally they are
piled each other. After that, both the subtrates 1 and
2 are thermally treated at a tefnperature of 1100°%C for
one hour obtaining firm combination of them. .

The sizes of the gap length G of ome hundred ink
jet heads manufactured .are scattered in 0.50 + 0.05 um.
and the thicknesses of the vibtating plates are

scattered or distributed in a range of 30.0 + 0.8 um.

- 29 — .
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When the ink jet heads are driven with 100V and 5 KHz,
ink drop'emitting speeds are scattered in a range of -

8 + 0.5 um/sec. and ink drop volumes are distributed-in
a range of (0.1 + 0.01) x 107% cc. In a practical

printing test of the one hundred ink jet: heads, good

résults of printing are obtained.

Ascordin'g te the 'third' embodiment of the present-

invention, a gaseous process using BBr3 forms a p-—-type

layer and the electrode 21. However, the p-type layér

forming method includes ones, such ‘as an ion injection
method, a spih_—c_oating method in which coating sgent
5203 scattered ih inorgaﬁic solvent is spinned, and
other method using a distribution source of BN (Boren
nitrogen) plate. . It is possible to use other elements

in group III, such as Al,' Ga .in_ order to form p-type

layers.

It is also possible to make the .electrode 21 a n-

type layer supposing that the silicon substrate 2 is a p-

. type substrate. In this case, various doping methods

arﬁ used, that is V' group elements such as P, As, Sb and

the like are dope§ making the electrode 21.

According to the third embodiment, the SiO,
mep\bfanes 41 and 452 - form the gap portions. However,
because it is possible if anyone of the S:’LO2 membranes
is not used to connect both the substrates owing to the
pfinciple of Si-Si direct conhecting- process, one of

the membranes 41 and 42 may have the necessary length

- 30 -
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of the gap and another membrane may be removed by
fluoric acid etching agent in a Si-Si direct connecting

process obtaining the gap.portion of_the same material.

In the third embodiment, the SiO2 membrane of the_

gap spacer is used as an etching mask when an alkali
arisotrophy etching process is done and the size of
the membrane decreases, so that the face condition a
1ittie deteriorates while an etching step. When the
face deteriorates to a certain degree, once all the 310
membrane is removed by £fluoric ééia etching agent and
then a thermal oxidization process is used to form SiO2
membrane of a neCessary thickgess obtaining a sﬁitable
gep'epacer.

In addition, according . to _the third embodiment;
coneidering.the specification qg the ink Jjet head, the

gap length is. determined temporarily to 0.5 um.

However, because Si thermal oxidized membranes can be

manufactured precisely and . easily until their

thickneeses reach 1.5 um, only controlling the thickness

of the Si thermal oxidized membraﬁes of the gap spacers.

according to the specification in case that the

_ specified size of the gap length is 0.05 to 2.0 um

enables to obtain an ink jet head provided with the gap
portion having a precise measurement similar to that of

the third embodiment.

(Embodiment 4)
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Fig. 12_shows a'pa:tly-broken perspective view of
the first substrate used to the ink jet head according

to the fourth embodiment of"the present invention. The

second substrate and the third substrate on which

electrodes are formed are identical with that of the
third embodiment ‘of the present invention and the
explanations for ~them _are omitted from the ——:_
specification.’

.According to the fourth embodimént of the'ink“ﬁéﬁ

head, a second electrode 46 coneiezing of a p~type or n-

type impurity layer is formed on the gap opposed face 45

"of the vibrating plate 5 as shown in Fig. 12 in order

to improve frequency characteristic of the oscillation
circuit or crosstalk when  the ink jet head is driven.
The gap length G of the fourth?embediment is the space.
distance ° between the second electrode 46 and the
electrode 21' on the second substrate (see Fig. 7). The.
distance holding' means is constructed by the siO2
membrane 41 formed on the bottom face of the .first
sqpsirate 1 in a manner described below and the:seeond .
substrate of the third embodiment. In this case too,

it is possible to obtain the gap length G by only one of

the _SiO2 membranes.;

The ganufacturing steps of the.first substrate of
the fourth embodiment df,the present invention is shown
in Fig. 13.

_First,'both the eides of a silicon wafer of n;type

- 32 -

This Sheet Has Been RT

AR



(100) face direction are mirror-polished to manufacture
a silicon substrate 53 of a thickness 200 um (see Fig.

13(a)), the silicon . substrate 53 is thermally

oxidization-treated in an oxygen—-steam atmosphere at’
1100°¢ for 4 hours in order to form Sio2 membranes 41a -

and 41b of thickness 1 um on both the faces of the

silicon substrate 53 (see Fig. 13b)).

Next, on the lower Sioé“membféne 41b,.a phﬁfﬁ?

resist pattern (not shown) correspondlng to the shape of
the electrode 46 shown in Fig. 12 and a lead (not shown)

is formed, and the exposed portion of the Sioz ﬁembrane

41b is .étched and removed by fluoric acid etching .

agent in order to remove the photo-resist péttern (see

Fig. 13(c)). -

At the next stage, the exposed Si.portion;47 of
the silicon substrate 53 is doped accordin§ to the
treatment process identical with that of fhe tﬁird
embodiment of the present invention in ?rder to form a p-
t%Pe laysr 48. The p-type layer 48 functions as the
second electrode 46 (see Fig. 13(d)).

A photo-resist pattern is (not shown)

corresponding to Fhe shape of the nozzle holes 4,

emitting chambers 6 and the like are formed on the upper

SiD2 membrane 4la. The exposed portion of the SiO2

membrane 41a° is etched to remove the photo-resist

pattern (see Fig. 13(e)).
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The following steps of the manufacturing process:-

are identical with that.of the third embodiment of the
ink Jjet head and the S_io2 membrane 41b is pattern-—
treated so as to form the vibrating plate 5, nozzles 4,

emitting chambers 6, orifices 7, and ink cavity 8, and

gap porfion between the vibrating plate § and the second

substrate (see Fig. 13(e) to (g)).

.Similar to that of the third embodiment, ‘various
methods can be used to form the “electrode 46 “and
various kinds of. dobants can ge:;used to the dopihg

process.

According to the embodiment, respective vibrating

plates 5 hes respective driving electrodes 46 formed
thereon, so it is possible to obtain a high speed
driving of the oscillation cirqgi;, or a high printing
speeé of the ink jet head of tye present invention.
According to the third embodiment, the highest
driving frequency for 'fqrming independently ink drops
was 5 KHz, however in the fourth embodiment, ' the
highest driving freqeency is ”7' KHz. Also, the lead
Wi;:'es for connecting respective electrodes 46 and the
eseillafiou circﬁit are integrally and simultaneously

formed with the electrodes 46 attaining a “compact and

high speed ink jet head.

(Embodiment 5)
Fig. 14 shows a partly-broken exploded perspective
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view of the ink jet head of the fifth embodiment of the

embodiment has ~ a structure basically identical with

that of the third embodiment shown in Fig. 7 and has a

characteristic of thin membrane or film for restricting

the distance of the gap formed between the vibrating
plate 5 and the elsdtrode 21 when the first substrate 1
and the second substrate 2 are combined is made’ of boro-
silicated glass thin- membrane "49 and formed . on “the

bottom face of the first substateuih

Fig. 5 shows the manufacturing steps of the first

substrate according to the fifth éﬁbodimept of the

present invention.
First, both the faces of silicon wafer of (100)

face direction is micro-polished to manufacture a

silicon substrate 54 of a thickness 200 um (see Fig.

15(d)), and the silicon substrate 54 is thermally
oxidization—treated ‘in an oxygsn and  sSteam atmosphers
at 1100°c, for 4 hours in order to form sio, membranes
41? and 41b of thlcknsss 1 um on the 5111con substrate

54 (see Fig. 15(b)) . _ -

Next, a photo-resist pattern (not  shown)

corresponding to ths shabes'of nozzle holes 4, emitting
chambers 6, etc. is formed on tpe upper SiO2 membrane
41a,‘land the exposed portion o_f the Sio2 membrane 4la
is etched by fluoric acid etching agent in order to
remove the photo-res1st pattern (see Fig. 15(c)).

- 35 -
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An ‘arisotrophy etching is carried out on the
5111con by using alkali agent According to the
arisotrophy etching process descrlbed in regard ‘to the

third embodiment, the nozzle holes 4 and the emitting

" chamber 6, etc. are formed and then the sioz membranes

41a and 42b of anti-etching material are removed by

£fluoric acid etching magnet (see Fig. 15(d)).

Next, boro-silicated glass thin membrane - 49

functioning as a gap epacer prec:Lsely restricting’ the

dlstance between the vibrating plate 5 and the electrode

21 and as a combined 1ayer.attached by an anode bonding

Ay

method is formed on +the lower face of the silicon

substrate 54.

First, a photo-resist pattern'so corresponding to a
shepe of the Gibrating'plate 5. _ig formed on the bottom

face of "the silicon eubetrate 54 (see Fig. 15(e)).

'glass thin membrane 49 on the bottom face of the .silicon

substrate 54 (see Fig. 15(f)); the silicon substrate 54
1% sintered in organic solvent, is added with ultra-
sound v1bratlon in order to remove the photo—reszst
pattern 50. Consequently, a bero-5111cated glass thin
membrane 49 of a gap spacer is formed on the portions
or places other than that of the vibrating plate 5 as

shown in Fig. 15 (g).

-

‘Next, a spattering 'apparatus forms a boro-silicated

-y

The spattering conditions of the boro-silieated _

glass this membrane 49 are shown below.

-~ 36 -
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Cor'ning corporation made #7740 glass is used as a
spattering target, a spattering' atmosphere is 80% Ar -
20% 02 pressure 5m _Torr, and RF power BW/cmz is
impressed. Thus, 0.5 um .th_ickness glass thin membrane
49 is obtained. | |

'The second substrate 2 and the thiz;d substrate 3
shown in Fig. 14 and used to assemble the ink jet head

of the present invention- are manﬁfacturéd by the method

of the third _embodj.ment. The flrst substrate 1 "and

third substrate 3 ' are anode ' bond:.ng or attached

O

integrally by the method of the third embodiment. _The

vibrating plate 5 formed on the substrate 1 and the

electrode 21 formed on the substrate 2 are matched in

their opositions and ' they are abutted. Combined
substrates 1 and '2 are heated tob' 3,00°C on a hot plate, a
DC voltage 50V is impressed to them for 10 ﬁinutes with
the first substrate being plus ctxarged and the second
substrate being minus charged.

The ink :jet héad manufactured according to the
fi{th exﬁbodiment of the present invent.ion.'is tested'in
real-printing function and a good result of printing
similar to that of the third embodiment is obtained.

' According to the fifth embodiment, in or.dér to form
the gap portion between the vibratiné plate 5 and thd
electrode 21, a boro—silicated glass thin membrane 49
is formed on the bottom facé of the first substrate 1.
It is possible .to form the boro-silicated glass thin
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- membrane 49 on the upper face - of the second substrate 2

instead of the bottom face'of the first sﬁbstrate 1
obtaining the same effect.

The boro—silicated glass thin membrane is formed by
the .method of the fifth embodiment on the second
substrate 2. 'iﬁ an anode bonding of the first
substrate and second substrate, a DC voltage 50V- is
impressed to them with the first substrate being charged
plus electricity and the second substrate being charged
minus electrlc1ty at a temperature 300° C obtaining the
ink jet head of a quality and a performance identical
with that of the fifth embodiment. |

| According to the fifth embodiment, it is.possible
to bond the first substrate.and the second substrate at
300°C obtaining the effects mentjioped below.- | |

-

"It is possible to use not only p—type or n~type

impurities of the third embodiment but alse, for -

example, a metal membrane or film of Au or Al, eté.
having a melting point of several hundreds or 100°¢c for
thﬁ electrode formed. on the second substrate. Whea
sush hetal film is used, it is possible to décrease
eiectric- resistance value of the electrode 1mprov1ng

dr1v1ng frequency of the ink jet head.

{Embodiment 6)
Fig. 16 shows a partly-broken perspective view of
the " first substrate 1 used to the ink jet head
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according to the sixth embodiment of the present

invention. The second substrate and the third

substrate having electrodes formed thereon of the ink

jet headt of the sixth embodiment have the structures
identical with that of the third embodiment.

The first substrate 1 of the sixth embodiment is

made of the silicon substrate 57 having a p-type silicbn-

substfate 55 and. a n-type Si layer 56 epitaxially
grown on the bottom face."'Bf the p-type silicon
substrate 55. In detail, a pa;%a%f the p-type silicon
sﬁbsfrate 55 is selectively etched through an electric-

chemical ‘alkali arisotrophy etching process {be

explained later) in order 1to remove the ~ part

obtaining a -vibrating plate 5 of a precised thickness.

The manufactﬁring steps offtpe first substrate of
the sixth’ embodiment ié shown in Fig. 17.

First, both the faces of a silicon wafer of p-
type (100) face direction afe mi;ror—polished in order
to manufacture a silicon substrate 55 of a thiﬁkness
i%? um, and n-type S; layer 56 of a tiickness 30 um is
eﬁitgxially grown on a bottom face of the silicon
substrate 55 obtaining a silicon substrate 57 (see Fig.
17(a)). For exampie, boron is doped into the silicon
substrate 55 and its density is 4 x 10%° cm™3. Al is
doped into the n-type Si layer 56 and its density is 5 x
1015 cm-s. .The epitaxial gfowth process above can form

a Si layer 56 having a uniform thickness. It is
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Y
possible to control the thickness with "a"llowanc_é _-_l-_ 0.2
um of its target of 30 um.

Next, +the silicon. substrate 57 is . brought under
heat-oxidization-treatment in én oxygen-steam atmosphere
at 1ioo°c, for 4 hours and Sio2 mémbranes'41a and 41b
of thickness 1 um aré formed on both the faces of the
silicon substrate 57 ksee.Fig,-17(b));

A photo-resist pattern (not shown) corresponding to
the shapes of nozzle holes 4, "emitting chambers 6, &nd
- etec. ié formed on the upper Szo-mﬁéhbrane 41a, a photo-
resist pattern (pbt shown) corresponding to . an
eleétrically-led opening portion 58 is formed 6n the
'loﬁe; _Sioé membrane 41b, then the exposed portioﬁs of
the SiO2 membranes 4la and 41b are etched by fluofié
acid etéhing agent in order to%rgmove the photo-resist
pattern (see Fig. 17(c)).

U31ng the apparatus shown in F1g. 18, the electric-
chem;cal arlsotrophy etching steps are carr;ed out. As
shown in Fig. 18, a DC vo;tage of 0.6V is impressed when

.

n-fypeCSi layer 56 is charged plus and platinum plate

80 is charged minus, the silicon substrate 57 is sunk in

KOH - solution (70°C) containing isopropyl alcohol
carrying oét" an _etching step. When -the exposed
portions of p-type silicon substrate 55 _(thé portions a
Sioé.membrane 41a fails to'cover)_are complefely etched
and removed, n-tyﬁe Si layer 56 is non-activated by a
plus. DC voltage preventing .the étching process from
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péoceediﬂg. At this time, the etching is finished and
the silicon.substraté of a condition shown in Fig. 17(d)
is obtained.

In the next stage,'a photo-resist (not shown) of
é shape corresponding to the wvibrating plate 5 ié.
formed on the. lower Sio2 ‘membrane 41b, 'an  ‘exposed
portion of the : s.i'O2 _membr'ane 41b is etched by fluoric
acid etching' agent and the photo-resist is' removed.

Simultaneously, all material of the“SiOz_membrane‘lié

remained on the surface of p-tyﬁém"silicon substrate 55 .

and the first substrate 1 shown in Fig. 16 is obtained

{see Fig. 17(e))f

Othér steps them that described above are identical
that of the third embodiment. The thickness' of the
vibrating plates' of one hund;ed (100) ink Jjet . head
manufacturing.bé_the éteps of thensixth embodiment ére
distributed in a range oOf 30.0 * O0.2um and it is the

thicknesé precision of n-type Si layer 56 formed by the

epitaxial process. When the ink jet head of the sixth-

emPodiﬁent is driven with 100V, 5§ KHz, the emitting
speeds of ink drops are distributed in & range of 8 +

0.2un/sec. and the ink drop'VQlumes are in a range of
6

(0.1 + 0.005) x 10 “cc, resulting in a good printing.
(Embodiment 7)

Fig. 19 shows a partly—br"oke_n perspective view of
the first substrate used in the ink jet head according
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to the seventh-embodimént 6f the present'invention. The
second substrate and the 'Fhird substrate on which
electrodes are formed on the ink jet head of the
seventh embodiment énd“the manufacturing method of these
substrates are identi&al with that pf" the third
embbdiment, so that ekplanétions for thgm are omitted
from the specifidation. |

The first substrate 1 of the seventh embodiment is
obtained by treating a silicon substrate 63 formed by an

epitaxially growing of n-type ‘51 layer 62 on the

' bottom face of the p-type silicon substrate - 61. A

. crystal face direction of p-type silicon substrate 61

is (110). According to the silicon substrate of (110)

face direction,  as _well known the {111) face

: perpendiculérly crosses to the.§ubstrate face of (110)

face diréction in a direction (211) and an alkali

arisotrophy etching' process enables to form a wall

structure perpendicularly to the substrate face.

The seventh embodiment uses the fact above, and

: ptih distances, when a number of ink Jjet structural

units consisting of nozzles and emitting chambers, etc.

‘are employed, are narrowed realizing a high density

arrangement of the qozzlea.'
The manufacturing steps of the first substrate of

the seventh embodiment is shown in Fig. 20.
- The steps'shown in Fig. ZO(a) fo (d) correspond to
that of the C-C 1line sections of Fig. 19 and steps of

-
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Fig. 20 (e) to (g) correspond to the D-D line sections

of Fig. 19.

First, both the faces of the silicon wafer of p-
type (110) face'direction.are mirror-polished to form a
silicon substrate 61 of a thickness 170 um, nétype Si

1éyer 62 of 3.um is formed on the bottom face of the

silicon substrate 61 by an epitaxial grown step, and.

the silicon substrate 63 is obtained (see Fig. 20(a))}.

For example, the silicon substrate 61 is doped with—B
' 15__-3

(boron) and its density is-4 x 10 °cm °, and the n-

type Si laﬁer'ﬁz is-doped.with A and its density is

5 x 10** ecn 3. In the epitaxial grown step, it is
possi_ble to control the target thickness 3 ﬂm within
the allowénce_i 0.05um.

Next, the silicon substrate 63 is thermally

oxidized—treapgd at 1100°C in an oxygen and stean

atmosphere in order to form SiO2 membranes 41a and 41b

of the thickness 1 um on both the faces of the silicon

substrate 63 (see Flg '20(b)}).

( A photo-resist pattern (not shown) correspondlng to

the shapes qf cavities and ink cavity, éetc. ;s.formed'

on the upper SiO2 membrane 41la, a photo-resist pattern
(not shown) corresponding to an electrically leading

opening portion 64 is formed on the lower SiO2 membrane

'4;b, and the.exposed portions of the Sioz.membranes 41a

and 41b are etched by fluoric acid etching agent to

remove the photo-resist pattern (see Fig. 20(c)).
. - 43 -
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As of' the size of the photo resist

corresponding to the shape

its width is 50 -um,

pattern is 20.7 um, that is

distance,

70.7 um of

ink drop density per an inch

dpi (dot per inch).

Next,

the eéelectric-chemical

arisotrophy

patterns

of the emlttlng chamber 6,

a distance from the neighboring

a pitch
is 360

letching_#r;

mentioned above is applied to the silicon substrate 63

embodiment and the etching

is” done until the p-type

through the method identical “with -that. of the sixth

silicon substrate 61 is broken through (see Fig.

20(d)).

The dents formed in the step 'shown in Fig.

20(d) consist of perpendicular walls relative to the

surfaces of the silicon substrate 63.

The electric-chemical arisotrophy etching process

forms a photo-resist pattern (not

shown) corresponding

t0o the nozzles 4 and the.orifiees 7 on the SiO2 membrane

4la which

(not shown)

f%uorlc acid etching agent etches the exposed port1on of

the 810

is a little thinned, a photo-resist membrane

covers all the Jower SiO

2 membrane 41b,

-———

membrane .41a, and the photo-reSJSt pattern is .

removed {see F1g 20(e)).

Next{

an- electric-chemical etching

process

identicai‘with tne steps shown ‘in Fig. 20(d),

etches the

substrate .until the nozzles 4 and the orifices 7 of

thickness 30 um are formed (see Fig. 20(f)).

Last,

the whole silicon substrate is

sunk in -

fluoric acid etching agent to remove Si02 membranes 41la

- 44 -
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and 41b in order to obtain the first sﬁbstrate 1 (see
Fig. 20(g)). The widthFQf'the emitting chamber formed
on the reéulting first substrate becomes 55 um which is
a little enlarged by undercutting during the etching
stepl The pitch distance is 70.7 um, so it is said the
first substrate obtained has thé ideal measurements.
The most"suitable vaiue of the width of the cavity.is
determined due to ink  emitting characteristic.

Considering the undercutting,'£he si?e 'of the photo-

resist pattern is determined to obtain the ideally-

‘shaped cavity.

({Embodiment 8)
Fig. 21 is a partly—ﬁroken perspective view of the

first substrate of the ink jet head éccording to the

_eighfh emﬁodiment_ of the preseﬁt invention. The

vibréting pléte 5 in the ink jet head of the, eigbt
embodiment of .the présent invention is a boron doped
la§er 66 of a den?ity and has a thickness iden;ical
w1€h that of the necessay vibrating plate. It is known
that the etching rate of alka11 used Si etchlng step
becomes very small in the range of a hlgh density
(gbout 5 x 1019= pm-s and moré) when the dbbant ié

boron.

According to the-eighfh embodiment using the facts

———

above, the vibrating ‘plate forming range is supposed

that a high'density boron doped layer. When an alkali
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arisétrophy etching forms thé emitting chamber 6 and the
ink cavity 8, so-called etghing_stop technigue in which
the etch{ng'rate greatly lessens at the time the boron
doped layer 66 is exposed forms of the vibrating'plate 5
énd emitting-chaﬁbers 6 of the necessary shépes.

The manufacturing steps of the first substrate
according +to the eighth embodiment of the present-
invention.are shown in Fig. 22.

First, the faces of a “éilicdﬁ wafer of n-type

(110) face direction are mlrror—pollshed in order to
form a silicon substrate 65 of a thickness 200 um. . The
silicon substrate 65 is brought under a thermal-~

oxidization treatment of 1100°C for 4 hours in an oxygen

and stean atﬁosphere so as to form sioz membranes 4ia

and 41b of thickness 1 um on_both. the faces of the
silicon substrate 65 (see Fig. 22(a)).

Next,' a photo-resist pattern {not shown)

‘corresponding to thé shapes of the vibrating plafe

{boron ’dobed lavyer) 66, ink cavity 8,_ electrode le.ad_s

(qot shown) is formed on the lower Si0O, membrane 41b,

2

the exposed = portion (part borresponding to the

vibrating - plate, ink 'cavity, leads) of the SiO2

membrane 41b is etched by fluoric acid etching agent,

and the photo-resist pattern is removed (see Fig. 22

(b)).

The exposed Si portion of the silicon substrate 65

.-46 -
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is doped with boron. The freatment method of dopihg
.is_identical with that of the third embodiment and the
boron dopiné layer 66 of a boron density 5 x 1020 ¢p~3
and 'of a dopéd layer thickness 10 'um is formed (see
Fig. 22(c). In order to attain such ‘high denéity of

boron and _high thickness of doped layer, it is

preferable to employ a spin-coating process of 3203

agent and a diffusion process using BN plate of various -

methods descrlbed in the thlrd embodlment above. It i$
possible to employ anyone to atta1n such doped layer
above.

Next, a _'photo—resist pattern (not éhown)
correspopding to the shapes of -emitting chambers 6,
ink cavity 8, and etchihg end detection battern 71 is

formed on  the upper SiO2 | mempnane 4la, the exposed

portions of the SiO2 membrane 41la are etched by fluoric

acid etching agent, and"the.'photo—résist §attern is
removed '(see Fig. 22 (d)). | The pgoto-pesist pattern
corresponding to_the emitting chamber_é has a width 50
um(and apart-distance ffom the neighboring patterﬂ 20.7
um, which are identical with that of the seventh

embodiment.

e

The silicon substrate 65 is brought under an alkali .

arisotrophy  etching treatment. Etching agent .6f KOH

- solution (density: 20 weight %, témperature; 80 oC) was

used. As described above, the etching rates of silicon

alkali etching depend on as shown in Fig. 23 the boron
e - a1 -
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density. With regard to n-'type_silic:on substrates, the

etching process proceeds 'at an etching rate of about
1..5 .,um/niin, however in the boron high density range the
etching rate lowers to about 0.01 um/min.

| Becéuse the thickness (designed value) of the

vibrating plate 5 is 10 um, it is sufficient to etch

" and remove only 190 um of the total thickness 200 um

of the silicon substrate 65 in order to form the

emitting chambers 6 and the ink cavity 8. In practide,

it is difficult to make . the thickness of the vibrating

plates 5 uniform since fche thickness values of “the

‘'silicon substrates 65 distribute in some r_ange- (+ 1 to 2

S um).

' According to the eighth embodiment, the process
mentioned below can form the thickness to the vibrating
plates co':j_i'ectly. . |

It is necessary.to etch the silicon subétrate for
about 126 minutes 40 seconds calculated in order_ to
etch and remove 190 um of =a thiékness of the silicon
su(-‘bstrate_. In order to etch a' thickness 10 um, an

etching step for about 6 min 40 sSec. is necessary.

Consequently, in order to etch and remove 200 um

thickness, a total ‘f:ime of 133 min 20 sec. is needed.

On the silicon substrate of the condition shown in :

. Fig. 22 (d), an etch_ing step of total time of about 133

min 20 sec. using the etching agent i.s done. After a
start of the etching process and about 126 min. 40 sec.

- A8 -
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- is elapsed, about 190 um of etching is done on the

emitting chamber and the face on etching (not shown)

reaches about almost a. boundary of the boron doped.

layer 66 or the boundary itself. While, on the etching
end detection pattern 71, similarly about 190 um has
been etched. Continuously, an etching of about 6 min 4(_)
sec. is carried out. If.the etching face or front does

not reach_the boron doped layer 66, it proceeds at an

etching rate of similarly 1.5 um/min” When the etchimg .

front reaches the boron doped l'a;}—e?: 66, the etching rate.

suddenly drops to about 0.01 um/min, consequently only
about 6 mih at most of the etching time -lehgth cannot
etch the boron doped layer 66 obtaining the vibrating

plate having a boron doped layer of thickness 10 um. On

the contrary, on the etching end detection pattern 71,

§imilar1y' the etching step advances at an etching rate

of' gbout 1.5 um/min. At last after the et'chirig for a

total time of about 133 min 20 sec, é fhgough hole 72

-is formed.
( ' As - described above, the etching time necessary to
make the through hole is distributed owing to various

thicknesses of +the silicon substrate 65, so it is

——p—

necéssary ‘to ‘detect when the through hole 72 is

completed at the time of .about 133 min being elapsed
after the etchﬁng starts through wvarious means (for
example, seeing observation of the operétor, applying a
laser beam on the etching end detection pattern from a
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thi_ckness',' it is the most preferable method to use BBr

side of the pattern énd receiving the laser beam by a
light 'réceiving element placed on another side of the

pattern when the-th;c-'ough_ hole is completed) (see Fig.

22(e)).

Next, similar to that of the third embodiment, a

pattern machining for restricting the distances between

electrodes formed on the -second substrates is cérried-

out so as to obtain the first substrate 1.

Notwithstanding that the silicon “substrate 65 “Has

various thicknesses portion by péggion of the substrate

(+ 1 to 2 um), the vibrating plate 5 formed by tﬁe

- process about has a precision of 10 + 0.1 um. .Such

error or allowance of + 0.1 um seems that it depends on

distribution of the boron doping depth, and does not

depend on the distribution Qf_ the alkali etdhing

results. -

According to the eighth embodiment of the ink jét

head, the precision of the thickness of boron doped

layer determines the thickness ©precision of the

vil?rating plate. In order to obtain the correct

. thickness precision in the range of ~ about 10 um

of the diffusion source. ‘However, if the treatment
condition is made to the most suitable one, other
1.n'ethods cén be used to attain the doped thickness
prec:Ls:Lon correspondlng to that obtained by the method
of BBr diffusion source.

- 80 -
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Aécording to tﬁe.eighth-emﬁodiment, simultaheousiy
with the boron doping step for the vibrating plate, the
doping is done to the leads continﬁogs td the vibrating
pléte. ~ Because that the-driving_electfodes having the

structure identical with the vibrating plate of the

fourth embodiment and correspbnding to each - vibrating

plate of high density boroh,doped portions are formed,

it is possible also to attain an improvement of the

driving frequenéy.

In addition, sccording to the eighth embodiment, n-
type substrate is- used fgﬁ the silicon substrate,
however if p-type substréte is used for the silicon one,

it is possible ‘to form the boron doped vibrating

plates.

The substrates anode-junction methods of - the
present invention will be explained with reference to

the following embodiments 9 to 12.

(Embodiment 9)

( Fig.24 shows an outline of the ninth embodiment of

the ' anode bonding method acfording to the present

invention.. It shows a section of a bonding apparatus

used to the method™ and of the substrates while they are

‘bonding. Fig. 25 is a plan view of the bonding

apparatus.
The ninth embodiment shown relates to an anode

bonding method ' for bonding or the first

] tin
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silicon substrate 1 and the second boro-silicated glass
substrate 2.
The bonding apparatus of the ninth embodiment

censists of an anode boﬁding electrode plate 111 to be

connected to a plus side of a power soﬁ:ce 113, an -

cathode .bonding electrode plate 112, and a terminal

plate 115 protruding from the anode bonding electrode

plate 111 through a spring 114. Gold plating is

applled on the surfaces of the anode bonding electrode

plate 111 and the cathode bond;ng electrode plate 112 in

order to decrease contact resistance of the surfaces.

The terminal plate 115 is constructed by a single
contact plate in order to equalize in potential a

plurality of electrodes 21. on the boro-silicated glass

- substrate 2, and the_silicon suQstrate 1. The terminal

' plate 115 is connected to the anode bonding electrode

plate 111 by mens of the spring 114 and the spring keeps

the terminal plate 115 in its suitable contadt pressure

with the electrode 21. The terminal plate 115 comes to

co?tact with the terminal portion 23 of the electrode

21, S " | '

The silicon -substrate 1 and :the boro;silicated
glass substrate .2 are aligned and -in detail the
vibrating plate 5 and the electrode 21, respectively
foi'med thereon are 'al'igned by an aligner device (not
shown) after'they are washed and then they are set as
shown in Fig. 24 and Fig. 25. The electrode ~ 21, and
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the electrode plates 111 and 112 are 'placed in nitrogen
gas atmosphere in order tc; prevent the surfaces of thém
from being oxidized.

During the anodé bouding method, first both the
substrates- 1 and 2 are heated. In order to prevent tl'xa
boro-silicated glass substrate 2 from breakino due to
sudden. rise of tempera'ture, . it is necessary to heat it —=—
gradually to 300 °C for about 20 min. Next, the power
source 113 impresses 500V voltage for’ about 20 min so) as

to bond both the substrates 1 and-— _2 During the anode B
bonding method, Na ions in the boro-silicated glass-
substrate 2.move_and current ‘flow through the substrate

2. It is possible to judge the joined condition of
them: wheri théy are connected because a value ,'of_current
decreases. In order'- to prevent. strain-crack due to
thermal Gonductivities of both the substrates 1 and 2
after they are connected, it is neoessary to cool them .
gradually for about 20 min. |

It is possible to prevent discharging and electric
field dispersion when the te'rminal plate 1l5 .and the
spring-114 decreases the poteritial difference bhetween
the electrode 21 and vzbratzng plate 5 makang electric
field disappear. A_s a result, a large current does not
flow between the electrode 21 and the vibrating plate 5
preventing the eléctrode 21 from me'lting. Also, because
that static electricity attractive _force due to electric
_field does not function in the _vibrating plate 5, no

- 53 -~

This Sheet Has Been Reﬂlaced




remaining stress is generated in the vibrating plate 5
after the pl'ate 5 is secured through ité circumference.
The dielectric membrane 24 is charged when
transformation of electric charge from the vibx_'a‘ting
plate 5. In electric _field, the dielectric membrane 24
receives stati_c ele_cfricity attractive force along a
direction of the vibrating plate 5 and peeled off. When
the ‘electrode 21 and the vibrating plate 5 are made
equal in their potential, it ié_possiblg té) prevent “the

-

dielectric membrane 24 from beihd mpZéled Off.

(Embodiment 10)

-Fig. 26 is an outline view of another embodiment of

the anode bonding method according to the present
invention an.d a ‘section of both?tbe substrates in their
bonding pxjdcedure a_nd- a bonding apparatus used to the
anode bonding appératus. Fig;ZZ is a plan view qf the
bonding - apparatus.

According to the .ten"ch embodimént of the ink jet
hefd'of thé present i;wention, terminal 116 respectix;ely
'cc-msisting .of coil springs are used and the terminal
plates contact with respective electrodes 21. Other
structure of the . embodiment than that &bove is
identical with that shown in Fig. 24.

The terminals 116 are made of SUS which is durable
to high. temperature. Ordinarily, a material SUS is not
preferable to be used as terminal material because it

_5.4—

This Sheet Has Been R<ﬂ

T

———mm—



has 'resisténce on the surface having oxidized films.
However, .in thé anode bondipg,_ it is purpose of
applying high-voltage and making them equal potential,
so that it is possible to dbtain'good results if a value
bf curreht is low. When .respective terminals 16 are
iﬁdependenticoii sprinés,'it is possible to prevent the
substrates from curving due_ to being heated when the

-anode bonding process and these terminals 16 from not

being led to the electrode 21 due to Wafg_terminal, ——

(Embodiment 11)

"Fig. 28 shows a plan view of the anode bonding

apparatus acéording to another embodiment of the present

invention. Fig. 29'is a plan view showing an arrangement
relation of the electrode on the_ second substrate and
the common electfodeﬂ - In Fig. 29, the dielectric
membrane is.omittedi '

According to the eleventh embodiment, a photo-
iithography uses a batch treatment system in order to
_foim simulténeously a plurality 'of_electrodes 21 for a
plural sets (iﬂ_the embodiment, it is two) of ink jet
~ heads and respectively electrode 21 for the plural sets
on a single _borp-silicaied glass substrate 2A. The
common elgctrode 120.has lead portion§.121a and 121b fo
be' connected to the terminal portion‘ 23 of =all the
electrodes 21 of respective séts. In addition;.a single
silicon substrate (not shown) to be connected to the

Thllsllslliileltli{iilfmllleil




bofo-ailicatéd glass substrate 2A has a plurality of
‘sets of elements (nozzle, emitting chamber, vibrating
plate, ofifice,'ink cavity) having_fhe structufea shown’

in Fig. 24 and Fig.jZG, feépectiﬁe sets beiﬁg placad

at the corresponding positions.' Then, in’ the .joining
step, a aipgle_termiﬁal 116 consisting of a coil spring
shown in Fig. 26 comes to contact with the common —=—,_

electrode 120 in order to lead it to the anode-side'

- Pl . e

joining electrode plate 111.

Conaequehtly, it is-possiblaz¥g make all electrodes-”
21 and all vibratin§ plates of respective sets equal to
each other in potential obtaining the same effect .as
that of the embodiments above. |

After they are connected, they are cut by diesing

(phonetic) per each ink jet_ head and the common

electrodes 120 are cut off from the electrodes 21 of
respective sets through ‘the connecting ends of 1lead
portions 121a and 121b..

(EFbodlment 12)

——-

Fig. 30 is a section of an anode bonding . apparatus
accofding to other embodiment of the present invention.
According. to the twelfth embodiment, three

substrates 1, 2 and 3 are simultaneously anode-bonding

to each other. The first substrate 1 is a silicon 6ne,

and the second and third substrate 2 and 3 are.boro—

silicated ones. The third . substrate 3 function merely

_56_
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aits'_ a 1id of nozzle holes 4, emitting chamber 6, oiifice'
'1, ink cavity 8. It is 'enoughl‘to.make .the.third
'.sﬁri)_sltrate 3 of a material of less joining precision than
that of boro-silicated g.l.ass'- substrate, so that soda
glass joining is sufficient. Whén the third substrate,

however, is ~made of boro-silicated glass, it is

possible to improve its reliability. —e—r
. And, | in accordance with the twelfth _embodiment of
_the ink je-t. head of .1-:he' present in¥ention, upper “&nd’
lower Jjoining electrode plate';mml::l.ll and ; 112 to }:xe-'~
' contacted with the second and thifd boro-silicated glass
| lsubstr‘a'tes 2 and 3 are connected to a minus side of thé
_power éource _113,- the first silicon substraté,l and the
electrode 21 on the boro-silicét’ed glla"s's substrate 2 are
connected to a plus or 'positig_e, of the power source
113, and  they afe simulfaneously anode bo.nding.' As a
result, according to .the siinultaneéus anode bondihg_
" process, it is possible to reducé the time used to .heat
 and gradual cool the substrates 1, 2 and 3 'shc;i't.ening
.lad:-gelfz t%1e bénd_ing time of them. Additionally, as .
de‘s.cribed in regard to- the' ninth embodimént and
‘eleventh embodiment above; - it is possible to pro_.tect
th’éﬁ._sur'fad_ce. on the silicon substrate 1 from ‘being
~ poluted by direct con_tac_:f with "the wupper bonding

eléctrode plate 111.
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In the +thirteenth embodiment and fourteenth the

embodiment below, structures preventing dust from

invading -into ‘the gap . portion formed as described

‘above. Here, a .static electricity actuator is

examplified, however it is possible to use the same
structure when.an ink jet head is.employed. | |
(Embodiment 13)

Fig. 31. is a section of a _static electricity

actuator of the thirteenth embod:ment of the present

' 1nvent:Lon. F:Lg 32 is its plan v:l.ew.

As apparent from the previous embodiments, the
First substrate 1 and the second substrate 2 are
directly Si bonding or anode bonding - with the
predetermined gap length. Because a temperature' when
the anode bonding or bonding'pgocess is done is high,
air in thé gap portion 16 expands. When‘a{r temperature
iowers to the_ room temperature after the connectien,

the' pressure in the gap portion 16 lowers than the

. atmosphere, so the V1brat1ng plate 5 bends toward the

-

electrode 21 becomlng into contact with the electrode 21
and .being short-circuited, or more dlsadvantageously
unnecessary-stress being'given'to the vibrating plate 5.
When the gap portien 16 is open to the atmosphere in

order +to preuent.such disadvantageous effects and kept

at such open connition, static electricity in the gap

portion and the surrounding mechanism sucks dust. As a

result, such dust is attached to the electrode 21

'changing a vibration characteristic of the vibrating
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I stmtacrern

- passage 18.

"plate 5.

In order to solve such problem above, the gap

portion 16 of the ink jet head of the thirteenth

‘embodiment of the present invention, the gap portion 16

is open to the atmosphere through the paésage 18, as

well as outlet ports 19a and 19b of the passage 18 are

sealed by sealer agent 20 of'epoxy- and the like which-——

has a high viscosity when the sﬁbstrates 1 and 2 are

cooled to the room temperature after they are anddé-

' bonding.

The reference numerals 23 is.a'tefminal portion of
the electrode 23, 41 means SiO2 membrane of a diélectric

membrane_ formed ©on the substrate 1, 102 is an

" oscillation circuit, and 106 is a metal membrane formed

to connect one terminal of the_ oscillation circuit 102

to the substrate 1. The passage 18 extends. surround
the electrode 21.
Because that the silicon substrate constituting the

substrate 1 has a high thermal. conductivity, the sealer

: iﬁ made of fhermal plastic resin and the pressure in thé

gap po;tion does not "risé. Because that the sealing

———r—

membér 20 has a high viscosity, it fails to flow-in the

Consequently, " according to the thirteenth
embodiment of the present invention, the gap portion 16
is open or led to the atmosphére through the passage.ls
while an anode bonding, so that any heating of the anode-

- 59 -

This Sheet Has Been Reﬂl ced




bonding operation fails to raise the pressure in the gap
portion. 16. Afier anode~bondin§ ié. finished and the
temberature lowers to the room temperature, the sealing
meﬁber 20 seals the outlet of the pessagefia preventing
dust from invading the gap portion 16 and the problems
.above happening. |
The aforesaid effect is available if a gaseous_body
such as nitrogen, argon, etc. 1is enclosed in said gap
porfion 16 when it -is sealed. - ' —
(Embodiment 14) i
Fig. 33 is a. section of the static electricity
.?écihétpr according to.another.embodiment of the present
invention.
| "According to the fourteenth embodiment, the static
electricity actuator has a' second electrode 46 placed

under the vibrating plate 5 so as to oppose to the

electrode 21. Tﬁé second electroéé 46 is madé of Cr
or Au thin membrane.
The static electricity actuator functions as a
. capacitor. When a V volt is 1mpressed to the opposed
electrodes 21 and 46, Vc_ of the voltage between'“;he.
opposed electrodes 21 and 46 raised when they are
'charged and discharged is shown below:
Ve = V (1 - exp (—t/T) ' charéing time
Ve = V exp (—t/T) discharging time
" Wherein T: time constant. |
It is apparent from the equations above that they
N
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. are exponential funﬁtioné. When the time constant I is
large, rising lspeed of Vc is made slow. The time
constant T is given by. aﬁ _equafion RC (wherein the
resisténce is R and static eléctricit§ capacifpr is c).

Because a resistance of silicon is higher ‘than metals,

the electroce 46 of Cr or Au thin membrane haéing iow

resistance is used as a vibrating plate 5 so as to .

dfivé the ink jet head at a high speed. When the time

constant is made low, responsibility of the actuator

. improves.

(Embodiment 15)

Fig. 34 shows  a section of the ink  Jjet head
agqofding to still aﬁother - embodiment of the presént
invention. - | - -

In the fiffeenth embodiment, - the gap G to be

formed under  the §ibfating plate '5. is .kept by a

thickness of photo—sgnsitive resin layer or adhesive .

agent layer 200. That is, patterns of the photo-
sefitive resin layer or édhesi;e agent - layer - 200 aré
are printed around the electrode 21 of the second
substrate 2 and bofh the second substrate 2 and the
first substrate l_aré adhered to each other_ﬁaking a
lamination. ;n practice, soda glass is used as the
_sécohd subs;rate 2 and it is constructed as described

on the second embodiment.

~A photo~sénsitive polyimid is used as a photo-
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'sensitiire. resin and it is printed around the electrode

21 of the second substrate 2 with 1its thickness/m_
forming the . pattern .200 of photo—sens;t:we resin 1aye'r.
while, eimilar tO that of the second embodlment, the
pottom face of the first silicon substrate 1 is p_lanelv
polished and the first substrate 1 and second'substrat'e

5 are laminated. 'as a result., when the photo-—sensitive_..-_--—_____

resin is used, ' the' gap jength G between the vibratin'g-

. plate 5 and the electrode 21 is 1.4 um. . Wheh—an
1 edhesive agent of epoxy pond 1s—1—1sed, +he its th:cknessm
; G is 1.5 um, and . the substrates" 1 and 2 are.

lam:nated at @& temperature 100 C. in this case, the
gap jength G is 8 1ittle less than 1.§ um. .~ When

adhesive agent is used, it is " necessary to press the
substrate 1 and other substrate, 2, so the gap length G

decrease_s' dlfferzng from that of the photo——sensitive

It is poss:.ble to use such gap holding ' means of
photo-—sens:Lt:Lve res:.n and adhesive agent keeping the
piedetermlned length ©OF thickness of the gap- 1t is
noted that the ink 3et head of the present’ jpvention

 using ‘such gap nolding mean scan be driven by a low
v;oltage identical-_' with that of; the second embodiment
_ attaining @ good prznt;ng result. N

‘Not only poly;mld put also other. materials of

photo-—sensitive resin such as acryl. epoxy and the.like

can Dbe used. '_I'emperature of thermal rreatment is

/

" ”\‘““‘
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ous resins.

| i f vari
‘ e xind ©
gontrolled according ro th e R x
. dhesive agents, acryli. 0. ] |
- e b used.

Wwith regard - - )
P £ | various materials
silicon o .

( -

L%
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CLAIMS
1. An ink jet head comprising one or more nozzles (4)
for ejecting ink drops, a respective ejecting chamber (6)

connected to the or each said. nozzle (4), a vibrating
plate (5) constituting at least one wall of the ejectlng
chamber (6), and a driving means for generating —a—=.
deformation in said vibrating plate, characterised in that
said driving rmeans is -an electrode (21) for
static-electrically deforming the vibrating plate (5) and
in that said vibrating plate (5) and said electrode (21)
are spaced by a distance of at least 0.05 um and no more j
than 2.0 um.

2. An ink jet head according to claim 1, characterised
in that said distance is defined by a dent (15) forming a
vibrating chamber (9) in a first substrate (1).

3. An ink jet head according to claim 1, characterised
in that said distance is defined by a dent (15) for
mounting an electrode (21) formed in a second substrate
(2).

RERYY

4. An ink jet " head according to any one of -the
preceding claims, characpérised in that a first substrate
(1) and a second substrate (2) each comprise single
crystal silicon substrates and the distance defining means

is constituted by a gap spacer of a 8i0, membrane
previously formed on at least one face of facing portions - -
25 of the substrates. '

5. An ink jet head according to claim 4, characterised

in that said Si0, membrane is a thermally oxidized .,
membrane of silicon. :

T, ~—
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. 5- An ink.jet head according to claiﬁfA, characterised

in that said $i0, membrane is formed by a spattering
process, CVD process, vaporing process; ion-plating
process, sol4gel process, thermal oxidation process' or
organic silicon composition sintering process.

. 7. An ink jet head according to claim 4, characterised
in that said electrode (21) comprises p-type or n-type s

impurities.

8. An ink Jet - head according to any ‘one of the
preceding claims, characterised in that said electrode
(21) is covered by an dielectric membrane (24) leaving a
space between the electrode (21) and the vibrating plate
(5).

9. @ An ink Jjet head according to any one of the
preceding claims, characterised in that said vibrating
plate (5) has a second electrode integrally formed on the
vibrating plate so as to f£ill said distance.

10.  An ink jet heéd according to claim 9, characterised
in that said second electrode comprises a p—type or n—type
impurity.

11. An ink jet head according to claim 1, characterised

in that a boro-silicate glass thin membrane prevn.ously,

formed on at least one face of an attaching portion of the
first substrate or the second substrate is used as a gap
spacer for maintaining said distance.

12. An ink jet head according to claim 11,
characterised in that the boro-silicate glass thin
membrane is formed by a spattering method.

NN o
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13, An ink~jet head according to claim 1, characterised

'in that said vibrating plate (5) comprises a n-type
impurity layer. o '

14. An ink jet head according to claim 1, characterised
5 in that said vibrating plate (5) comprises a p-type.
impurity layer of high density. -

15. An ink jet head according to claim 9, characteris&d ™=

in that a driving wiring layer including the second

electrode comprises' a p-type impurity layer of._high
10 density. .

le6. An ink jet head aécording to any one of claims 4 to
15, characterised in that said first substrate (1) is a
silicon substrate of c:ystal face direction (110).

17. An ink jet head according to any one of claims 4 to

15 16, characterised in that said first substrate (1) is a
p~type silicon substrate of which n-type impurity layer is
epitaxially grown.

18. An ink jet head according to claim 1, characterised
in that a zone forming said distance between the vibrating
*z_-.;. 20 plate (5) and an electrode (21) connects with a passage
oo led to the outside before the first substrate (1) having
the vibrating plate (5) formed thereon, and a second
substrate (2) having an electrode (21) formed thereon is
anode bonded thereto and the outlet of the passage is
25 sealed by a sealing member after the anode~bonding
process.

19. - An ink Jjet head according to claim 1, characterised

in  that the distance maintenance means is a

photo-sensitive resin layer or an adhesive agent layer
30 formed patternly around the electrode.

—_—
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20. An ink jet head according to claim 8, characterised

- 67 -~

in that said dielectric membrane is made of silicon oxide,
boro-silicate glass or silicone compound.

21. An ink jet head according to <claim 18,
5 characterised in that said zone is filled with gas,
preferably air, nitrogen or argon.

——

22.  An ink jet printing machine including an ink jet
head according to any one of the preceding claims.

23, A method of manufacturlng an ink Jjet head,
10 characterised in that it comprises’ the steps of petterning
a SiO2 membrane of a predetermined thickness on a face of
a first silicon substrate forming a vibrating plate except
a part for the vibrating plate, or patterning a SiO2

membrane of a predetermined thickness on an opposing face
15° . of a second silicon substrate forming an electrode except

a part for the electrode, and anode~joining by a Si direct
joining method for the first silicon substrate and the
second silicon substrate through the SiO2 membrane.

24. A method according to claim 23, characterised in

20 that it comprises. the further step of £forming the

- vibrating plate bj carrying out an alkali anisotrophy_
etching process on the first silicon substrate.

25. A method according to claim 23, characterised in
that it comprises a further step of forming the electrode
25 of p-type or n-type impurity by doping said second silicon
substrate.

26. A method as claimed in either claim 23 or claim 24,
characterised in that it includes the steps of forming
n-type impurity on the p-type silicon substrate, and

L
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forming a vibrating plate by applying an eiectric-chemical
anistrophy etching step on the silicon substrate.

27. . A method for anode-bonding a first substrate having
a vibrating plate formed thereon and a sécondHSUbStrate

5 having an electrode for driving the vibrating plate, said
electrode being formed on said second substrate,
characterised in that it comprises a step of controlling a
potential difference betwen the vibrating plate and the=-
electrode to decrease the potential difference during the

10 anode-bonding process. -

28. A method according to claim 27, characterised in
that the potential of the electrode is made equal to that
of the vibrating plate.

.29, A method for anode~bonding a first substrate on
15 which a vibrating plate is formed and a second substrate
on which is formed an electrode for driving the vibfating
plate, characterised in that it comprises the steps of
forming a common electrode to be connected to respective
electrodes on the second substrate, controlling the"
20 potential différeance between said vibrating plate and the
common electrode to de¢réase the potential difference
during the anode bonding process, and separating the
common electrode from the electrode after the anode

PR

bonding process.
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