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1. Title of· the Invention 
DATE OF RECEIPT .................................. . 

INK JET HE~D AND MANUFACTURING METHOD THEREOF 

·2. Background of the Inventjon --.-::----..,.._ 

(a) Field of the Invention 

The present. invention relates to·:·an ink jet head ·-of 

r-: ,:~ an important portion of an ink jet recording apparatus, 

..... :· 

·L, .. ~ 

r :,.,-,_:,•,• •. 

having its .drive system of static electricity, for ., 

outletting ink drops when a recording is necessary.and 

attaching the drops onto a recording paper face, and 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 recording apparatus has many merits or 

advantages, such as very small sound during a recording, 
. 

h;igh speed printing, 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 · ~~k drops only when recording .. is 

necessary mainly has been employed because it is not 

nece$sary to recover ink ~rops not used to the 

recording. 

According to Patent Laid-Open Publication No. 1990-

- 1 -

il1ili1i1iiHii 



I 

•··.''. 
~ .... ·:.· 

.j­

' 

I 
t 
t 

.... 

~51734; the ink jet head of an ink-on-demand has a drive 

~means using a piezoelectric element. AccordiI?-g to 

Patent Laid-Open Publication No. 1986-59911,· the ink jet 

bead heats ink and generates bubbles and pressure 

making ink drops emit. 

The conventional ink jet head mentioned above bas 

problems below. 

According to the ink jet heaQ. using a 

piezoelectric element, it is-.-nece~sary to carry out--· a 

complicated process of attaching a ·chip of 

piezoelectric element to the vibrating plates used to 

.generate pressure in a pressure · chamber in a 

manufacturing process tbe ink jet head. In particular, 

the recent ink jet recording apparatus necessitates a 

printing of a high speed and a_hjgh 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 a high density of the-noz~le necessitating 

a fine manufacturing of piezoelectric elements and 

..-~\tachment of .. the fine elements to respective vibrating 

plates. These processes are very . troublesome and time 

consuming. 

In or9-er to make the nozzles of a .. high density, ·· 

it ·. has been necessary to manufacture the 

piezoelectricity elements at the order of several tens 

micron meter to ten hundreds micron meter. It has been 

di ff icul t to make dispersion or scattering of printing 
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quality smal 1 as soon as possible by means of the 

conventional machine processing. 

According to the :ink heating system above, the 

drive means is· constructed by a thin membrane 

resistance heater element having no problem of the 

conventional pie.zoelectrici ty element apparatus above. 

However, the drive -means is suffered or damaged by high----=-::.. . -~ 

speed repetition of heating . and cooling and shock of 

bursting bubbles shortening a 1 i fe-fime of the ink .. '-~j"et 

. head . 

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 . el,ectricity force. The 

apparatus· has merits· of printings of high density, higJ:l 

quality and of a smal,1 size and a long lifetime. 

However, the ink jet h:ead recording apparatus of 

the application has problems to be. solved in order to 

s\ill improve such merits_ above. 

The first problem concerns a vibrating plate 

constituting an ink limiting or discharging chamber,· and 

~ gap between the vibrating· pla1;e and an elec-t·rode for 
. 

driving the vibrating plate. According to the ink drop 

emitting system using static .electricity, emitting 

pressure to be generated by the same pressure is very 

low comparing to that of the jet head of piezoelectric 
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element. In addition, because generated pressure is 

proportional to a square of an inverse number of the gap 

distance, ·it is necessary; in order to prevent printing 

quality from scattering, to hold the size of gap in the 

predetermined range with a very high precision. 

The second problem concerns size precision of the 

vibrating piate. Emitting ppessure is proportional to a_,,_~­

cube of the thickness of the vibrating plate. When a 

square-shaped vibrating plate is used, emitting 

... 

pressure is proportional to fifth power of an inverse. 

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 very much. 

The third problem concer.I,!S ... a head manufacturi;ig 

method for realizing or attaining a size precision of 

the high precised gap and the ~ibrating plate mentioned 

above. An an9de ~onding me~hod
 has been used to · joirit 

the substrates of such kind to each other. According to 

t~e · anode connecting method, a boro-silicated gas 

.. 
substrate is connected to a cathode side, and a ·silicon 

substrate provided with nozzl~s and the vibrating plate 

is connected to an an_ode side and a SOOV voltage is· 

impressed to them at a temperature 300°c. At the 

. 0 

temperature of 300 C, Na ions contained· in the boro-

silicated glass move to cathode side by an electric 

field, thereby a v_ery strong static electricity 
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~ attractive force is generated between the boro-silicated 

glass andthe silicon and they are contacted. e--
However, 

through a · space between the ele.ctrode and · the 

vibrating plate, a large current instantly tlows due to 

dielectric break of gas and electric field. Then there 

are posibility as that the electrode melts and the melt 
. . 

is attached to the vibratiqg plate generating a short -- -~:..,,., 

circuit. In addition, when they are· 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 vibrating plate is fixed 

through its circumference after it is deformed due to 

the electric field generated whiie an anode connecting. 

As a result, remaining stress is generated changing 

natural frequency of _respectiv~ _vibrating_ plates and, 

consequently, -an ink emitting characteristic, or the 

dielectric membrane material on the electrode is pulled 

along the direction of vibrat~ng 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 purp~se 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 
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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 purpose·· of the present invention to 

provide an ink jet head and a manufacturing method 

thereof, wherein the gap portion and the viblating plate 

or tpe head have very high size precision, thereby it is 

possible to attain a compact .and high density mechanism. ·-,·-=-:-_ 

It is still another purpose of the present 

invention to provide ·an ink jet :tiead of a priri.t"er, 

wherein a prohibition or sealing 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 jet· head of the present 

invention, it has a single or .__piural nozzle holes for 

emitting · ink drops, an emitting chamber led to 

respective nozzle holes, a vibrating plate 

constituting at least one wall of the emitting chamber, · 

a drive means for generating a deformation in the 

viprating plate, wherein the drive means consists o~ an .. 
electrode for deforming the vibrating plate by st·atic · 

electricity force. 

Further an opposing _obstacle betwaen the vibrating 

plate and the electrode is made 0.05 .um 

0.05 um, and 2.0 um or less than 2.0 um. 

or more · than 

Additionally,. tl:le opposing distance holding means 

of the ink jet head of the present invention is a dent 
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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. 

According to another mode or embodiment of the 

present invention, the first substrate and the .second 

substrate, respectively ~r~ m~no-crystal silicon~ ... -

substrates, and a Si02 membrane formed on at least one 

face of the connecting portion ·of both substr·ates 

constitutes a holding means for the opposing gap or 

distance. 

It is possible to make the Si02 membrane by thermal · 

oxidized membrane of silicon, or the Si02 membrane can 

be produced by spattering process a sintering process 

of inorge1:nic silicon compou11.d... or a CVD proces~ 

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 

p1esent invention, the electrode is covered by a 
: .. 
dielectric membrane with a gap formed between the 

electrode and the vibrating plate. 

Ac_~ording to the preferable :in ode of the 

manufacturing method of the ink jet head of the present 

invention,· the method comprises at least one of the 

steps of pattern-forming of membrane of ·a 

predetermined thickness on the connecting face of the. 
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--,.. first .silicon substrate ·forming the vibrating plate 

excepting its part for the vibrating plate, and of 

pattern-forming of Si02 . membrane of a predetermined -

thickness on the .connecting fac.e ·of the second silico~ 

substrate forming the electrode excepting its part for 

the electrode, and of anode connecting the first and the 

second silicon ·substrates tprough the 510 membrane by.~ .. -=-
. . -:-..-

means of a Si direct connecting process. 

According to another embodiment ·of the ink jet head 

manufacturing method of the present 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 manufacturing · the 

electrode consisting of p~type or n-type impurities by 

carrying out a doping on the sec9n9 silicon substrate. 

According to still another embodiment of the ink 

jet head of the p+esent invention, the ink jet head has 

~~e second electrode integrally formed in the vibrating 

plate so as to keep the gap between the opposing 

d'~tance 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 inve?t.~on, the gap distance holding me~ns 

of the head is a gap spacer· formed by a boro-silicated 

glass membrane previously formed on at least one face 

of the connecting portion of the first and the second 

substrates. The boro-silicated glass membrane is 
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produced by a spattering process. 

According to still another embodiment of the ink 

jet head of the present. invention, the vibrating plate 

is formed by a n-type impurities layer or a high 

density p-type impurities layer .. ·A driving wiring 

layer containing the· second electrode is formed by a 

high .density p-type impuriti~s layer. 

According to still another embodiment of ·the ink 

jet head of the present invention, the first substra'te 

is a silicon substrate of crystal face direction (110) 

and made by epitaxially grow;ng a n-type impurities 

layer on a p-type silicon substrate. 

Another embodiment of the ink jet manufacturing 

method has a step of forming a n-type impurity ·layer 

on a p-type silicon substrate.! ...and .a step of forming 

the vibra·ting plate by carrying out an electric chemical 

anisotropy etching process on the silicon substrate. 

According to still another embod~ment of the ink 

jet head manufacturing method of the present invention, 

t~~ anode bonding method for bonding the first substrate 

having the vibrating plate formed thereon to the second 

substrate having the electrode formed thereon so as to 

drive the _yibrating plate has a step for c;:ontrolling in ·· 

a manner that a voltage difference between the vibrating 

plate and the electrode when the anode bonding process 

is done. A potential of the electrode .is made 

identical with that of the vibrating plate. 
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J According to still another embodimefit of the ink 

jet head manufacturing method of the present invention, 
::: 

the annode bonding process for anode bonding the first 

substrate having the vibrating plate formed the~eon and 

the second substrate having the electrode driving the 

vibrating plate comprises a step_ for forming a common 

electrode adapted to be connected to respective ----~:,,.. 

electrode on . the second· substrate, a step for 

controlling or decreasing a·- -potential between ··the 

~~~ vibrating plate and the common ""electrode when these 

first ·and second substrates are anode-connected, and a 

st~p for separating the common electrode from ~he 

electrode driving the vibrating plate after the anode-

connecting process. 

According to another embodtm~nt of the ink jet head 

of the present invention, the gap between the vibrating 

plate and the electrode has a passage led to the 

outside before the first substrate provided with the 

•'~··· . , 
... ~ .. · 

vibrating plate formed thereon and the second substrate 

pr(.'vided with the electrode are anode bonding and the 

outlet of the passage is sealed by the sealing member 

after the anode connection process is done. 

According to still 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 of .a pattern around the electrode. 

According to the ink jet head of the present 
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invention, impressing a pulse voltage to the electrode 

functions static electribity. atira6tiv• force or 

repelling force between- .the 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 distance 

between the vibrating plat~ and the electrode, it is-.. ~_ 

possible to drive the irik jet head with a low voltage, 

and emitting speed and emitting -volume of ink drops ····,are 

stable attaining very high quality 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 when the lengt_h .!_s ... less than o_.05 um,_ and 

the.vibrating plate contact with the electrode breaking 

the electrode~ 

The reason why the gap length is 2. 0 .um · or less 

than that is caused by driving voltage. If the· length 

is more than 2 • Oum, 
\. 

it is impossible to attain 

substantive .. high capacity of the ink j_et head. 

As a means for holding the gap length restricted as 

described above, t}lere are a deht for the vibrating 

chamber, a dent for mounting the electrode, Si02 
membrane formed on the connecting face of the 

substrate to be connected, boro-silicated glass 

membrane, or photo-sensitive resin 1 ayer or adhesive 
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I r- agent layer. The necessary gap length is held by these 

! 
l dents or membranes. 
i 
I In particular, SiO membrane or boro-silicated glass 

.membrane is used, it is possible to control the 

thickness the membrane with a high precision and to 

equalize the vibration characteristic of the vibrating 

plate resulting accordingly. in a uniformed quality of-.. --:,._ 

printing. 

Also, because of the second electrode is integral1y 

0> formed on the vibrating plat.a,· ·efectric resistance of 

the second electrode lowers improving driving frequency 

·of the ink jet head of the present invention and 

resulting in a high speed printing. 

Still also, when the first substrate forming the 

vibrating plate is formed by._a ... silicon s~strate 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.miniaturize 

the pitch distance of the nozzles, and to attain a 

s~all and high density of the ink jet head . .. 
Due to the ·fact that the vibrating ~late is made of 

a high density p-type impurity layer, it is possible to 

improve . the ~riving freque~cy and crosstalk of the ink 

jet head. 

Additionally, when the potential between the 

vibrating plate and the electrode is controlled to 

lower, for example to equalize both potentials of them 
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during an anode connection between the first substrate 

provided with the vibrating plate formed thereon and the 

second substrate provided. with 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 ele-ctrode melting · -and 

remaining .stress of the vibrating plate is fortunately 

pr~hibited from happening. 

Due to a formation of the passage on the gap 

portion 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 ~? heating process of 

the anode-connection from rising, keep the gap length at 

the predetermined one, and prevent a generation of 

remaining · stress. in the vibrating· plate and a contact . 

between the vibrating plate and electrode. In addition, 

t~.e outlet of the passage is sealed by the sealing 

member after the anode-connect ion process is done and 

the temperature of the whole construction of the ink 

je~ 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 perspective view of the first 
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embodiment of the ink jet head according to the 

present invention; 

. Fig. 2 is a sectional side· elevation ot the first 

embodiment; 

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

Fig. 4 is an exploded perspective view of the 

second embodiment of the in~ jet head according t~ the 

present invention; 

Fig. 5 is a sectional side ~levation of the second 

embodiment; 

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

Fig. 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 per.~p~cti ve view of a part 
-

of the third embodiment of the present invention; 

Fig. 9 is a manufacturing step diagram of the first 

substrate of the th~rd-~mbodiment; 

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

o~ the vibrating plate of the third.embodiment ~ccording 
\, 

to the present inve~tion; 

Fig. 11 is a manufacturing step diagram of the 

second .. substrate of the third embodiment; 

Fig. 12 is a perspective view of the firs·t 

subst~ate of the fourth embodiment of the ink jet head 

accordfng to the present invention; 

Fig. 13 is a manufacturing step diagram of the 
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first substrate of the fourth embodiment; 

Fig. 14 is an exploded perspective view of the ink 

jet head according to . the fifth embodiment of the 

present invention: 

Fig.15 is a manufacturing step diagram of the first 

substrate according to the fifth embodiment; 

Fig. 16 is a persp!51ctive view of the first ""'· -~-

substrate of the ink jet head according to the sixth 

embodiment of the present invention; Fig~ 17 is·--· -a 

manufacturing step diagram of the first substrate 

according to the sixth embodiment of the present 

invention; Fig. 18 is a view showing an electric-

chemical anisotropic etching process to the sixth 

embodiment; Fig. 19 -is a perspective view of the first 

substrate of the ink jet hea_d ._ac.cording to the seventh 

embodimen't of the present invention; Fig. 20 is a 

manufacturing step diagram of the first substrate of 

the seventh embodiment: Fig. 21 is a perspective view of 
" 

the first substrate of the ink jet hea~ according to the 

e~ghth embodiment of the present inv~ntion; Fig. 22 is a ... 
manufacturing step diagram of the first substrate 

according to the eighth embodiment; Fig. 23 is a 

relationship· view of borori density and etching rate at 

an alkali anisotropic -etching process; Fig. 24 is a 

sectional 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 
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connecting apparatus above; Fig 26 is a sectional ·view 

of another embodiment of the anode connecting apparatus 

used in the anode · connecting process according to the 

present invention; Fig. 27 is a plan view of the anode 

connectin.g apparatus shown ·in Fig. 26; Fig. 28 is a 

plan view o~ still another embodiment of the anode 

connecting apparatus used to the anode connecting-···-:..,. 

process according to the present invention; Fig. 29 is 
I . . - . - . 

a plan view of the second substrate·- shown in Fig .···.~28; 

Fig. 30 is a sectional view showing still another 

e~odiment of the anode connecting apparatus ·used to the 

anode connecting process of the present invention; Fig. 

31 is a sectional view of another embodiment of a dust 

prohibition method of the present invention; Fig. 32 is 

a plan view of .the embodiment .~hown in Fig. 31; Fig. 33 

is a sectional view of another embodiment of the dust 

prohibition of , the present invention; Fig .. 34 is a 

sectional view showing ... another embodiment of the 

distance holding means according to the present 

i~vention; and Fig. 35 .. is schematic diagram of the 
. 

printer with the ink jet head of the first embodiment of 

the present invention. 

5. Detailed Explanation of the preferred Embodiments 

Hereinafter, the preferred embodiments of the ink 
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jet head of the present invention will be explained 

with reference to the accompanying drawin·gs. 

(Embodiment 1) 

Fig. 1 is an exploded perspective view showing 

the ink head according to the f ir_st ·embodiment of the 

present invention and a·par~ of the head is shown in a-----

section. The first . embodiment is the ink jet head of 

an edge i~k jet type wherein ink drops emit through--a 

nozzle hole formed at an end portion of the substrate. 

Fig. 2 is a sectional 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 embodiment has a laminated structure of three 

substrates 1, 2 and 3, resp~ctlve_J.y have a construction 

as described below. 

The first middle substrate i is of a sili9on one 

and has a plu?;"ality of ·nozz.le grooves 11 placed at an 

end of the face of the substrate 1 and at a regular 

i~terval in paral~el to each other ending with plurality 
.. 

of nozzle holes 4, a· plurality of dents or· _concave 

poJ;tions 12 constituting emitting chambers 6 
.. 

respectively . led to each nozzle grooves 11 and having 

their bottom walls of the vibrating plates 5, a 

plurality of their grooves 13 of ink flowing inlets 

consti~uting orifices 7· at rear portions of the concave 

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

- 17 -
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common· ink cavity 8 for supplying ink to respective 

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

; 

I 
L ... , .. 

lower portions of 1;he 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 di~tance holding means is--·---.. 

constituted by the dents. 15 used as vibrating chambers 

formed on the bottom face of -the first substrate r--in 

order to make the opposed distance between the vibrating 

plate 5 and an electrode oppositely placed to the 

plate, or a length of the gap portion {see Fig 2, 
. 

hereinafter referred to as gap length} identical with a 

difference between a depth of the dent 15 and a 

thickness of_ the electrode._ According to the 

embodimen·t, the dent 15 is etched to have a depth of 

0.6.um. A pi t~h of the nozzle grooves 11 is O. 72mm 

and a width ·of the nozzle g_~qove 11 is 'IO.um. 

The second substrate 2 attached to the bot.tom face 

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 _ r~spective 

vibrating plates 5, gold of a pattern similar to the 

shape of the vibrating plate is spatted with a thickness 

of O .1.um in order to obtain 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 2 3 . A boro-silicated glass spattering ·film 
. . 

covers the second substrate 2 excepting the electrode · 

terminals 23 with a thickness of 0.2..um. It i.s a 

dielectric layer 24 preventing dielectric breaks and 

short circuits when the ink jet head ie; driveri. The 

dielectric layer 24 may copsist of silicone ·compound. __ ,_,:__:.._ 

The third substrate 3 attached to an upper face of 

the .first substrate 1 is made - of boro-silicated gTass 

identical . with that of the second substrate 2. 

Combining the third substrate 3 forms the nozzle hole 

4, the emitting chamber 6, the orifice 7, and the ink 

cavity 8. The substrate 3 has an ink supply opening 

31 led to the ink cavity 8. The ink supply opening 31. 
-· 

is connected to an ink tank ... (.not shown) through a 

connecting pipe 32 and a tube 33. 

Next, the first substrate 1 and the sepond · 

substrate 21 are anode bonding. by impressing a voltage 

of. SOOV at a temperature soo0 c to them. With the same 

~he first .substrate 1 and the third 

substrate 3 are connected and the ink jet head shown in 

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

difference between the depth of 1;_he dent 15 and the 

thickness of the electrode 21 is the gap length between 

the ·vibrating plate 5 an(i an electrode 21 on the second 

substrate 2 is made 0 . 5 ..um. A space distance Gl 

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 

substr~te l and a terminal 23 of the electrode 21 

through a wire 101 in order to form an ink jet 

recording apparatus. Ink 103 is supplied to an 

interior of the substrate l "from an ink tank (not shown) 

through the ink supply. por.t 31 and the ink cavity 

and the emitting chamber 6, etc. are filled with ink. 

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

nozzle hole 4 onto a recording paper 105 . 

. An operation of the ink jet head constructed as 

described above according to the present invention will 

be explained. First, pulse voltage of OV to 70V is 

impressed to the electrode 21 by the oscillation 

circuit 102 a~d a surface .Qf _ the electrode 21 is 

charged ·plus· or positive. Then, a lower face of the 

opposed vibrating plate 5 is charged negative. As a 

result, the· vibrating plate 5 bends downward by sucking 

effect of static electricity. Next, the electrode 21 

i~. · ~ade off, the vibrating plate 5 returns to its 

original position. Thus, pressure in the emitting 

chamber 6 abruptly rises and an ink drop 104 is emitted 

·· onto the recording paper 105 through the no~zle hole 

4. Then, the v1brating plate 5 again bends downward 

and ink 103 is supplied to the emitting chamber 6 from 

the ink cavity 8 through the or if ice 7,. 

According to experiments carried by the inventor, 
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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 speed 7m/sec onto the 

recording paper. Resulting printing efficiency was 

very. good with such low voltage for driving or flying 

ink drops, in Fig. 3.5, numeral 300 is a platen, 301 is 

a ink tank, and 302 is a c~rriage 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 

unpra~tically more than 250V. 

(Embodiment 2) 

.Fig. 4 is an exploded perspective view of the ink 

jet head according to the second embodiment of the 

present invention and a part ~-of the ink jet head is 

showp by "breaking in section. The ink jet h~ad shown 

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

a ·face portJon of a subs~rate, through which holes 

ink drops emit. Fig; 5 · shows a sectional side 

el~vation of the whole construction of an . assembled 

ink jet head according to the present invention and 

Fig. 6 shows a sectional ·view taken along a B-B line 

in Fig. 2. Hereinafter, the pa~t.. or· members of the ink 

jet head identical with or simil.ar to that of the 

embodiment l will be explained wi·~.h 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.! of this second embodiment is 

made of a silicon of crystal face ~irection (110) of a 

thickness 380 um. The bottom wall of the dent 12 

cons ti tu ting the emitting cha.mber 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 plat"e 5, ""instead the rower 
...... ~ ·-· 

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 ~he first substrate 1 is made of Boro-Silicated glass 

as that of the first embodinienj: .... 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 lar~er a 

"7.-

~ little than a shape of the electrode in order to mount · 

t~e electrode 21, lead 22, terminal 23 in the dent 25 . .. 
The electrode 21 is made by spattering ITO. of O. lum 

thickness in the dent 25 to form ITO pattern, and gold 

used to bondings ar.e. SP.attered only on the terminal 23_. 

Except for the el·ectrode temrinal 23, Boro-Silicated 

glass spatter film is covered on a whole surface with 

a thickness 0.1 um ~aking a ·dielectric layer 24. In 

Fig. 4, the dielectric layer 24 is. drawn as a flat 
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shape. In fact, the dielectric layer 24 has dents 25 

- . formed in the flat surface. 

Consequently, ·according to the second embodiment, 

the gap length is 0. 4um. and the space. distance Gl is O. 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 o~ a.__,,,;....~­

thickness lOOum. On the face of the third substrate 3, 

there are nozzle holes 4 .-respectively led to -~'the 

dent 12 of the emitting 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 to lOOV is impressed from 

the.oscillati9n circuit.102 to._tqe electrode 21, a good 

printing ·efficiency corr.esponding to that of the first 

embodiment is obtained. When the ink jet head provided 

with a gap l!ngth G of 2.3 .um is used, the dr.iving 

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

isc'·'·not practical in the printer.· . .. 

{Embodiment 3) 

. Fig. 7 shows an exploded perspective view of the . .. 

ink jet head according to the third embodiment of the 

present invention and a part of the head is shown in 

section. Fig. 8 i~ an enlarged perspective view of a 

part. of the ink jet head. 
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, According to the third embodiment of the ink jet 

. head·, the ·gap length holding means is formed by Si02 

membranes 41 and 42, respectively and previously formed 

at the space between the first substrate 1 and the 

second substrate 2. These . Si02 membranes 41 and 42 

function as gap spacers. The first substrate 1 is made 

of a single crytal silic;on wafer of a crystal ~ace -=-::,._ 

direction (100). On the bottom face of the wafer except 

a part corresponding to the vibrating·- plate 5, the Si-02 

membrane 41 of, for example, a thickness 0. 3 um is 
. .' 

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

single crystal silicon wafer of a crystal face direction 

( 100) . Si02 membrane 42 of, 'for example, 0. 2 um is 

,_. formed on the· upper face of the second substrate 2 

except the electrode 21. 

· As ·a result , the gap length between these 

substr_ates 1 and 2 becomes O.Sum (see Fig. 8). 

~.ig. 9 shows the manufacturing steps of the first 

substrate according to the third embodiment of the 

prr,sent invention. 

First, both faces of the silicon wafer of a 

crystal face direction (100) are mirror-polished in 

order to make · a silicon substrate 51 of a thickness ..... 

200 .um (see. Fig. 9(a)). The silicon substrate 51 is 

treated.with ~hermal oxidization treatment in oxygen and 

steam atmosphere of a temperature 1100°c for 4 hours in 

order to form a Si02 membranes 41a and 41b of a 
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... \i thic;:kness 1 .um on both the faces. of the silicon 

substrate 51 (see Fig. 9(b)). Si02 membz:anes· 41a and 

41b function as an anti-e~ching material. 

Next, on the upper face of the Si02 membrane 4la, 

a photo-resist pattern ·(not shown). having a pattern of 

nozzle 4, emitting chamber 6, or if ice 7 ·and ink cavity 

8 is formed. The exposed p9rtion of the· Si02 membrane - .... -=,.,;, 

41a is etched by f luoric acid etching agent and the 

photo-resist pattern is.removed· isee F1g. 9(c)). 

Next, the silicon substrate 51 is arisotrophy-

etched by alkali agent. When single crystal silicon is 

etched by a~kali, such as ·katium hydroxide solution and 

.hydradin, etc. as well known, difference between etching 

spee~s on various crystal faces of the single crystal 

silicon is_ large,· thereby it is ,..possible to carry ou·t 
~ · .. -·: . 

arisotrophy etching on them. In practical, because the 

etching speed of (111) crystal face is the least or the 

lowest, the crystal face (fl 1) is remained after the 

etching process is finished. 

(. 
According to the third embodiment, caustic potash 

·solution containing isopropyl alcohol iip used in the 

etching treatmen~. Because mechanical deformation 

characteristics c;>f,. the vibrating plate is determiped by 

each size or measurement of the vibrating plate, the 

design size of every part of the vibrating plate is 

determined with reference to ink emitting 

characteristics necessary to the ink jet head of the . 
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present invention. According to the third embodiment, a 

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

thickness is 30u~ (see Fig. 10). 

In the. silicon substrate 51 of (11) -face 

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

face of the su~strate at an angle of about 55°, so that 
. . . 

when· the sizes of the vibra1;ing plate to be formed in --=-

the silicon substrate of (100) face direction are 

determined, the mask pattern ·--size of anti-etctiin-g 

material is primarily determined with reference to the 

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

the width d of the top opening of the emitting chamb~r 

6 is determined 740um and an etching treatment of 170um 

width is done, so that the vibrating plate 5 of a width 

h of 500 .um and a thickness t of_ __30 um is obtained. In 

a practical etching process, (111} face is a little 

etched. or undercut and the size d shown in Fig. 10 

becomes a little larger than the ma$k pattern width d 1. 

Consequently, it is necesary to make the ma~k pattern 

wif.th d 1 small by a part corresponding to that of (111) 

face 12a 'undercut, so that it is '130 um in the third 

embodiment of the present invention . and the 
.. 

pred~termined length (170 um) is etched by alkali 

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

Next, Si02 membrane 41b on the bottom face of the 

· silicon substrate 51 is patterned. The thickness of 

the Si02 membrane 4lb was 1 um at the stage Fig. 9(b). 
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In an alkali arisotrophy etching process shown in Fig. 

9{d) I the Si02 membrane 41b is .. etched by alkali solu·tion 

and its . thickness decreased to 0. 3 .um. According to 

the third embodiment, an etching rate of the. Si02 
membrane is. very small, so a reproductivity of_decrease 

in a thickness of the Si02 .membrane 41b is good . and 

uniform. 

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

shape corresponding to the vibrating·'plate 5 is foriJred 

on the Si02 membrane 41b(41), the exposed portion of the 

Sio2· membrane 41b is etched by fluoric ~cid etching 

solution so as to remove the photo-resist pattern. 

Simultaneously, all material of the Si02 membrane 41a 

remained on the upper face of the substrate 51 is 

removed (see Fig. 9(e)). 

After such steps are ~inished, the first substrate 

1 shown in Fig. 7 is completed. 

Next, the. manufacturing steps of the second 

,,:::. substrate according to the · third embodiment of the 
\•. ~-. 

pr~sent inventio"n will be explained wi~h reference tp .. 
Fig. 11. 

·First, both the faces of an-type sil!con substrate 

52 of (100) face direction are mirror-polished and heat 

and oxidization treatment is done on the substrate 52 

in oxygen and steam atmosphere at 1100° c for a 

predeter~ined time in order.to form the Si02 membranes 

42a and 42b on both the faces of the silicon substrate 
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52 ($ee Fig. ll{a)). 

Next, a photo-resist pattern (not shown) 

corresponding to the shape of the electrode 21 is 

formed on the.upper Si02 membrane 42a and the exposed 

portion of the Si02 membrane 42a is etched by f luoric 

acid etching solution to remove the photo-resist 

pattern (see Fig. ll(b)). 

In the next step, the exposed Si portion 43 of the 

silicon substrate 52 is boron...;.dope{d. A boron-dop"l:ng 
:··· ..... ·.::.. 

process is shown below. The silicon substrate 52 is 

held in a quartz tube through a quartz holder, steam 

with bubbled BBr3 of N2 carriers is led -together with 

o2 into the-quartz 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 

agent, then driven-in within o2 . The exposed p~rt of 

Si 43 is a p-type layer 44 (see Fig. 11(c)). ~hep-
. . 

type layer 44 functions as the electrode 21 a.s shown in 

Fig. 7. 

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

Si02 membranes 42a and 42b on the upper face of the 

silicon substrate 52 increases, so in the third 

embodiment the thickness of t~e ·· Si0
2 

membrane 42a is 

made to increase to 0.2.wn. Next, a photo-resist pattern 

(not shown) corresponding to ·the shapt9\ of the p-type 

layer 44 (electrode 21) is formed and the exposed ones 

of the Si02 membrane 42a are etched by f luoric acid 

- 28 -

1 

.::-· 



:; 
.• 

etching agent removing ~hem (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 invention, the size of the 

gap length G between the vib:c:ating plate 5 and the 

electrode 21 is determined to 0.5 um on the basis of an 

ink emitting characteristiq of the ink jet head .. _, .. -..,,_ 

Because the thickness of the Si02 membrane 4lb of the. 

first substrate 1 is 0 o 3 J.Lm as mentioned above I --"the 

process is carried out so tha~ the thickness of the 

. ·sio2 . membrane 42a in the step of Fig. 11 (c) becomes 

o. 2J.Lm. 

The substrate 1 and 2 formed according to the steps 

above are joined by a Si-Si direct connecting method 

making the head construction as. sbown enlargely in Fig. 
~ 

8. The joini~g steps will be described. 

First, the silicon substrate 1 is washed with a 

mixtu1'.'e of sulfuric acid and·_ hydrogen peroxide of 100°c, 

;··. then posi t"ions of the corresponding patterns. of both the 
.-t· 

substrates 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 temperature of 1100°c for 

one hour obtaining firm CQmbination of them. 

The sizes of the gap length G of one hundred ink 

jet heads manufactured.are scattered in 0.50 ~ 0.05 um. 

and the thicknesses of the vibrating plates are 

scattered or distributed in a range of 30.0 + 0.8 J.Lm. 

- 29 -

1 



When the ink jet heads are driven with lOOV 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 cc. In a practical 

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

results of pri~ting are obtained. 

Accordin·g to 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 1aye·r 

forming method includes ones·, such as an ion injectio~ 

method, a spin~coating method in which coating agent 

B2o3 scattered in inorganic solvent is spinned, and 

other method using· a distribution source of BN {Boron 

nitrogen) plate. . It is possible to use other elemen~s 

in group III, such as Al, Ga .j.n ... order to form p-ttpe 

layers. 

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

type layer supposi_ng that the silicon substrate 2 i"s a p-

. type substrate. In this case, various doping methods 

are used, tha:t is v· group elements such as p I As I Sb and 

the like are doped making the electrode 21. 

Acco·rding to the third embodiment'· the Si02 

me~branes 41 and 42 ·_form the gap "portions. However, 

because it is possible if anyone of the Si02 membranes 

is ·not used to connect both the substrates owing to the 

principle of Si-Si direct connecting process, one of 

the membranes 41 and 42 may have the necessary length 
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of the gap and another membrane may be removed by 

f luoric acid etching agent in a Si-Si direct connecting 

process obtaining the gap.portion of _the same material. 

In the third embodiment, the Si02 membrane of the 

gap spacer is used as an etching mask when an alkali 

arisotrophy e~ching _process is done and the size of 
the membrane decreases, so .that the face condition a 

little deteriorates while an etching step. When the 

face deteriorates to a certain -~~~~~e~·- once all the Si02 

membrane is removed by f luo.ric acid etching agent and 

.then a thermal oxidization process is used to form Si02 

membrane of a necessary thickness obtaining a suitable 

gap spacer. 

In addition, according. to the third embodiment, 

considering the specification a; j:he ink jet head, the 

gap length is. determined tempo~arily to 0.5 um. 

However, because Si thermal oxidized membranes can be-

manufactured precisely and easily until their 

thicknesses reach 1.5 um, only controlling the thickness 

of the Si thermal oxidized membranes of the gap spacers . .. 
according to the specification in case that the 

specified size of the · gap length is O.. 05 to 2. O um 

epables to obtain an ink jet head provided wit~ the gap 

portion having a precise measurement· similar to ·that of 

the third embodiment. 

(Embodiment 4) 
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Fig. 12 shows a ·partly-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.· 

Accordi~g to the fourth· ·embodiment of the ink·-.·-jet 

·:: head; a second elec;;trode 46 consisting of a p-type or n-

type impurity laver 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~ e.mbodiment is the space. 

distance · between the ~econd electrode 46 and the 

electrode 21 on the second substrate (see Fig. 7). The 

distance holding means is constructed by the Si02 

membrane 41 formed on the bottom face of the first 

s~strate 1 in a manner described below and the second .. . 
substrate of the third embodiment. In this case too, 

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

the ~io2 membranes.· 

The ~anufacturing steps of the first substrate of 

the fourth embodiment of . the present invention is shown 

in Fig. 13. 

First, both the sides of a silicon wafer of n-type 
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(100) face direction are mirror-polished to manufacture 

a silicon substrate 53 of a thickness 200 .um (see ~ig. 

13(a)), the silicon . substrate 53 ·is the;-mally 

oxidization-treated in an oxygen-steam atmosphere at 

1100°c for 4 hours in order to form s102 membranes 41a 

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

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

Next, on the lower Sio2· membrS:ne 41b, a pho1:·o;.. 

resist pattern (not shown) corresponding to the shape of 

the electrode 46 shown in Fig. 12 and a· lead (not shown} 

is formed, and the exposed portion of the Si02 membrane 

41b is etched and removed by f luoric acid etching 

.agent. in order to remove the photo-resist pat'tern (see 

Fig. 13(c)). ·- ... 
At t:he next stage, the expose_d Si portion 47 of 

the silicon substrate 53 is doped according to the 

treatment process identical with that of the third 

embodiment of the present invention in order to form a p-

The p-type layer 48 functions as the 

second electrode 46 (see Fig. 13(d)). 

A photo-resist pattern is (not shown} 

co~responding to the shape of the nozzle holes 4, 

emitting chambers 6 and the like are formed on the upper 

Si02 membrane 41a. The exposed portion of the Si02 
membrane 41a· is etched ~o 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 jet 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 portion be~ween the vibrating plate 5 and the second 

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

Similar to that of the third embodiment, various 

methods can be used to form the .:_electrode 46 ·--and 

various kinds of dopants can be used to the doping 

process. 

According to the embodiment, respective vibrating 

plates 5 has respective driving electrodes 46 formed 

thereon, so it is possible to obtain a high speed 

driving of the oscillation cirC.,!liJ:, or a high printing 

speed of the ink jet head of the present invention. 

According to the third embodiment, the highest 

driving frequency f_or · fo_rming independently ink drops 

was 5 KHz, however in the fourth embodiment, the 

hiphest driving· frequency is 7 KHz. .. Also, the lead 

wires for connecting .respective electrodes 46 and the · 

oscillatio11 circuit are integrally and simultaneously 
r • 

formed with the electrodes 4_6 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 

present invention. The ink jet · head ·of the fifth. 

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 electrode 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 substate l. 

Fig. 5 shows the manufacturi.ng steps of the first 

substrate according to the fifth embodiment of the 

present invention. 

First, both the faces of silicon wafer of ( 100) 

face direction is micro-polis,!ie.9 to manufacture a 

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

15 {d)), · and the sil.icon substrate 54 is thermally 

oxidization-treated in an oxygen and steam atmosphere 

at 1100°C, for 4 hours in order to fo_rm Si02 membranes 

41f:1 and 4lb of thickness 1 ..um on the silicon substrate ... 
54 {see Fig. 15(b)). 

Next, a photo-resist pattern (not shown) 

correspondin~ to the shapes- of nozzle holes 4, emitting 

chambers 6, etc. is formed on the upper Si02 membrane 

4la; and the exposed portion ~f the Si02 membrane 4la 

is etched by fluoric acid etching. agent in order to 

remove the photo-resist pattern (see Fig. 15{c)). 
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An arisotrophy etching is carried out on the 

silicon by using alkali agent. According to the 

arisotrophy etching process ·-described in regard to the 
. . 

third embodiment, the nozzle holes 4 and . the emitting 

chamber 6, etc. are' formed and then the Si02 membranes 

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

.fluoric acid etching magnet (see Fig. 15(d}}. 

Next, boro-silicated glass thin membrarie 49 

functioning as a gap spacer · ·precisii°ly restricting-.. '-the 

·:' distance between the vibrating plate 5 and the electrode 

.. 
·-· 

.• •.· 

21 and as a combined l.syer. attached by an anode bonding 

method is formed on the lower face of the silicon 

substrate 54. 

First, a photo-resist pattern 50 corresponding to a 

shape of the vibrating ·plate 5 ..... i§ formed on the bottom 

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

Next, a spattering apparatus forms a boro-silicated 

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

substrate 54 {see Fig. 15(f) h the silicon substrate 54 

i'· sintered. in organic solvent, is added with ultra-

sound vibration . in order to remove the photo:_resist 

pattern 50. Consequently, a boro-silicated 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). 

The spa~tering conditions of the boro-silicated 

glass this membrane 49 are shown be-low. 
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Corning corporation made #77 40 glass is used as a 

spattering target, a spattering atmosphere is 80% Ar -

20% o2 pressure Sm Torr, and RF power 6W/cm2 is 

impressed. Thus, 0. 5 LLm thickness glass thin membrane 

49 is obtained. 

The second substrate 2 · and the third substrate 3 

shown ·in Fig .. 14 and used tQ assemble the ink jet head --..-=;--:;, ... 

of the present inventiofr· are manufactured by the method 

of the third embodiment. The f irs·-t· substrate 1 -·-and 

third substrate 3 are anode bonding or attached 

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 positions and they are abutted. Combined 

substrates 1 and 2 are heated to~ 3J)o0 c on a ho~ plate, a 

DC voltage SOV _is impressed to them for 10 minutes with 

the ·first substrate being plus charged and the second 

substrate being minus charged. 

The ink jet head manufactured according to the 

f i(th embodiment of the present invention is tested· in 

real-printing function and a good result of pr"inting 

similar to that of the third embodiment ~s obtained. 

According :to the fifth embodiment, in order to form 

the gap portion between the vibrating plate 5 and the' 

electrode 21, a boro-silicated glass thin membrane· 49 

is formed on the bottom face of the first substrate 1. 

It is possible to form the boro-silicated glas~ thin 
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membrane 49 on the upper face of .the second substrate 2 
.. · 

instead of the bottom face of the first substrate 1 

obtaining the same effect .. -

The boro-silicated glass thin membrane is formed by 

the method of the fifth embodiment on the second 

substrat·e 2. In an anode bonding of the first 

s:ubstrate and second substz:a.te, a DC voltage 50V is_,_.-

impressed to them with the first substrate being charged 

plus electricity and the second subsfrate being chargea 

. -=-

· ··;~~ minus electricity at a temperatui:-e" 30o0 c obtaining the 

.,. 
.:;.i: .. 

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 ment.~ooed below .. 

It i"s possible to use not only p-type or n-type 
'• 

impurities of the third embodiment but also, for· 

example, a metal membrane or fiim of Au or Al,· etc. 

having a melting point of several hundreds or 100°c for 

thr electrode formed on the .. second substrate. When 

such metal film is used, it is possible to decrees~ 

electric resistance value of the electrode improving 

driving 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 electr9des formed thereon of the ink 

jet head, 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 silicon.~.,.,....-
• """!""..-

substrate . 55 and. a n-type Si layer 56 epi taxi ally 

grown on the bottom face .. - of the'- p-type silic·on 

subs:trate 55. In detail,· a part ___ of the p-type silicon 

substrate 55 is selectively etched through an electric-

chemical ·alkali arisotrophy etching process (be 

explained later) in order · to remove the part 

obtaining a ·Vibrating plate 5 of a precised ·thickness. 

The· manufacturing steps of_ tjle first substrate of 

the sixth·embodiment is shown in Fig. 17. 

First I both the faces of a silicon wafer of p-

type {100) face direction are mirror-polished in order 

to manufacture a silicon substrate 55 of a thickness 

11p um, and n-type Si layer 56 of a thickness 30 um is .. 
epitaxially grown on a bQttom face of the silicon 

substrate 55 obtaining a silicon .substrate 57 (see Fig. 

17{a)J. For example, boron is dope<:\ into the sil·icon 

substrate 55 and its density is 4 x ·1015 cm-3 . Al is 

doped into the n-type Si layer 56 and its density is 5 x 

1015 cm-3 . The epitaxial growth process above can form 

a Si layer 56 having a uniform ~hickness. It is 
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possible to control the thickness with allowance + 0. 2 

..um -O~ its target of 30 .um. 

Next, the silicon $Ubstrate 57 is . brought under 

heat-oxidization-treatment in an oxygen-steam at~osphere 

at 1100°c, for 4 hours and Si02 membranes 41a and 41b 

of thickness 1 .um are formed on both the faces of the 

silicon substrate 57 (see Fig: ·17 (b)): 

A photo-resist pattern (not shown) corresponding to 

the shapes of nozzle holes 4, ·· emi ttixi"g chambers 6, -·and 
.=.· .. -:. .. '::-.. 

etc. is formed on the upper Si02 membrane 41a, a photo­

resist pattern (not shown) corresponding to an 

electrically-led opening portion 58 is formed on the 

·lower Si02 membrane 41b, then the exposed portions of 

the Si02 membranes 41a and 4lb are etched by f luor.ic 

acid etching agent ·in order to. rEEimove the photo-resist .... 

pattern (see Fig. 17(c)}. 

Using the apparatus shown in Fig. 18, the electric-

chemical arisotrophy etching steps are carried out. As 
. . 

shown in Fig. 18, a DC voltage of 0.6V is impressed when 

56 is charged plus and platinum plate 

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

KOH solution (7o0 c)_ containing isopropyl alcohol 

carrying out,. an etching step. When ·the exposed 

portions of p-type silicon substrate 55 (the portions a 

Si02 membrane 41a. fails to cover} .are completely etched 

and removed, n-type Si layer 56 is non-activated by a 

plus. DC voltage preve~ting the etching process from 
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... 
proceedin'g . At this time, the etching is finished and .. 
the silicon substrate of a condition shown in Fig. 17(d) 

is obtained. 

In the next stage, a photo-res.ist (not shown) ·of 

a shape corresponding to the vibrating plate 5 is 

formed on the. lower Si02 ·membrane 4lb, an exposed 

portion of the: Sio2 . membranf? 41b is etched by f luoric ~~ 

acid etching agent and the photo-resist is removed. 

Simultaneously, all material ·of the- ·-s102 
membrane -·-41a. 

remained on the surface of p-type silicon substrate 55 

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

.{see Fig. 17(e)). 

Other steps them that described above are identical 

that of the third embodiment. The thickness· of the 

vibrating plates of one hund~eg ( 100} ink jet . head 

manufacturing by the steps of the sixth embodiment are 

distributed in a range of 30.0 ±.. 0.2um and it is the 

thickness precision of n-type ~i layer 56 formed by the 

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

em~odiment is driven with 100V, 5 KHz, the emitting 

speeds of ink drops are distributed in a . range of 8 ±.. 

0. 2um:/sec. and the ink drop· volumes are in a range of 

(_9.J .± 0.005) x 10-6cc, resulting in. a good printing. 

(Embodiment 7) 

Fig. 19 shows a partly-broken perspective view of 

the first substrate used in the ink jet head according 
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to the seventh·embodiment of the present invention. The 

second substrate and the third substrate on which 
-

electrodes are formed on the ink jet head of the 

seventh embodiment and the manufacturing method of these 

substrates are identical with that of · the third 

embodiment, so that explanations for them are omitted 

from the specification. 

The first substrate 1 of the seventh embodiment is 

obtained by treating a silicon' substrate 63 formed by·-an 

epitaxially growing of n-type Si 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). Ac~ording to the silicon substrate of (110) 

face direction, as well known the (111) face 

perpendicularly crosses to the .§ubstrate face of ( 110} 

face direction in a direction {211) and an alkali 

arisotrophy etching process enables to form a wall 

structure perpendicula.rly to the substrate face. 

The seventh embodiment uses the fact above, and 

· pitch distances, when a number of ink jet structural 
;o 

units consisting-of nozzles and emitting chambers, etc. 

are employed, are narrowed realizing a high densi~y 

arrangement of the nozzles..· 

The manufacturing steps of the first substrate of 

the seventh embodiment is shown in Fig. 20. 

The steps shown in Fig. 20(a) to (d) correspond to 

that of the C-C line sections of Fig. 19 and steps of 

42 

-~--..,._ 

.. : ;• 



.... 

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 1 '10 .um, n-type Si 

layer 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 -51 is doped with-·B 
-

(boron) and its density is .4 
:.··· ....... ~ 15 . -3 
x 10 cm , and the n-

type Si layer· 62 is-doped with A and its density is 

5· x 1014 . ·-3 .cm . In the epitaxial grown step, . it is 

possible to control the target thickness · 3 .um within 

the allowance + 0. 05.um·. 

Next, the silicon subst,Fa..te 63 is thermally 

oxidized-treated at 1100°c in an oxygen and steam 

atmosphere in order to form Si02 membranes 41a and 41b 

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

substrate 63 (see Fig. ·20 (b)} . 

c A photo-resist pattern (not shown) corresponding to 

the shapes of cavities and ink cavity, etc. is. formed 

on the upper Si02 membrane 41a, a photo-resist pattern 

{not shown) corresponding t·o· an electrically leading 

opening portion 64 is formed on the lower Si02 membrane 

· 41b, and the exposed portions of the Si02 .membranes 41a 

and 41b are etched by fluoric acid etching agent to 

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

corresponding to · the shape of the emitting chamber 6, 

its width is 50 ·um, a. distance from the neighboring 

pattern is 20.7 um, that is 70.7 um of a pitch 

distance, ink drop density per an inch is 360 

dpi ·(dot per inch) . 

Next, the electric-c~emical arisotrophy etching~.,_-,-
. "T.-. 

mentioned above is applied to the silicon substrate 63 

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

embodiment and the etching is - -done until the p-type 

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 ari~o~~ophy etching process 

forms a photo-resist pattern (not shown) corresponding 

to the nozzles 4 and the orifices 7 on the Si02 membrane 

41a which is a little thinned, a photo-resist membrane 

·t~:.;, (not shown} covers all the .lower Si02 membrane 41b, 

f 1(1oric acid etching agent etches the exposed portion of 

the Si02 membrane. 41a, and the photo-resist. pattern is 

removed {see Fig. 20(e)). 
. . 

Next, identica~· with t~e step~ shown "in Fig. 20{d), 

an electric-chemical etching process etches the 

substrate . until the nozzles 4 and the or if ices 7 of 

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

Last, the whole silicon substrate is sunk in· 

f luoric acid etching agent to remove Si02 membranes 41a 
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and 4lb in order to obtain the first substrate 1 (see 

Fig. 20(g)). The width 'of the emitting chamber formed 

on the resulting first substrate becomes 55 .um which is 

a little enlarged by undercutting during the etching 

step. The pitch distance is 70 .. 7 .um, so it is said the 

first substrate obtained has the ideal measurements. 

The most· suitable value of ~he width of the cavity is -=; ..,,_ 

determined due to ink emitting characteristic. 

Consideri~g the undercutting, the size of the pho.to...;. 

resist pattern is determined to obtain the ideally-

·shaped cavity. 

(Embodiment 8) 

Fig. 21 is a partly-broken perspective view of the 

first substrate of the ink je~ b.ead 

eighth embodiment of the present 

according to the 

invention. The 

vibrating plate 5 in the ink jet head of the eight 

embodiment of . the present invention is a boron doped 

layer 66 of a den~i ty and has a thickness identical 

wi(h that of the necessay vibrating plate. It is known 

that the etching rate of alkali used Si etching step 

becomes very small in the range of a high density 

(about 5 x 1019 -. cm-3 and more) when the dopant is 

boron.· 

According to the -eighth embodiment using the facts 

above, the vibrat_ing plate forming range is supposed 

that· a high density boron doped layer. When an alkali 
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ar-isotrophy etching forms the emitting chamber 6 and the 

ink cavity 8, so-called etching stop technique in which 

the etching· rate greatly lessens at the time tne boron 

doped layer 66 is exposed forms of the vibrating plate 5 

and emitting ·chambers 6 of the necessary shapes. 

The manufacturing steps of the first substrate 

according to the eighth ~mbodiment of· the present·~-

invention are shown in Fig. 22. 

First, the faces of a silicon wafer of n--type 

(110) face direction are mirror-polished in order to 

form a silicon substrate 65 of a thickness 200 J.Lm •.. The 

silicon substrate 65 is brought under a thermal­

~xidization treatment of 1100°c for 4 hours in an oxygen 

and steam atmosphere so as to form ~J.o 2 membranes 41a 

and 41b of thickness 1 J.Lm on~.b .. oth. the faces of the 

silicC?.n substrate 65 (see Fig. 22(a)). 

Next, a photo-resist patt~rn (not shown) 

·corresponding to the shapes of the vibratinq plate 

(boron doped layer} 66, ink cavity 8, electrode leads 

(~t shown) is formed on the lower Si02 membrane 41b, .. 
the exposed.. portion (part corresponding to the 

vibrating · plate, ink cavity, leads) of the Si02 

membrane 41b is etc-hed by f luoric acid etching agent, 

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

(b}). 

The exposed Si portion of the silicon substrate 65 
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is doped with boron. The treatment method of doping 

is identical with that of· the third embodiment and the 

boron doping layer 66 of a boron density 5. x. 1020 cm-3 

and of a doped layer thickness 10 um is formed (see 

Fig. 22{c). In order to attain such high density of 

boron and .high thickness of doped layer, it is 

preferable to employ a spi_n;...coating process of 

agent and a diffusion process using BN plate of various 

methods described in the third embodiment above. It"··-rs 

possible to employ anyone to attain. such doped layer 

.above. 

Next, a · photo-resist pattern (not .shown) 

corres~onding to the shapes of -emitting chambers 6, 

ink cavity 8, and etching end detection pattern 71 is 

formed on .the upper Si02 me1ll.Pr..ane 41a, the exposed 

portions of the Si02 membrane 4la are etched by f luoric 

acid etching agent, and. the. photo-resist pattern is 

removed (see Fig. 22 (d)). The photo-resist pattern 
• ·.a 

corresponding to the emitting chamber. 6 has a width 50 

um(and apart-distance from the neighboring pattern 20.7 

.um, which are identical· with that of the seventh 

embodiment. 
. 

The silicon substrate 65 is brought under an alkali 

arisotrophy etching treatment. Etching agent of KOH 

·solution (density: 20 weight %, temperature: 80 °c) was 

used. As described above, the etching rates of silicon 

alkali etching depend on as shown in Fig. 23 the boron 
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density. With regard to n-type silicon substrates, the 

etching process proceeds at an etching rate of about 

1. 5 .um/min, however in the boron high density range the 

etching rate lowers to about 0.01 .um/min. 

Because the thickness (designed value) of the 

vibrating plat_e · 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 practTce, 
··-· ---·----· 

it is difficult to make the thickness of the vibrating 

plates 5 uniform since the thickness values of. ··the 

silicon substrates 65 distribute in some r.ange (.:t, 1 to 2 

.um) . 

According to the eighth embodiment, the process 

mentioned below can form the thjqkness to the vibrating 

plates co~_rectly. 

It is· necessary to etch the silicon subs~rate for 

about 1-26 minutes 40 seconds calcuiated in order ... to 

etch and remove 190 .um of a thickness of the silicon 

s'tbstrate. In order to etch a thickness 10 .um I an .. 
etching step for about 6 min 40 

. 
sec. is necessary. 

Consequently, in order to etch and remove 200 .um 

thickness, .. a total time o"f .133 min 20 sec. is needed. 

On the silicon substrate of the condition shown in 

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

min 20 sec. using the etching agent is done. After a 

start of the etching process and about 126 min. 40 sec. 
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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 40 

sec. is carried out. If th~ 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 etching 
-.-
) front reaches the boron doped laye_r_ 66 I ·the etching rate 

suddenly drops to about .0.01· .um/min, consequently only 

about -6 min at most of the etching time .length 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 epd~detection pattern 71, 

similarly· the etching step advances at an etching rate 

of about 1. 5 .LUn/min. At last after the etching for a 

total time of about 133 min 20· sec, ~ th7,ough 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 

pecessary to aetect when the t~rough hole 72 is 

completed at the time of . about 133 min being elapsed 

after the etching starts through various means (for 

example I seeing observation ·of the Operator I applying a 

laser beam on the etching end detection pattern from a 
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side of the pattern and receiving the laser beam by a 

light receiving 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 machin~ng for restricting the distances between 

electrodes formed on the · se.cond substrates 

out so as to obtain the f-irst substrate 1. 

is carried 

Not:wi thstanding that the silicon·=-substrate 65 ···h-as 

various thicknesses portion by portion of the substrate 

(.:!: 1 to 2 .um), the vibrating plate 5 formed by the 

pro·cess about has a precision of 10 ±.. 0. l .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 ~f~ the alkali etching 

results.· -· 

According to the eighth embodiment of the ink jet 

head·, the. precision of the thickness of boron doped 

layer determines the thickness precision of the 

vierating plate. In order to obtain the correct 

thickness precision in the range of about 10 .um 

thickness, it is the most preferable method to use BBr
3 

of the diffus.ion source. ··However, if the treatment 

condition is made to the most suitable one, other 

methods can be use~ to attain the doped thickness 

precision corresponding to that obtained by the method 

of BBr diffusion source. 
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According to the eighth· embodiment, simultaneously 

with the boron doping st~p for the vibratin~ plate, the 

doping l.s done to the le~ds conti.nuous to the vibrating 

plate. Because that the driving electrodes having the 
.. 

structure identical · with . the vibrating plate of the 

fourth embodiment and corresponding to e~ch . vibrating 

plate of high density boron. doped portions are formed, -.-.-.--...,,_ 

it is possible also to attain an improvement of the 

driving frequency. 

In adqition,· according to the eighth embodiment, n-

type· substrate is used fo~ the silicon substrate, 

however if p-type substrate is used for the silicon one, 

it is possible ·to form the boron ·doped vibrating 

plates. 

The substrates anode-junctjon 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 according 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 v·iew of the bonding 

apparatus. 

The ninth embodiment shown relates to an anode 

bonding method for bonding or the first 
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silicon substrate 1 and the second boro-silicated glass 

substrate 2. 
-

The bonding apparatus of the ninth embodiment 

consists of an anode bonding electrode plate 111. to be 

connected to a plus side of a power SOUJ:'.Ce 113, an · 

cathode bondi~g electrode plate 1i2, and a terminal 

plate 115 protruding from tpe anode bonding electrode 

plate 111 through a spring 114. Gold plating is 

~ppl ied on the surfaces of the anodEf'- bonding electroae 

plat~ 111 and the cathode bonding 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 

substra~e 2, and the silicon suQstrate 1. The terminal 

plate 115· is· connected to the anode bonding ~lectrode 

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

the terminal.plate 115 in its suitable contact pressure 

':J.. with the electrode 21. The· terminal plate 115 comes to 
·~.: 

co~tact with the terminal portion 23 of the electrode 

21. 

The silicon ·substrate 1 and "the boro-silicated 

glass substrate .2 are alignea and -in detail the 

vibrating plate 5 and the electrode 21, respectively 

formed thereon are aligned by an aligner device (not 

shown) after they are wa~hed and then they are set as 

shown in Fig. 24 and Fig. 25. The electrode · 21, and 
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electrode plates 111 and 112 are placed in nitrogen. 

j gas atmosphere in -0rder to prevent the surfaces of them 

from· being oxidized. 

During the anode bonding method, first both the 

substrates· 1 and 2 are heated. In order to prevent the 

boro-silicated glass substrate 2 from breaking due to 

sudden rise of temperature, . it is necessary to heat it-~~,T.-

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 

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· when they are connected because a value ·of current 

decreases. In order to preve~t- strain-crack due to 

therJ!lal c·onductivi ties of both the substrates 1 and 2 

after they are connected, it is ne~essary to cool them 

gradually for about 20 min. 

I:t is possible to prevent· discharging and electric 

fi~ld dispersion when the terminal plate 115 and the 

spring · 114 de.creases the potent~al difference between 

the electrode 21 and vibrating plate 5 making electric 

-field disapp~ar. A~ a result, a large current does not 

flow between the electrode 21 and the vibrating plate 5 

preventing the electrode 21 from melting. Also, because 

that static electricity attractive force due to electric 

field does not function in the vibrating plate 5, no 
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remaining stress is generated in the vibrating plate 5 

after the plate 5 is secured through its circumference. 

The di~lectric membr~ne 24 is charged when 

transformation of electric charge from the vibrating 

plate 5. In electric field, the dielectric' membrane 24 

receives static electricity attractive force along a 

direction of the yibrating pl:ate 5 and peeled off. When-... -. 

the ·electrode 21 and· the vibrating plate 5 are made 

equal in their potential, it is - possible to prevent -·the 

dielectric membrane 24 from being peeled off. -
(Embodiment 10) 

· Fig. 26 is an outline vi_ew of another embodiment of 

the anode bonding method according to the p·resent 

invention and a ·section of both_ tpe substrates in ~heir 

bonding procedure and· a bonding apparatus used to the 

anode bonding apparatus. Fig. 27 is a plan view of the 

bonding·apparat~s. 

According to the tenth embodiment of the ink jet 
:· 

h~ed of the present invention, terminal 116 respectively 

consisting .. of coil springs are used and the· terminal 

plates contact with respective electrodes 21. Other 

structure of the embodiment tfian that above is 

iden:tical 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 
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• has resistance on the surface having oxidized films. 

}lowever, in the anode bonding, it is purpose of 

applying high voltage an¢t making them equal potential, 

so that it is possible to obtain good results if a value 

of current is low. When respective terminals 16 are 

independent coil springs,· 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 wor~ terminal . 
. . 

{Embodiment 11) 

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

apparatus according to another embodiment of the presen.t 

invention. Fig. 29 is a plan view showing an arrangement 

relation of the electrode on t~e ... second .substrate and 

the common electrode. · In Fig. 29, the dielectric 

membrane is omitted. 

According to the eleventh embodiment, a p~o~?­

li thography uses a batch treatment system in order to 

fotm simultaneously a plurality ·of electrodes 21 for a 

plura~ sets (in the embodiment, it is two) of ink j~t 

heads and respectively electrode 21 for the plural sets 

on a single bor_o-silicated glass substrate . 2A. The 

common electrode 120 has lead portion~ 121a and 12lb to 

be connected to the terminal portion 23 of all the 

electrodes 21 of respective sets. In addition, a single 

silicon substrate (not shown) to be connected to the 
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boro-s.ilicated gl~ss substrate 2A has a plurality of 
~sets of elements (nozzle, emitting chamber, vibrating 

plate, orifice, ·ink cavity) having the structures shown· 

in Fig. 24 and Fig. 26, respective sets being placed· 

at the corresponding positions. Then, in· the joining 

step, a single. terminal 116 consisting of a coil spring 

shown ·in Fig. 26 comes tQ contact with the common......,=-;,._ 

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

joining electrode plate 111. -·--·~-

Consequently, it is possible to make all electrodes 

. 21 and all vibrating 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_ bead and the common 

electrodes 120 are cut off from the electroges 21 of 

respective sets through :the connecting e·nds of lead 

portions 12la and 121b. 

(Bf.bodiment 12} 

Fig. 30 is a section of. an anode ·bonding apparatus 

according 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 one, 

and the second and third substrate 2 and 3 are boro-

silic_ated ones. The third · substrate 3 function merely 



.• 
as a lid of nozzle holes 4, emitting chamber 6, orifice· 

.7, ink cavity 8 . It is enough ·to make the third 

. substrate 3 of a material of less joining precision than 

that of boro-silicated g.lass substrate, so that ·soda 

glass joining is su.fficient. When the third substrate, 

however, is · made of boro-silicated glass, . it is 

pos~ible to improve its reli~bility. 

And, in accordance with the twelfth embodiment of 

the ink jet head of the· pre.sent itlvention, upper-·~arfd 

lower joining electrode plates 111 and j 112 to be 

contacted with the second and third boro-silicated glass 

substrates 2 and 3 are connected to a minus side of the 

power source 113,. the first silicon substrate 1 and the 

electrode 21 on the boro-silicat.ed glass substrate 2 are 

connected to a plus or posi tiye... of the power. source 

113, and · they are simultaneously a_?ode bonding. As a 

resul·t, according ~o the simultaneous anode bonding 

process, it is possible to reduce the time used to .heat 

;, and gradual cool the substrates 1, 2 and 3 shortening 
:,;. -. 

largely the bonding time of them . .. . Additionally, as 

described in regard to.. the· ninth embodiment and 

eleventh embodiment above, it is possible to protect 

t:q.e_. surface on the silicon substrate 1 . f~om .. being 

poluted by direct contact with ·the upper bonding 

electrode plate. 111. 
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In the thirteenth embodiment and fo~rteenth 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 emb-odimeiit of the present 

invention. Fig. 32 is its plan· view. 

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 ponding p.~ocess is done is high, 

air in the gap portion 16 expands. When air temperature 

lowers to t~e room temperature after the connection, 

the pre~sure in the gap portion 16 lowers than the 

:~ . atmosphere, SQ the vibrating plate 5 bends toward the 
, : 

-·· 
el.tetrode 21 becoming into contact with . the electrode 21 

and .being short-circuited, or more disadvantageously 

unnecessary stress being.given ~o the vibrating plate 5. 

When the gap portion 16 is open to the .~tmosph,ere in 

order to prevent _.such disadvantageous ef fee ts and kept 

at such open con~ition, static electrici.ty 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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·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 passage 18, as 

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

sealed by sealer agent 20 o.f epoxy· and the like which--.-...,._ 

has a high viscosity when the substrates 1 ·and 2 are 

cooled to the room temperature after they are ariode:.. 

bonding. 

The reference numerals 23 is a·terminal portion of 

the electrode 23, 41 means Si02 membrane of_ a dielectric 

membrane formed on the substrate 1, 102 is an 

. oscillation circuit, and 106 is a metai membrane formed 

to connect one terminal of the_ Q.Scillation circuit 102 

to the substrate 1. The passage 18 extends. ~urround 

the electrode 21. 

Because that the silicon substrate con~tituting the 

substrate 1· has a high thermal. conductivity, the sealer 

i~ made of thermal plastic resin and the pressure in the 
•"' . . 

gap portion does not .. rise. Because that the sealing 

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

· .. passage 18. 

Consequently, . according to the thirteenth 

embodiment of the present invention, the gap portion 16 

is open or led to the atmosphere through the passage_ 18 

while an anode bonding, so that any heating of the anode-
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bonding operation fails to raise the pressure in the gap 

p.::irtion. 16. After anode-bonding i·s finished and the 

temperature lowers to the room tempera-ture, the sealing 

member 20 seals the outlet of the passage 18 preventing 

dust from invading the gap portion 16 and the problems 

aboV:e happening. 

The aforesaid effect is available if a gaseous..bo~y 

such as nitrogen, argon, etc. is enclosed in said gap 

portion 16 when it is· sealed. 

(Embodiment 14) 

Fig.· 33 is a. section of the static electricity 
.. 

. . :actuat·or according to another embodiment of the present 

invention. 

·According to the fourteenth embodiment·, the static 

ele~tri~i ty actuator has a second electrode 46 placed 

under the ·vibrating plate 5 so as to oppose to the 

electrode 21. The second electrode 46 is made of Cr 

or Au thin membrane. 

The static electricity actuator functions as a 
.. 

. : Gapaci t9r. When a V volt is impressed to the opposed 

electrodes 21 and 46, · Ve of the voltage between the 

opposed electrodes 21 and 46 raised when they are 

charged and discharged is shown below: 
ho 

Ve = V (1 - ~xp (-t/T) 

Ve = V exp (-t/T) 

charging time 

discharging time 

Wherein T: time constant. 

It is apparent from the equations above that they 
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are exponential functions. When the time constant T 

large, rising speed of Ve is made slow. The 

constant ~ i.s given by. an equa·tion RC (wherein 

is 

time 

the 

resistance is Rand static electricity capacitor is C). 
. . 

Because a resi.stance of silicon is higher 'than metals, 

·the . electroce 46 of Cr or. Au thin membrane having low 

-resistance is used as a viprating plate 5 so as to ·-..---

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

constant is · made low, respon.sibili ty of the actuator 

improves. 

(Embodiment 15) 

Fig. 34 shows a section of the ink . jet head 

acqording to still another embodiment of the present 

invention. ·- ... 
In the fifteenth embodiment, the gap G to be 

formed under the vibrating plate 5 is kept by a 

thickness of photo-sensitive resin layer 
·::_: . 

or adhesive 

agent layer 200. That is, .Patterns of the photo-

se~i tive resin layer or adhesive agent . layer . 200 are 

are printed around the electrode 21 9f the second 

substrate 2 and both the second substrate 2 and the 

first substrate 1 are adhered to each otheT making a 

lamination. In practice, soda glass is used as the 

second substrate 2 and it is constructed a~ described 

on the second embodiment. 

A photo~sensitive polyimid is used as a photo-

00:6? -
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sensitive resin and it is printed around the electrode 

21 of the second substrate 2 with its thickness/um 

forming the. pattern 200. of photo-sensitive resin layer. 

While, similar to that ·of the second embodiment, the 

bottom face of the first silicon substrate °1 is planelv 

polished and ~he first substrate 1 and second.substrate 

2 are laminated. As a resu.l t , when· the photo-sensitive -···=-""""' 

resin is used, the gap length G between 'the vibrating· 

plate 5 and the electrode 2i- is -i.4 .um. . Whe±r-an 

adhe~ive 
agent of epoxy bond is used, the its thickness 

G is 1.5 .um, and. the substrates 1 and 2 are. 

laminated at a temperature 100°c. In this case, the 

gap length G is a little less than 1.9 .um. When 

adhesive agent is used, it is necessary to press the 

substrate 1 and other substrat~.
 2, so the gap le~gth G 

decreases differing from that of the pho1:o-sensitive 

resin. 

It is p~ssible 
to use such gap holding means of 

photo-sensitive resin and adhesive agent keeping _the 

p:yedetermined length or thickness of the· gap. It is 

~ 

·. 

noted that ··the ink jet head of the present~ 
invention 

using ·such gap holding mean scan be driven by .a low 

voltage identical:, with that or the second embodiment 

attaining a good printing result. 

Not only polyimid but also other materials of 

photo-sensitive resin such as acryl, epoxy and the like 

can be used. Temperature of thermal treatment is 

- 6~ - liiiiiftf 



Gontrolled according to the kind of varidUS resins. 

With regard to adhesive agents, acryl, cyano, urethane, 

materials can be used. 

silicon of various 

( 
\• 
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CLAIMS 

1. An ink jet head comprising one or more nozzles (4) 

for ejecting ink drops, a .respective ejecting chamber C 6) 

connected to the or each said. nozzle (4), a vibrating 

plate (5) constituting at least one wall of the ejecting 

chamber C6), and a driving means for generating -·a-..,._ 

deformation in said vibrating plate, characterised in that 

said driving means is .- an ~Jectrode C 21 t for 

static-electrically deforming 1:~~-~ .. vibrating plate C 5.) a!!? 

in that said vibrating plate (5) and said electrode C21) 

10 are spaced by a distance of at least 0.05 µm and no more 

than 2.0 µ~. 

15 

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

in that said distance is defined by a dent (15) forming a 

vibrating chamber C9) in a first substrate Cl). 

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

in that said distance is defined ·by a dent C 15) for 

mounting an electrode C 21) formed in a second substrate 
(2). 

4. An ink jet head according to any one of - the i 
i 20 preceding claims, characterised in that a first substrate-· 

Cl) and a second substrate (2) each comprise single 

crystal silicon substrates and the distance defining means 

i 
r 
! 

..... 

i 

25 

is constituted by a gap spacer . of a sio2 membrane 

previously formed on at ;Least one face of facing portions · ... 

of the substrates. 

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

in that said sio2 membrane is a therm~lly oxidized :~ 

membrane of silicon. 

11111} IHI~ ljl RMI 1111 
s * 
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6. An ink jet head according to claim ·4, characterised 

in that said Si02 membrane is formed by a spattering 
process, CVD process, vaporing proces·s; ion-plating 
process, sol-gel 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-typ·e-..,,_ 

impurities. 

8. An ink jet · head accox::ci.~.1'.'!g to any ·one of th~ 

preceding claims, characterised in that said electrode 
(21) is covered by an dielectric membrane (24) le~ving a 

space between the electrode (21) and the vibr~ting pla~~ 
{ 5) • 

9. An ink jet head according to any one of the 
15 preceding claims, characterised in that said vibrating 

plate (5) has a second electrode integrally formed on the 
vibrating plate so as to fill said distance. 

20 

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

11. An ink je.t head ac.cording to claim l, characterised 
. . 

in that a bore-silicate glass thin membrane previously . 
formed on at least one face of an attaching portion of the 
first substrate or the second substrate is used as a gap 

25 spacer for maintaining said distance. 

12. An ink 
characterised 

jet head 
in that the 

according to 
bore-silicate 

membrane is formed by a spattering method. 

claim 
glass 

11, 
thin 

~------------llllliiiir 
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13. An ink-jet head according to claim 1, characterised 

in that said vibrating plate ( 5) comprises a n-type 

impur,.ity layer. 

14. An ink jet head according to claim 1, character"ised 

5 in that said . vibrating pl~te ( 5) comprises a p-type 

impurity layer of high density. 

10 

15. An ink . jet head according to claim 9, characteris·ea-=.,-

in that a driving wiring layer including the second 

electrode comprises a p-type impurity layer of ._high 

density. 

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

15, characterised in that said first substrate (1) is a 

silicon substrate of crystal face direction (110). 

17. An ~nk 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 

ep.itaxially grown. 

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

in that a zone forming said distance between the vibrating 

20 plai;:e (5} and an e~ectrode (21) c~nnects with a passage 

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

21. An ink 
characterised 

jet head 
in that said 

according to 
zone is filled 

preferably air, nitrogen or argon. 

claim 
with 

18, 
gas, 

22. An ink jet printing machine· including an ink jet 
head according to any one of the pr~c:;eding claims .... 

23. A method of manufacturing. an ink jet head, 
characterised in that it comprises the steps of patterning 
a Si02 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. Si0 2 

membrane of a predetermined thickness on an opposing face 
is· 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 substr.ate through the Si0 2 membrane. 

24. A method according to claim 23, characterised in 
20 that it comprises. the further step of ~arming the 

vibrating plate by carrying out an alkali anisotroph.Y~. 

etching process on the first silicon substrate. 

2 5. A method according to claim 23, characterised in 
that· it comprises a further step of forming the el~ctrode 

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 
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forming a vibrating plate by applying an electric-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 second .. substrate 

5 having an electrode for driving the vibrating plate, said 

electrode being formed on said second substrate, 

characteris~d 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 
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 
which a vibrating· plate is formed and a second substrate 
on which is formed an electrode for driving the vibrating 
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 · 
potential dif fereance between said vibrating plate and the 

common electrode to decrease the potential- difference 
during the anode ~ending process, and separating the 
common electrode from the electrode after the anode 
bonding process. 

! 
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