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1. Title of the Inventioh.

INK JET HEAD AND MANUFACTURING METHOD THEREOF

.2. Background of the Invention ' o J——
(a) Field of the Invention
The pfesent invention reiates toan ink jet head of
| an important portlon of an ink-je% recording apparatus,_“
having _ite drlve system of static electricity, for v
outletting ink drops When_a‘ recording is necessari_and
attaching the drops onto a recording paper face, end a

manufacturing method of the ink jet head effectively

attaining a purpose of the present invention.

{b) Description of the Prior Art
The ink jet fecording apﬁaratds has many merits or
‘.. . ‘advantages, such as very small sound durlng a recordlng,
' hlgh speed prlntlng, high flexibility on ink, and use
of ‘'low cost plain paper. According to the recent trend,
an ink jet recording apparatus of an ink-on-demand .
system emitting :ipk drops only when ' recording is
necessary mainly has been employed because it is not
necessary to fecover ink drops not used to ;he
recording. -
According to Patent Laid-Open Publication No. 1990-
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5 1{n mﬁlch adhesi on of separators to electrodes i s superl- or; battery
pr ceqsablllty such as rollability with- el ectrodes is excellent; no
infermal- short-circuit is caused due to contact between el ectrodes
brpught about by shrinking or burning of the nonwoven fabric even when

hle’ ;
t 10’“*%?%;??5?. gg&g jée; Read &y éﬁtfﬁﬂﬁbnﬁﬁ%hn@ F Gidid a L@y

ignition © e prevented; and storag characterlstlcs

arle exeehleRk. using [BAGKHELMEThA¥Lic element.. Adddterdd. 88

sg¢par ators-.for non-aqueous elec- 15 trolyte batteries, for exanple,
JP- A- 6- 3RB¥értdiLeqlespen Publ fIdIUPUso f | 198655DPNLSI Rhed fHIGNj&®! ecul ar

weight - polyethylene having an intrinsic viscosity [[err]] of 5 dl/g-
of hi gheieads Repasat oiakf omnd t bieneredlelss, bubbles and pressure
"making iqk drops emit.

The conventional ink jet head mentioned above has

problems below. | . ’ C ——n

According to the ink  jet head ‘using a
piezoelectric element, it iefheceeéary_to carry out—a
_complicefed process of 'af¥ééhing a ‘chip of
piezoelectric element to the vibrating plates used to

- .generate pressure in a pressure - chamber in a
manufacturing process the ink jet head. in particular,

the recent ink jet recording apparatus necessitates a
| printing of a high speed and a_hjch 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'nozgle necessitating

,;3 a fine manufacturing of piezoelectric elements and

~

Pg%techment ofcfhe fine elements to respective vibrating
.plates. _These processes are very.troubleeome and time
consunming.

- In order to pake the nozzles of a high density,
it ' has been necessary to mancfacture the
piezoelectricity elements at the order of several tens
micron meter to ten hundreds micron meter. It has been
difficult to make dispersion or scattering of printing
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JP- A- 33105851 di scl oses m croporous filns conprising a 20 conposition
conposed of an ultra-high-nol ecul ar-weight - polyethylene having a

wei ght{average nol ecul ar wei ght of

-2- ¥ 7 X 105 or higher and a pol yethyl ene having a wei ght - aver age
nol ecul.ar wei ght/ nunber - aver age nol ecul ar - wei ght of 10-300.

These Fepar ataesl i e smahut - @@wnSPORCtaDHn Hogsitd e pr B¥enteaysi oof t itdre of
batterdy es. The shut-down function is a function to prevent ignition

due tohnel ti gpfentional machine processing.

According .to the. ink heating system' above, the
drive means is’ cons_truc‘ted by a thin mémbrane
resistance heatef- eleméht having no problem of the
conventional piezoelectricity element apparatus above.

However, the drive means is suffered or damaged by high-e=—0

speed repetition of 'heating ‘and cooling and shock of

bursting bubbles shortening a lifetime of the ink

k . head. o oo L -

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

art, the applicant of the present invention filed an

application U.S. Application No.757,691 filed Sept. 11,
1991 of an ink jet head recording apparatus using a
drive means of ‘the static .__e:_l,ectricity force. The
apparatus has merits of printingg of high density, high
quality and of a small size and a lo'r'xg lifetime.

However, +the ink .jet h_ead recording appgratus of
* th'e. application has problems to 5e. solved in.ofder to.
‘ N S'?.ill :.'unprove- such merits_ above. | .

| " The first problem concerns a vibrating plate
constituting an ink limiting or .disqharg'ing chamber,- and
a gap between the _vibrating'plat_e and an electrode for
driving the wvibrating pla'te.‘ According to the ink drob
emi'tting system using s.tatic .electricity, emitting
pressure to be generated by the same pressure is very

low comparing to that of the jet head of piezoelectric
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t hefr et hr ough short - ci -

to generate circuit and a ) .
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predeterm;ned range with a very high prec1s1on
The secohd problem concerns 81ze prec1s1on of the

vibrating piate. Emitt;ng pressure is proportlonal to 8-

cube of the thickness of the vibrating plate. When a

square-shaped vibrating plate jg used, emitting

pressure is proportional to fif:th__ power of an inverse:

el fbony

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

The third problem concerns._ & head manufacturihg
method for realizing or attaining 2 size prec1s1on of
the hlgh prec:sed gap and the vibrating plate mentloqed

above. An anode bond:ng method has been used to joint

the substrates of such klnd to each other. According to

the . anode connecting method, a _boro—silicated gas
substrate is connected to & cathode side, and a silicon
substrate provided ﬁith nozzles and rhe vibrating plate .
is connected 10 an anode s1de and & 500V voltage 1is’
impressed to them at - a temperature_ 300 Cc. At the
_temperature of 300°C, Na ions contained - in the boro~

31llcated glass move tO cathode side by @an eleotric

field, thereby @& very strong static electricity
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sepafatdrs, and as a result electrodes contact with each other, and
thug a short-circuit current again flows, - resulting in heat generation
stage, whi-ch |eads to igni- tion. 25 Furt hernore, these

f ab
and
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icg, but . require gonpiicated production steps and _need high cost,
furt BEtRECE iven FRIeR yipr eengrasedpibe @y hgchoro—silicated

Recently, -separators conprising nonwoven
glass andthe silicon and they are contacted. However,

sepfrﬁtors are relatively nore uni formthan the conventional nonwoven

Fad
i~

_through a .'space between the elébtrode and -~ the
vibrating plate, a largé.éu:rént instantly flows due to
dielectric break of gas and electric field. Then there
are posibility as that the electrode mélts.and the melt
is attached to the vibrating plate genératihg'a short - —
circuit. In addifion, when they aré connected by an
anode process, ﬁhey are connected “with a very high
" voltage comparing to that whéﬁ_'fhé. ink jet head is
&riven. Accordingly, the wvibrating plate is fixed
through its circumference after it is.deformed due to
the electriq field generated while an\anode connecting.
Aé a result, remaining stress is generated changing

natural frequency of respective _vibrating plates and,

consequently, .an ink emitting chgracteristic, or the
dielectric membrane material on the electrode is pulled
along the direction 6f vibrating' plate due té static
'electricity attractive force resulting in a peeling—off

o%'the dielectric membrane from the electrode.

‘3. Summary of the Invention

... Consequently, . ;t- is the purpose of the present
invention to provide a manufacturing mefhod of an ink
jet head using static electricity power, which head
having a high preéision gap hdlding means for adjusting
a gap size between the electrode and the vibféting plate
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fabri g% n place of mcroporous films are being devel oped fromthe

poi nts of easiness in production and stability of quality. For exanple,
nonwoven fabrics for separators 5 of batteries conprising specific fibers
are disclosed in JP- A-5-74442 and JP- A-5-335005. However, when these
nonwoven fabrics are usEdFﬁf separ at ors [ t hi ckness i s

variatign I n
gLeater t hAR nPEASFor &% ARNRENR adiiiiRtte andt REgRct ABAELt¥on®E t ut i ng
t batteri t |y, de- . 10 gcr. el , oL h I bl th
ol cct rodesPFinE3pog B, | Batng T It b L o BbTRe cnoLhReBbact are
les in construction of Qﬂ&gﬁ%%eﬁuﬁygéé*§§ @héayfﬂgg%#" nvent &4 " €8t
e a at

capacity cannot “be ‘obtarne bricated as ery. Furthernore,
[n many casesyibler 8aOCAMAS etlonshbiPPaga O AndABeBELUEARCC! figkhede and
separator 1n fabrication of batteries and processabilifTy 1's deterio-

thereof, wherein the gap portion and the viblating plate
of the head have verylhigh size precision, thereby it is
possible to attain a compaét and high density mechanism. ——
It dis still another pﬁrpose of the présent
invention to provide an ink"ﬁet héad of a Qriniéf,
;3 wherein.a prohibitian or sealing-;éahs between the ga§
portian 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 tol the .ink jéf' head of the present
invention, it has a single or\anral nozilé holes for
_emitting"ink drops, an emitting chémber led +to
fespgctive nozzle holes, a vibrating plate
conétituting at léast one wall of the emitting chamber, -
“ a' drive means for generating a deformation in the
v%?rating plate, wherein éﬁe drive means consists of an
electrode for deforming the. vibrating plate by static-
electricity force.

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

Additionally, ~the opposing disténce holding means
of the ink jet head of the present invention is a dent
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ratedl : _ The object of the present invention is to
prOV|bg_a_nonmoven fabric for separators of non-aqueous 20 electrolyte
batteries and a non-aqueous el ectrolyte battery using the sane in
whi chz adhesi on of separators to el ectrodes is superior; there occurs

no slippage or gap - _between el ectrode and separator; ocessabi |t
such ds  forr & |'ebpratingi chasbest £og6€d; oo hs | £hyst naﬁﬁﬁmﬁa °325y

short-circuit occurs due to contact between el ectrodes_or hriqki ng or

burning of thiee JGRRAEIPS aR 1R @uePRnfPIHRST  deB ecfP8deS§ %é'roa e heat

due to external short-cj it i gni ti - :
and a hyghmgﬂqtfhé?twﬁiéﬁukg’formedlQ%Iwﬂg1é£c£§ﬁt§ﬁﬁg§rggg %? R&Eyented,

electrode, or both dents.

| .Acqording to another mode or embodiment of the

: present invention, the first substrate and the second
substrate, . respectively are mqno-éfystal silicon _—
substrates, and a Sio2 membrane formed.on at least one
face of"the cbnnecting porfibn ‘of both substrates

-  constitutes a hélding' means for the opposing gap or

distance.

It is_possible to make the SiO2 membrane by thermal
oxidized membrane of silicon, or the Sib2 membrane can
be- produced by spattering process a sinte:_:'ing précess
of inorganic silicon compound_. or a .CVD process
vapefizing précess, Sol-Gel proéess, thermal oxidation
process or others. The electrode is formed by p-type or
n-type impurities. .
wu According t6 still anothér embodiment of the
o bqgsent invention, ‘the _electrode is ’covered by a "F.
éielectric membrane with a gap formed between thé
electrode and the vibrating ﬁlate. o |

According -to_ the breferable g modél of the
manufacturing method of the ink jet head of ihe present
invention, the method comprises at 1least one of the
steps of 'pattern—forming- of Sioz' membrane of ‘a

predetermined thickness on the connecting face of the

- 7 -
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e rent capaC|ty and excellent battery characterlstlcs and
storage characteristi'cs can be obtai ned. [ Di scl osure of Invention]

The present first invention relates to a 5 nonwoven fabric for separators
of non-aqueous el ectrol yte batteries which is produced by a wet paper
maki ng +pr o- cess, characterized in that the nonwoven fabric has a
t hi ckness hbRStini FérAFOR |ﬁﬁ9§?ﬂﬁﬁﬁ (ﬁo?ﬂﬂﬁg mkRst 'edratingi phatai ne
direction, the be|n eterntged in the follomnn nanner.

< except part or the vibrating P

e, and of

' pattern-forming of 5102 membrane of a predeterminea'
thickness on the connecting face 'of the second silicon
substrate forming the electrode excepting-its partlfor
the electrode, and of anode connecting the first and the
second silicon substrates through the Si0 membrane by_.—
means of a_Si direct connecting process.

According to another embodiment of the ink jet head

manufacturing method of the :ﬁfesent 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

'.’?i.‘sa;
1

electrode consisting of p-type or n—-type impurities by
carr&ing out é doping on the sqund silicon substrate.
According to still another embodiment of the ink
jet head.of the present invention, the ink jet head has
epe second eleetrode integrally formed in the vibrating
* plate so as to keep the gap between the opposing
d%stance or parts. The second electrode is formed with p—
type or n—type impurities.

According to another embodiment of the ink jet head
of the present invention, the gap distance holding means
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 firet and the second

~substrates. The Dboro-silicated glass membrane  is

- 8 -
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ThN‘%_ss non-uni formity index (Rpy): A sanple is allowed to run

bet ween two spherical tracers. Varia- tion of thickness of the sanple
in machine direction is measured using a filmthickness nmeasuring
equi prﬁant whi ch 15 measures the variation of sanple thickness as an

el ectri.c signal through an electric mcroneter by scanning the

sanpl e at predwsednbyr at spetteringl processyachi ne ‘direc- " tion after
zero point- adj ustnment under the condition of 15 [err]mM3 Vin
sensitivity ranBecerding diecEtiélni anther opmbedimpmd refulthienginkgnal
val ue is sub{ect ed to fast Fourier transform by a FFET anal zer usi ng
hanni ng WileRsy <a§ &hs r%"%ﬁ%%wlngﬁ&t&%th%pEéW@rﬁ%l

nvierr]) is obtai ne addi tive ,avera qf .addition of 128 times.
The power gﬁ %r’f‘?l ebYre%ueﬁb}Yl?fndg 3495 tl??eé'r eFot 81 I BI8Bnd the
tOt al i's né”}xs?!t' ed b 2/3 Tp%rlt:.es ~layer. ' A driving wiring

layer conta'ir;ing the second electrode is formed by a
high density p-—typ_e. impurities layer. ' ' e

According to still another embodiment of the ink

jet head of the present invertion, the first substrate

" is a silicon substrate of cry‘st:.a'i" face direction (110)
and made by epitaxially growing a n-type impurities
layer on a p-type silicon substrate.

'Anothez_' embodiment 'of the ink 3jet manufacturing
methbd has a step of forming a n-type impurity layer
on a p-type silicon substrate, ,and._a step of forming
the vib’ra‘ting pl'ate by carrying out an elec‘_:tri.c chemical
anisotropy etching_ prloc-ess on the silicon substrate.

- According to still another embodiment of the ink

1‘ jet head | manufacturi-ng method of the presen}: invention,
tl'te _ano‘de bonding method for. bonding the first substrate
havirig the vibrating plate formed thereon to the second

- substrate fxaving_ the electrode formed thereon so as to
drive tb_e .yibrating' plate has a step for qontrolling in °
a rﬁénner that a voltage diffe_rencé befween the vibrating
piaté and the electrode when the anode bonding p"rocesé
is done. .A' pp'tentia_l of the electrode .is made
identical with that of the vibrating plate.

_g...
I
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resyfting value is raised to one-second power to obtain t he thickness
nonfuni formity index (Rpy) (unit: nV). .

-5- T The present second invention relates to a

non_koven fabric for separators of non-aqueous electrolyte batteries

whi ¢h i s?producFIRF LRt YRap8tifdki#PPReT embodimant cRfy stheriindkd in
that the nonwoven fabric {;aa% a. b cg tﬁr urface average ,roughness SRa of
6 [err]m ord9%skep manuiggiuring -pre 5? Pdqi e nBREERPBY JOVRR T M acer

metnod. " o fd ggndhTe R0 Rhg SYrEAER S M N ER AT W naing the first
| substrate ha;tr'ing _the-vibrating plate formed thereon and
‘the second substrate having thé electrode driving the
vibrating plat'e 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_ép for separating the common electrode from the

'elec;trode driving the vib:_'ating' plate after the anode-
i connecting process. ' |
According to another embodi?me,nt of the ink jet head
of the present invention, the gap between the vibrating
plate and the elecfrode has a passage led to the
‘outside before -the .first gubstrate provided with the
l-\_..;- ' vibrating .plate formed thereon and the second substrate
m': pr(f:vided with the eiectrode arepanod.e bohding and the
outlet of the passage is sealed by the sealing membér -
after the anode connection process is done.
According to _still another embodiment of the ink
jet head of the present invention, the 'opposed.distance
holding x-nean 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

- 10 -
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[ Be jihbde for Carrying Qut the Invention] As el enents
congtituting the nonwoven fabric 10 for separator of non-aqueous

el e¢trolyte battery accord- ing to the present invention, there are
usep haterials such as inorganic fibers, whiskers, organic fibers,
etc, The inorganic fibers are preferably at | east one
ki nd of i Aoveantiion,i bitmpressenged f polsei orad-tgigsstol5tHé belectabygi na
fibers, alumna-silica fibers and rock - wool s. In the
norfwoyen fapeitdom® s&tatdicor eﬂectricmmr aqa@@wsc@:lwﬁrolfy:t'eebat bery
chdgracterized _by contain- “ing a whi sker conprising an inorganic
cofpound, *ERE113@ac ofpeaet befiwern: tihawhpirerrodepeaider tive yvibratasy one

plate opposed to the electrode, deforming the vibrating
plate and emitting ink drops through the nozzle holes.

' Because of a restriction of the opposed gap or distanee
between the vibrating plate and ‘the electrode, it is_.—_
possible to drive the ink jet head with a low voltage,
and emitting speed and emitting volume of ink drops' ‘are

stable attaining very high quallty of printing.

It is of course that the gap length or distance of

the opposed gap is confirmed by experiments. ' The
reasons why the gap length is 0.05 um or more.than 0.05
um are the volume of emitted ink drop is not enough to

print a letter when the lehgth is_less than 0.05 um, and

the vibrating plate_pontact with the electrode breaking

the electrode.

The reason why the gap length is 2.0 um or 1less
’iﬁi- than that is caused by driving voltage. If the length

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

substantive“high capacity of the ink Jet head.
As a means for holding the gap length restrlcted as
descr:.bed above, there are a deht for the v:Lbrat:mg

chamber, a dent for mounting the electrode, SiO

2
membrane formed on the connecting face of the
substrate to Dbe connected, boro-silicated glass

membrane, or photo-sensitive resin layer or adhesive

- 11 -
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menbes .,"'Iected fromAI[err]qerf], Al [err]Jerr][err]2B[err]Jerr], Si'C,

Siferr Nerr], Klerr]Jerr]6Tiderr], Kerr]Ti[err]derr], Tierr],
BaTi Jerr]}, MJerr]Blerr]Jerr], and ZnO Aver age fi ber
di aneter of the inorganic fibers is preferably 3- Amor |ess, and

armunti of the inorganic 25 fibers in the nonwoven fabric is preferably
20- 80% by agewt giayer. The necessamfiegabcrlengtissisibelsd pefthespy

conpri:se at - 6- | east one of E
gl asslcont ai rdﬂ!rgti%'lbym%bgﬁpe@r | ess of sodi um oxide (in terms of

Na[erﬂ] O) and silica glass contain-
‘ In partlcular, Si0 membrane or boro silicated glass

membrane is used, it is possible to control the
thickness the membrane with a high precision and to
equaliée the _vibration characteristic of the vibrating
plate resulting accordingly. in a uniformed quality of_.—_
printine. -
Also, because of the second elecf:ode is integrally
1r ~ formed on the vibrating plat_e,'“ ‘electric resistance of
the second electrode lowers improving driving frequency
-_ef the ink jet-' head of the present invention and
resulting in a high speed printing.
still also, when the flrst substrate forming the
vibrating plate is formed by. a. sillcon su_.bstrate of
crystal face fiirection (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

F.r v the pitch d:.stance of the nozzles, and to attain a
? sneall and high dens:.ty of the ink jet head. -

Due to the fact that the vibrating plate is made of
a high density p-type . impur_ity layer, it is possible to
improve _' the _driviag ffequerrcy and crosstalk of the ink
jet head. :

Addi'tionally, wheri the potential between the
vibrating plate and the electrode is controlled to

lower, for example to equalize both potentials of them

- 12 -
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i ng ods8 y

wei ght or nore of silicon dioxide (in ternms of Sigerr] )
5 In the nonwoven fabric for separator of non- agueous
el ectrolyte batteries characterized by con- "~ taining organic fibers, it
is preferred that at |east a part of the organic fibers are
fibrillated to 1 [err]mor |l ess in fiber diameter. 10
Furt her nor e dyning pnefanads] tpernefdippnherageen the 5Firstc@wbsitrate ganic
fibers at least a part of which are fibrillated to 1 [err]mor less in

fiber diametRtowi@ed withaghg ydbratdmemiate 35opnegd thereon and the

Furthernore, it i$_ preferred that %Qgegonwov 5 fahric for separator of
ol

n
non- aqueous SARAT ol SRS BEREE yPTO nt ﬂ?ﬁg or§&ni &lEdde,: formad

part of whichare pefdPribbabeddinda Be £l AMBLe Y, LeboriInat, | oss

discharging between the - vibrating plate and the -
- electrode or dispersion of electric field when they are
anode bonded and peeling-off. of the dielectric membrane -.—_
due to static electricity attractive force.
As a result, generation of electrode melting ‘and
Q’% femaining stress of the vibratiné plate is fértunatelymn
p-rphibited from happening. |
Due to a .formation of the passage on the gap
po::;tion_between the vibrating' plate and the electrode
l _ SO as to_léad to the outside, it is possible to prevent
I pressure in the gap space owing_ Xo heating process of
the anode-~connection from rising, keep the gap length at
the predetermined one, and’ prevent a generation of
| . remaining stress in the vibrating plate and_' a coritact
*’ between fhe vibrating plate and electrode. In addition,
ttte §utlet .0f the passage is seéled by the sealing N
member after the anode-connection process is done and
thé temperature of the v.vhole ‘construction of the ink.

jet head lowers to a room temperature preventing dust

from invading into the gap space.

4. Brief Description of the Drawings

Fig. 1 is an exploded perspectix-re view of the first

-13—
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rxferably contain one kind 20 or

perneabrlrty of 100 mmHg or hrgher - The organic frbers
nmore organic fibers selected fromthe

gfoup gonsi sting of polypropylene fibers, polyethylene fibers,

gl ymet hyl pentene fibers and acrylic fibers. It is preferred
L contai n difpgbaigghe! anbs

theOl 93RikC fider hetayi bcbi®idd NotPOi fhe OF

hgat deconposi-- 25 tion point of 250 C or higher. The heat resistant

pf@sénbeiﬁvgﬁmgoﬁreferably conpri se one kind or nore

sgl ected fromthe group consisting of aramd - fibers, polyphenyl ene
il fide fibers, pogyarylis eaf sbetdonal side elevation of the first

embodiment;

Fig.. 3 is a A-A view of Fig.1;

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

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

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

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

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

Fig. 9 is a manufacturing step diagram of the first

substrate of the third‘embodiment;

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

of the vibrating plate of the third. embodiment according

to the present invention;

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

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

Fig. 13 is a manufacturing step diagram of the

- 14 -
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fi bers, tand poly-p- phenylenebenzoblsoxazole ' fibers. I t

' bolyether ketone fibers, polyimde fibers, polyether sul f one
i's preférred that the organic fibers con- 5 tain a fibrous binder. Mre
preferably, the fibrous binder is at |east one fibrous binder selected

fromthe ﬁ$ﬂﬁﬂ)Sﬁhﬁﬁ%ﬂt%goéfth¢n§©@ﬁthl%@b@dlbﬁpyester fibers,

polyolefln flbers é$olyan1de fibers and natural pu

Mor eover , i's pr r ettt hadf ?HeQ¥Biﬁﬂﬁ91p?ﬁ?H%ﬂﬁﬁY?cﬂl?%eoﬁrégénﬂnk
ueous

|nventron |s a nonwven fabric, f separ of non-a

el ectro yte béFFénﬁeﬁﬁwu%ﬁﬁ%ﬁdlng t?zeﬁhg ?hgfhth%mhﬁﬂﬁgﬁéﬁ f 96ri &hes

subjected to a
"~ Present invention;

! Fig.15 is a manufacturing step diagram'of.the first
substrate according to the fifth embodiment;
Fig. 16 is a perspective view of the first-.-—-_

substrate of the ink jet head according to the sixth

embodiment of the present inventidn; Fig. 17 i a
ﬁaﬁufaoturing. step diagraﬁ of'Tlhe first substrate_"
according to the sixth embodiment of the present
invention; Fig. '18 is a view showing an electric-
chemical anisotroéic étéhing process tq fhe sixth

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

substrate of the ink jet head . according to the seventh

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

- 15 -
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cal endef treatnment. The cal ender treatnent is preferably a hot

cal endey treatnent, and nore preferably the hot 15 calender. treatnent is
carried out at a tenperature of .~ 50-200 C The nonwoven
fabric ff or separator of non- aqueous electrolyte battery of the present
I nventifon wi |l be explained in all b

t hi ckndss non|ﬁﬂWQﬁ?ﬁ'W£ ﬂBB?r?Eﬁﬁ)ﬁ e%ﬁ% Bpeggnt |ﬁ?%ﬁf?BﬂT|sV1ew

measur qd in thed %418%29 Whoaimedl®lor ARBMR R 4 ALLANEALS LUBDEbugen

two spheri cal racers ation t hi'ckness o e sanp
directi
nmeasur ¢s the variation of sanple thick- ness as an el ectric signal

through an el egdidLed CiRYER®on;: Fiy.SCHPN;RY 4 hﬁléﬁ”ﬂh‘éwatoﬁ £R8SLAdke
rate of 1.5 mMmnin
connecting apparatqs shown in Fig. 26; Fig. 28 is a

plan view of still another embodiment of the anode

process according to the present invent;on Fig. 29 is
a plan view of 'the second substraté shown in Fig. 28;
K Fig. 30 is a sectional view:ﬁéﬁgwing still another
embodimenf of the anode connecting apparatus used to the -
"~ anode connecting process of the present invention; Fig.
31 is a sectional view of another embodlment of a dust
proh1b1t10n method of the present invention; Fig. 32 is -
a plan view 6f.the émbodiment.ghgwn_in Fig. 31; Fig. 33
is a sectional view of another embodiment of the dust
prohibition of the ﬁresént invention; Fig. 34 is a

sectional view showing_‘pnother embodiment of the

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

the present invention.

5. Detailed Explanation of the preferred Embodiments

Hereinafter, the preferred embodiments of the ink

-— 1 5 -—
'\\
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) f’"ectic')n after zero point adj ust ment under the
- condition of 15 [err]m3 V in sensitivity range of the

fric mcroneter. The resulting signal value is subj ected to fast
er transformby a FFT anal yzer usi ng hanning wi ndow as a tine
bw, and a power spec- 5 trum(unit: .nvV[err]) is obtained by additive

jet adidief 0fhd28 grgmmt Thavpawdbnvakiks ibe t bepledaesncy

of  2- 25 Hz are totalled and the total is multiplied by 2/ 3. The
ting val weitls rafeeente one- theoadcompanying drawings.

(Embodiment 1)

_Fig. 1 is an exploded pefépectivé view showiﬂg
the ink head accordlng to the first ‘embodiment of the
present invention and a:part of. the head is shown in a..—_
section. The first embodiment is the ink jet head of
an edge ink jet type where_in"fnk drops emit through—a
noézle hole formed at an end po_rtlon of the subs’cra‘ce.“~
Fig. 2 is a seqtional- elevation of the whole structure
of the assembled ink jet head, and Fig. 3 is a section
alohg the arrows A-A of Fig. 2. The ink jet head 10 of
“the 'emboc.iiment .has a lamihatea structure of three
substrates 1, 2 and 3, respecti__ve,ly have a constrﬁction
as dgscribed below.

The first middle sﬁbstﬂrate 1 is of a silicon one
and has‘a.plu:_-ality of 'nozz'lé grooves__.ll .placed a.t an
end of the face of the substr'ate 1 and at a regular

-

irtterval in parallel to each other endiﬁg with pluraiity ,
of nozzle holes 4, a plurality of dents or concave
portions 12 constituting emitting  chambers 6
réspectivel’?_led tt_:i_ each nozzle grooves 11 and having
their bottom walls of the vibrating plates 5, a
plurélity of their .grooves_ 13 of ink fléwing inlets
constituting orificeé 7 at rear portions of the concave

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

eet Has Been Replaced
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bbtai n the thickness non-unifornity index (Rpy) 10 (unit: mv).

Spec f?t‘l’élly, ‘it i's obtained in the follow ng. " manner. A sanple is
all owed to run between two spheri cal tracers having a dianmeter of 5 mMm
‘at a reasuring pressure - of about 30 g/stroke. Variation of thlckness

of the, 15 sanple in machine direction is measured using a film

t hi ckness neéfnbhngiARUI Paety NEgUffRnt usepply Ay | iak to fespettilvewhi ch
neasur és the variation of sample thick- ness as an electric signal
through an ehétting mlambvetsr 6. Alposctheregare sdepte a5 aronbeant
speed of 1.5 mimin 20 in machine direction after zero point adjustment

under loweromitrtionef of5 {he ryibsaving gintes vhyy mivigh oflents the
electric mcroneter: The resulting signal value is
constitutlng vibrating chambers 9. Electrodes are

mounted in the vibrating chambers 9 as described below.
In the embodiment of the ink jet head of the

present invention, a distance holding means is - —

constitu'ted.by the dents. 15 used as vibrating chambers
l formed on the bottom face of the first substrate i"'in
b ‘order to make the opposed distanc'e“between the v:dar'a‘(::mg“~
plate 5 and an electrode oppositely placed to the
plate, or a 1ength' of the gap portion (see Fig 2,
hereinafter referred to as gap léngth) idéntical with a

difference between a depth of the dent 15 and a

thickness of . the electrode.. According to the

embodiment, the dent 15 is etched to have a depth of
0.6um. A pitch of the nozzle grooves 11 is 0.72mm
and a width of the nozzle groove 11 is 70um.

The second substrate 2 attached to the bottom face

'Of( the first substrate 1 is made of (boro-silicate§ .
glass) and these attached substrates 1 and 2 constitute
a v.ibrating chamber 9. At'respective positions of the
second substrate _ 2 corresponding: to  respective
vibrating p_lates 5, gold of a pattern similar to the
shapé of the vibrating plgte is spatted with é thickness
of O0.ium in order td obta_in a golden pattern of - a

sh’ape' almost identical with that of the vibrating plate

- 18 -
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supj ect ed to fast Fourier transform (FFT) by a FFT ana- ~ lyzer CF-300 .
uf actured by Ono Sokuki Co., 'Ltd. (input 25 signal AC 10 nV, sanpling

5242 poi At s) usi'ng hanni ng wi ndow as a time w ndow under the condition

off 50 in frequency, range, and a, power spectrum. (upjit: [err]) is

ot ai ned-at &Y i ﬁ@aragca%/Jee‘ng%%i {}ilonhé\‘féf‘"ggi ng Oiead 25" and’ &

- addi tion _qf 128 t.i nes. ch of .th ower__ val.ues. at a.. | i near
ale i —ﬁce(rﬁ‘}élqﬁlgq&%ﬁcy_.gan%o%?—?. ?Eeﬁis_ e(fpaqt%azﬁl(?aq hefrléénul ting
| ues s etrosz alti'xgd'se-ré]o%ci Ogags!éafe 2 excepting the electrode -

terminals 23 with a thickness of 0.2um. It is a

dielectric layer 24 pre:venting_ dielectric Dbreaks and
short ci'rcu:‘its when the ink jet head is driven. The
dielectric layer 24 may consist of silicone 'compound.--;.i-;_

The third substrate 3 attached: to ah ﬁpper face of

identical with +that of the Second substrate 2.
Combining the third substrate 3 forms the nozzle hole
4, the emitting chamber lG, the orifice 7, and fhe ink
cavity 8. The substraté 3 -'has an ink s'upply opening
31 led to t_he i_nk_ cavity 8.. Thé ink supply opening'31.
is ,connect:c—ad 'to_ an ink tank_ {(not shown) %:hrough a

connecting pipe 32 and a tube 33.

! : - Next, the first substrate 1 and the  second
'subs'tra1_:e 21 are anode bond_.inQ_by impressing' a voltage

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

c_?ﬂnd_ition' above, '_th‘e first- .Substrate 1 and tbe third .
" substrate 3 are connected and the ink jet head shown ifz
Fig. 2 is assembiled.. After an anode  bonding, a
difference between the depth of the dent 15 and the
thickness of the electrode 21 is the gaﬁ length between

thé. vibrating plate 5 and an electrode 21 on {he secaond

substrate 2 ' is made 0.5 um. A space distance G1

between the vibrating plate 5 and the dielectric layer

24 on the electrode 21 is made 0.3 um.

-~ 19 -
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..-bl I ed by 2/3 and raised to one-second power. Thus, 5 the Rpy can be

bt ai ned. O her _processing conditions are according to the initial set
ondi tions of CF-300 analyz- er. The nonwoven fabric
flor séparator of non- aqueous el ectrolyte battery of the present

ijnvention 10 has a thickness non-uniformty index Rpy of 1000 nV or

lless as speci fAfter n thlee pnkseaiwt | headt iioh. ashembAddx as deRpyibed .
referably 800 mV or |ess, nore preferably 600 nV or less. Wen a
onwoven gkawe c pEGiAdaddiomdeir®pit ol02 is mgernedited 1bedwekni $hesed as a
gepar at or of non-aqueous 15 electrolyte battery, the separator is inferior

iln adhe-. substratet d el 0% ofle t@RiRdkr &reOft hEhe ®kaptreds| i2dpage

qr a gap hetween el ectrode and separator. at the tine of . fabrication of
Hatteri etPERNIy Rt ¥iBRatedl 1n order to form an ink jet :
| recording apparatus. Ink 103 . is supplied to an

interior of the substrate 1 from an ink tank (not shown)
through the ink_ supply port 31 and the ink cavity 8 ——(_
and the emitting chambe_r 6, etc. are filled with ink.

In Fig. 2, an ink drop 104 is emitted from the
#ﬁ nozzle hole 4 | onto a recording paper 105. -

_An operation of the ink jet heéd constructed as
described above according to the present invention will
be _explained. First, pulse voltage of 0OV to 70V is
impressed to the electrode 21 by the oscillation
cir'cuit 102 and a surface of_ the electrode 21 is
charged "plus' or pbsitive. Then, a | lower face of the
opposed vibrat_'ing plate 5 is charged negative. As a
result, the vibrating plat_; 5 bends downward by sucking
effect of static electricity. Next, the eléct‘rod_e 21
ii'made off, -the .v;lbratin'g. plate 5-returns to its
original ;Sositién. . Thus, pressufe in the emitting
chamber 6 abruptly rises and an ink drop 104 is emitted
onto the recording paper 105 through the nozzle hole
4. Then, the :v'ibrating plate 5 again bends downward
and ink 103 is supplied to the emitting chamber 6 from
the ink cavity 8 through the orifice 7,

According to experiments carried by the inventor,

: - 20 -
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gbi lity of batteries, and besides current capacity 20 of the
fabgr®ted batteries is small. . | It has been found that the
ct of the present invention can be attained when the nonwoven
fabgi c” for separator of non-aqueous electrolyte battery has a-center
surface average roughness SRa of 6 [err]mor 25 less in machine direction
i ol e wimeel eéimit h Jeegi deaxd 10 mefsutleel byreséntcer inethedon is

e-di nensi onal surface roughness neter. . _ The center
ace avesepbYedighpeespSRatier as shown at Fig. 35, 5 KHz drive

power flies ink drops with a speed 7Tm/sec onto the
re.cording 'pajSer_. Resu'ltin;g printing éfficiency ‘was
-very. good with suciu low voltage for drivi'ng -or flying
ink drops, in Fig. 35, numeral 300 is a platen, 301 is.
a ink tank, and 302 is a carriage of the ink h-_eac.i 16.-#——__

=

‘When the gap length between the vibrating plate 5 and

the electrode 21 is 2.5 ‘um, drive voltage ~'was

{Embodiment 2)

Fig. 4 is an expiqded perspective view of thé ink
jet héad aécording fo the second embodiment 6f. the
present inventicn and a part o of the ink jét head is
shown b;y ‘breaking in section. The ink jet head shown.
1s 6f a face ink jet type having nozzle holes formed at.
a face portion of a substrate, through which holes
#: ink drops emit. Fig: 5 " shows a sectional side

el(.evation of .fhe whole .cc;nstruction of an. assembled .
ink jef- head according to the I.';resent invention and
Fig. 6 shows a _ sectional view taken along a B-B 1ine'
in Fig. 2. Hereingfter, the part. or:.members of the ink
jet head identical with or simill'ar'to that of the
embodiment 1 will be_ explained with the identidél
reference numbers of the embodiment 1. |

' The ink jet head. 10 of the second embodiment is

“his Sheet Has Been Reﬂlaced T




-‘1gt+ whol e wavel ength region as neasured by a tracer nethod

t hr ee-di nensi onal surface roughness nmeter is defined by the foll ow ng
formula (1). [err] In the formula (1), Wk denotes a
| ength of 5 sanple plane region in X-axis direction (machine direc-
tion), W denotes a length of plane region in Y-axis di rection

(per pendi Gdaticd® ke EREhi N BEeRsOWnr yt@gnssaeg héfedr g2 of

sanpl e pl ane region. _ peC| @ can d under
the . formed in a face of the third substrate 3.

The first substrate .1 of this second embodiment is
made of a silicon of crystal face direction (110) of.a
thickness 380 um. The bottom wall of the dent 12
constituting the emitting chamber 6 is a vibrating
plate 5 of a thickness 3um. There is no dent. of the ——
vibrating chaﬁber of the first-embodiment at the lower
portion of'the.vihrating plate 5, “instead tha 16Wer
ii'v‘ . face of the vibrating chamber S'Sfikhe second embodimentf“'
is a flat and smooth face_.polished ~or finished aa a
mirror. | |
" The sacond-substrate 2 attached to the bottom face
of the first substrate 1 is made of Boro—5111cated glass
as that of the first embodimentu_The gap length G is
formed on the second substrate by a_dent 25 formed by an
etching process of 0.5 um in order to mount the
electrode 21. The dent 25 is made in a pattern larger a

iﬂ'ﬁ;- little than a shape of the electrode in order to mount -

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

- 22 -
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_fItIOHS of cut- off value 0.8 mm W=20 mm W=8 nm accordingly,

'® mmjerr] using SE-3AK type and SPA-11 type equi pnent s
ifFact ured by Kosaka Kenkyusho Co., Ltd. as t he .tracer nethod
t hgee-di nensi onal surface roughness nmeter and three-dinmentional

ghness anal yzer, respec- : 15 tively. For data processing in X-axis

ecti oshegm In pfady, | sheondieleckaic50@yer 24 dad fdenssargi ng in
xi s direction, scanning. of nore than 17 lines is carried out.
nenwdieemddbin cther ftapagsurdacet 20 non-aqueous el ectrol yte battery .of
present invention has a center surface average roughness SRa of 6
rlm or Jengequenhdye RGNS tegi bhe asanandr eabiodizentacer

hod t hree-di nensi onal surface ro%ghness meter. The
the gap length is 0.4um and the space distance G1 is 0.3

um after an anodic bonding.

The third substrate 3 attached to the top face of
the first Subéfrate 1 is _ made of SUS platé of a;ﬁeh
‘thickness 100um. On the face of the third substrate 3,
there are nozzle holes 4 ‘respectively 1led to ~“the
‘E 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_lo of the third embodiment is
used and a plate voltage of OV té 100V is impressed from
the oscillation circuit 102 to._the electrode 21, a good
pfinting efficiency corresponding té that of the first
embodiment is obtained. When the ink jet head provided
with a gap length G of 2..3 um is used, the driving
voltage becomes more than 250V, thereby the ink j%t head

i%ﬁnot practical in the printer."

{Embodiment 3)

.Fig..tz shows an exploded perspective view_of'the
ink jet head according to the third embodiment of the
presént invention and a part of the head is shown in
section. Fig. 8 is an enlarged perspective view of a
pa#t'of the ink jet head.

- 23 -
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'ferably 5 [errlmor less and nore preferably 4 [err]m or'

SRa i

| ess. Fen a nonwoven fabric having a center surface aver age roughness
SRa (g@ore than 6 [err]mis used as a separ at or of non-aqueous

el ect elyte battery, the surface 5 roughness of the nonwoven fabric is

gr eatf and t he separa- tor has a great ruggedness. Therefore, when the
‘sepafa-, t orpaSg8disgek detneenciasi t enbodlisentodsf anthenegnki Vet

el ecfrode are rolled or they are laminated in the form of a sheet and

i ncofpor at atead} othebghpelgngeht Abddingadkans is formed by SiO

2
membranee 41 and 42, respectlvely and prev;ously formed

at the space between the first substrate 1 and the

second substrate 2. These A Si0O, membranes 41 and 42

2
function as gap spacers. The first substrate 1 is made

of a single crytal eiliqon' wafer of = crystal face ——:
direction (100). On the bottom face of the wafer except

a part correspondlng to the v1brat1ng plate 5, the Sioé
q'ﬁ . membrane 41 of, for example, e'_thlckness 0.3 um 1s-“
formed. Similarly, the second substrate 2 is made of a
single crystal silicon wafer of a cfystal.face direction
(100). $i0, membrane 42 of, Vfor example, 0.2 ‘um  is
formed on the wupper .face of the second eubstrate 2
except the electrode 21. " .
"As a result[ the gap 1length between these

substrates 1 and 2 becomes 0.5um (see Fig. 8).

E;gf 9 shows the manufacturing steps of the first

substrate according to the third embodiment of the
ersent 1nvent10n ) |

First, both faces of the silicon wafer of a
crystal face direction (100) are mirror-polished in
order to make a silicon sﬁb_strate 51 of a thickness
200 um (see . Fig. 9(a)). The silicon substrate 51 is

treated with thermal oxidization treatment in oxygen and

'steam atmosphere of a temperature 1100°C for 4 hours in

order to form a Si02 membranes 4la and 41b of a

- 24 -
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10 ¢ ﬁto both the electrodes is lowered to result in a . large space

bet the separator and the el ectrodes. Thi s space consequently

causg ecrease in volune of ~electrode to be incorporated into the
 samnejf & and t he fabricated battery is lowin current capacity.

Mor , 15 the interval between the el ectrodes beconmes non-uniform

and ghis ihikknddsLf e1refnfrem t BRtROI Rihedf fHULHr Bty €he silekeatrode
reacg i'on and causes deterioration of battery . characteristics. Wien a’
nonvpven ksabsite-dtayi 80 a(seat Mig. 9(BY)facsideragabrargBnessa SBRadof nore
tharf 6 [err]mis used 20 as the separator of fon- aqueous el ectrolyte

ery, #hd functtion ems ampmtiyetohipgcumetistyadllecreases to a practically
abl e | evel. When a nonwoven fabric having a center - - surface average
roughness SRa ®ex& [ eon] vher |uppern sfasedofs the SJ’tCh‘e mephraner 444,
non-aqueous el ectrolyte battery, the

a photo-resist pattern (not shown). hav1ng a pattern of
nozzle 4, emitting chamber &, orifice 7 and ink cavity

8 is formed. The exposed pértion of the SiO2 membrane-q;--

41a._is etched by fluoric acid etching agent and the

- photo-resist pattern is removed (see Fig. 9(c)).

ey

Next, the silicén substratém:51 is arisotrophy-
'étched by alkali agent. When single crystal silicon is
etched by alkali, such as;kalium hydroxide solutioﬁ and
.hyéradin, etc. as well knoﬁn, difference betﬁeen etching
speeds on various crystal faces of the single crystal
silicon is large,  thereby it {s,possible to barrymput
arisotrophy etching on_them. In practical, becaugg.fhe
etching speed of (111) crystal face is the least or the
lowest, the crystal face (111) is remained after'the
etchlng process is flnlshed

-~

( Accordlng to the third embod;ment, caustic potash .
"solution containing isopropyl alcohol i§ used in the
etching treatment. Because mechanical déformétion
characteristics gfhﬁhe vibrating p;atg is determined by
each size or measurement Oof the vibrating plate, the
design size of every part of the vibrating plate is
determined with reference to ink . lemitting
characteristics necessary to the ink jet head of the -

- 25 -
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25 |ﬁ' SRa is nore preferred for irrp'rove-rrent- of battery'

chardcteristics and battery capacity, and 4 [err]mis nore preferred
to 5 [err]m The fibers used in the present invention are
- 12 not limted as far as they can be made to a nonwoven f-abric
havi ng an Rpy or an SRa in the range as specified in the present:

i nvention bpreseat [aventiRd.ng jocomeding to theetdird Fembwdimawen, fabric
preferably conprises, in an 5 adequate conbi nation, inorganic fibers for
i mpr ¢vi ng hwatith h of <the vibrating plate 5 is 500 um and its

‘thickness is 30um (see Fig. 10). )

In the. silicon substrate 51 of (11) -face_
difection, (111) face crosses structufally'with (100)
face of the substrate at an a'ngle of about. 55°, SO that

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

the silicon  substrate of (100) face direction' are

‘determined, the mask pattern size™ of anti-etching
’ material is brimarily determineém“v}-?lth reference to the
.thicknesé of the first substrate. As shown in Fig.10,
the width 4 of the top opening of the ex_nittin_g chamber
6 is determined 740um \a'nd an etching treatment of 170um
width is done, so that t-he vibrating plate 5 éf a width
h of 500 um and a thlckness t of 30 um is obtained. 1In
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 mask batte-rn width 4 1.

“ . Consequently, it is‘necgsaz_:'y to make: tl:_1e ina_sk pattern
-witith d 1 small by a part corresponding to that of (111)
face 12a undercut, so that it is 730 um in the third
embodiment of the present invention .ané the
predetermined length (170 um) is etched by alkali
etching solution (see Fig. 9(d)).

Next, SJ’.('J2 membrane 41b on the bottom face of the

- gilicon substrate 51 is patterned. The thickness of

the Si02 membrane 41b was 1 um at the stage Fig. 9(b).
- 26 =
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S¥icc and organic fibers for inproving formability into fabric and
& h of nonwoven fabric. As the inorganic fibers used
rably in the present invention, nmention may be made of m cro-glass
10 f§ bers, glass fibers, alunina fibers, whisker fibers, etc. Anong
‘micro-glass fibers are preferred from t he point of good

rsibility due to small fiber di aneter. The nmicro-glass fibers are
ul trjafine Thaso alkdlbearippspaprbd betediang spregeset §bawnsdimriig. net hod
15 fJl aare-inserti-ng nethod, rotary nmethod or the |like and ~generally
havd an av@fdye thgeSifamerbrae siikrignedched by @lkali solution The
averjage fiber dianeter of mcro-glass ° fibers is preferably 3 [err]mor

| es§. By WRBRAg ifi%r othigkness ecreased to 0.3 um. According to
. - the third embodiment, an etching rate' of the SiO2
membrane isﬂvery small, so a reproductivit? of decrease
in a thi;:kness of the S:‘LC)2 .membrane 41b is _good_and
uniform. | . | | ——
Next, a photo-resist pattern (not shown) of a
# shape corresponding to the vibrating plate 5 is formed
; on the.Sioé membrane 41b(41), tﬁzmgkposed portion of theiﬁ
Sioz' mémbrane 41b is etéhed by .fluoric acid etching
solution so as to 'remove the photofresist pattern.
. Simultaneously, all nmaterial of the SiO2 membrane 41a
remained oh the upper fgce of the substrate 51 is
removed (see Fig. 9(e)). - -

After such steps are finished, the first substrate

1 shown in:Fig. f is complefed.

Next, theg manuféctufing sﬁeps of the' second
substrate according to the third embodiﬁent of the
pq?sent inventidn-w;ll be explained with reference to

Fig. 11.

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

42a and 42b on both the faces of the silicon substrate
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nany pin holes. In the case of using this

ers of the smaller average fiber dianeter, a nonwoven ~fabric of-
uni formty can be produced w thout form ng
ralvten [err]mto several hundred [err]m i n diameter.
glass fibers of large average fiber 25 dianeter are used in place of
resulting nonwoven fabric is non-uniform

pi n hol es of about

fakeic an a SgREtatPesist NOHARBAWS eligekr O Ydiuhdf -

corresponding to the shape of the electrode 21 is

formed"on the upper -SiO2 membrane 42a and the exposed

portion of the Sio2 membrane 42a is etched by fluoric

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

In the nekt step, the exposed Si portibn 43 of the
silicon substrafe 52 is boron—doped A boron—ddﬁ?ﬁg
process is shown below. The s1l1con substrate 52 is
held in a quartz tube through a guartz holder, steam
3 of N2 carriers is led +together with
02 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
aéent, then drivenjip within 0,. The exposed part of
Si 43 is a p-type layer 44 fsee Fig. 11(c)). The p-
type layer 44 functions as the electrode 21 as‘shown in
Fig. 7. i | |

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

éio2 membranes 42a ahd_42b on the upper face of the
silicon substrate 52 increases, so in the third
embodiment the thickness of the” Si0, membrane 122 is
made'to increase to 0.2um. Next, a photo-resist patfefn
(not shown) corresponding to the shape. of the _p;type
layer 44 (electrode 21) is formed and the exposed ones
of the Si02 membrane 42a afe etched by fluoric acid
-— 28 -
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&  | ectrical resistance in wdth direction of the separ at or

beqor®es non-uni form and ‘short-circuit between the el ectrodes is caused
dug to the pin holes. Among the micro-glass fibers used for
t hg 5 nonwoven fabric for separator of non-aqueous el ectrol yte

baftery according to the present invention, nore pre- ferred are those
whfch coschieg Fageass remuwing nthet (see Fogt 1%(gy Jwei Jusof ©oali um oxi de
(ip terns of Na[err]O. CGeneral | y used borosilicate glass is not

pr bf err csepend gobsiyese 2 sbown A Fagi.ufh ds abtaingd. netal and a chem -
caf reaction takes place between sodium and Iithium which

nepati ve el ecA¢earddngi vetat B¢ al mkes@lecﬁ nhedd of (dhe | o?laﬂ%n of
bagtery characteristics. That is, considered, that lithiumion is

r gfpl aceBPERIREREURT or?h915p’é%$1%‘ﬂ t &Pl"ﬁé‘ttlr?é"m cFBEgIH=ZE f Phersh@nd sodi um
prec'gap length G between the vibrating plate 5 and the

electrode_ 21 is determined to 0.5 um on the basis of an
ink emitting characteristic of the | ink jet head. ——
Because the thickness of the SiCl2 membrane 41b of the
first substrate 1 is 0.3 um as mentloned above, Tthe

process is carried out so that the th;ckness of the

-'S:ﬁ'LO2 _membrane 42a in the step of Fig. 11 (c} becomes
0.2um..

The substrate 1 and 2 formed according to the steps
above are Jjoined by. a Si-Si direct cdnnecting method

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

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

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

The sizes of the gap length G of one hundred ink

jet heads manufactured are scattered in 0.50 + 0.05 um.
and the thicknesses of the vibfating plates are
scattered or distributed in a range of 30.0 + 0.8 um.
- 29 - ' |
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kFon the surface of Iithiun1negative el ectrode, and as. a resuft,

fhal resistance increases to deteriorate battery characteristics,
cially, storage characteris- tics. 20 M cro- gl ass

S conprising E-glass contain- i ng no sodium oxide or the |like
ude, for exanple, E- FIBER commercial Iy available from Schul | er

Ltd. gn £1kS 1?? ‘jet heads are dEQk G SER1 0GRS ARG &5 K
o- gl ass 7 ber s i'n the nonwoven fabric for separator of non-agueous

trol ytﬁu@fﬂé{-&ﬁsyeﬁfféeiﬁgngpéedhharar gsafteir@deit @ range dfose which
g

rise silica glass contai ning at |east. 99% by wei ght of silicon
ide (igh +eoms Qm/dd erabd ank @rop volumes are distributed in
a range of (0.1 + 0.01) x 107% cc. In a practical

printing test of the one hundred ink jet: heads, good
résults of printing are obtained.

According to the third. embedimen'_t of the present —e—
invention, a gaseous proeess. using BBr3 forms -a p—type
layer and the electrode 21. However;” the p-type layér
forming method includes ones, suc.:'h”as an ion injection
method, a spih_—c_oating method in which coeting egent
5203 scattered ih inorgaﬁic solvent is spinned, and
other method using a distribution source of BN (Boren
nitrogen) plate. . It is possible to use other elements
in group III, such as Al, Ga .in_ order to form p-tfpe
layers.

It is also possible to make the .electrode 21 a n-
type layer supposing that the silicon substrate 2 is a p-
. type substrate. In this case, various doping me;thods
arﬁ used, that is V' group elements such as P, As, Sb and
the like are dopec} making the electrode 21. :
According to the third embodiment, the SiO,
mep\bfenes 41 and 452 - form the gap portions. However,
because it is possible if anyone of the S:’LO2 membranes
is not used to connect both the substrates owing to the
pfinciple of Si-Si direct conhecting- process, one of
the membranes 41 and 42 may have the necessary length
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preferred. By using ni cr o- gl ass fibers V\/mch conpri se

'qglass contai ning at |east 99% by wei.ght of silicon dioxide (in
of- Siqerr]), there occurs substantially no . reduction of

el ecyronotive force during | ong-term-storage 5 of battery which often
occuys_when ordinary m cro-glass - fibers are used. The mcro-glass

| e, those which are sold in the nane of Q FlI BER fron1SchuIIer
Co.,| & fidorfit @0id.etdlAing agent ifdhe &indinadireets comneedimgnwoven
fabrfic for : - . ' -
process obtaining the gap.portion of the same material.

In the third embodiment, the SiO2 membrane of the
gap spacer is used as an etching mask when an alkali
arisotrophy etching process is done and the size of
the membrane _decreases, so _that the face condition a —=——
little deteriorates while an etching step. When the

; face deteriorates to a certain degree, once all the 310
*ﬂ'f membrane is removed by £fluoric ac1d etching agent and
then a thermal oxidization process is used to form SiO2
membrane of a neCessary thickgess obtaining a sﬁitable
gep'epacer.
In addition, according . to _the third embodiment;
coneidering.the specification qg the ink Jjet head, the
eap length is. determined temporarily to 0.5 um.

However, because Si thermal oxidized membranes can be

manufactured precisely and . easily until their

*ﬁ:_ thicknesses reach 1.5 um, only controlling the thickness
of the Si thermal oxidized membraﬁes of the gap spacers.
according to the specification in case that the

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

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

the third embodiment.

(Embodiment 4)
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separ pt or of non-aqueous el ectrol yte battéry according to " the present:
invenfiop are fibers mainly conposed of alumna (Al[err]Jerr]. As
nmet hopgs for the production of alunina fi bers, nention may be nade of

i norglpni ¢ salt hod 5 h o n g ti
conprfsing a E )d%éé %@kgn %h %#%# gfg Eggﬁgk?nﬁﬁéih?Pand a

wat erf- sol ubkﬁep%wé oghgrrhebl oy de%of'{ﬁé‘glﬁk JeVd decoraind

hi ghgr im the air; sol conprlses spl nNi ng a so
or siflica seb, ¢l |P¥‘@f‘tﬁye§rxbUdﬁﬂxenRrQ§f”thez re8enR0! HRIN RS0 W ch

conprji ses dry spinning a mxture a solution containing
pol yal um noggendand sukddrdsed € and eﬁéer talehd | Idubtted eSoh t ii9ich
precyrsor fibers at 1000[err] C or higher in the air; and slurry

met hgd whi ckleerpiddees are foymedi miriengidestical cefthi Ntk of the
a-Allerr]Jerr] fine powders of 25 tess than 0.5 [err]m firing the
resufting pradedsoredfbditiment ~of the present invention and the
explanations for them . are omitted from the —=—:_

specification.’

.According to the fourth embodimént of the'ink“ﬁéﬁ
.#5 | head, a sebond'electrode 46 conéié%ing of a p~type or n-.“
type impurity layer is formed on the gap opposed faée 45
.6f the vibrating plate 5 as shown in Fig. 1é 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?embddiment is the space.
distance - bétween the second electrode 46 and the
electrodé 21' on the second substrate (see Fig. 7). The.
distance holding' means is constructed by the siO2

* membrane 41 formed on the bottom face of the first

sqbsirate 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 _SiO2 membranes.-

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

_First,'both the sides of a silicon wafer of n;type
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at 1000[err] C or higher and further passing the fibers - through a gas

flame at 1500[err] Cto sinter the crystal grains. : I

-1 15 - . The alum na fibers are, for exanple, those whi ch
re commercially available in the nane of SAFFIL fromlC Co. (U K),

N

um na[ egr ]s§' %%@@é@ré‘é&dsbnotfhpa ”QEHPA/ESess 200 um (see Fig.

i3(a)), the silicon . substrate 53 is thermally
oxidization-treated in an oxygen—-steam atmosphere at )
1100°C for 4 hours in order to form S':'LO2 membranes 41la -
.and_.4lb of thickness 1 um on both the faces of the

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

Next, 6:1 the lower Sioz" membrane 41b, a | ph"d‘t‘b"'?
resist pattern (not shown) correspondlng to the shape of
the electrode 46 shown in Fig. 1_2 and a lead (not shown)
is 'for_med, and the exposed portion of the Sioz mémbrane
41b is .'etched and removed by fluoric acid etching .
agent in order to remove the photo-resist pétt‘ern (see
Fig. 13(c)). -

At the next stage, the exposed Si. portion_. 47 of
the silicon substrate 53 is doped accordin§ to the
treatment process identical with that of 'l';he thﬁ.rd
* embodiment of the present invention in order to form a p-
- tsipe laysr 48. The.p-type layer 48 functions as the
second electrode 46 (see Fig. 13(d)). |

A photo-resist pattern | is (not shown)
_cor_'fesponding to ‘_the .shape of the nozzle holes 4,
emitting bhambefs 6 and the like are formed on the upper

Sio

2 membrane 4la. The exposed portion of the S:i.O2
membrane 41a° is etched to remove the photo-resist
pattern (see Fig. 13(e)).
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Fi € for separator of non-aqueous electrolyte battery according to

t fe present invention are those which com prise 40-60% of alum na and
6@- 40% of silica, and these 10 are produced, for exanple, by the foll ow ng
t hods. An alumnaferr]silica raw material such as kaolin cal cination
poduct, bauxite alum na, siliceous sand or silica powder to which is
added, if necesgney, fodrlaiwiry astepsi rednitthe manufEcHUniAPXipdecesst he
li)ke is nolten at a high tenpera- 15 ture. The resulting nelt is made to

- fijoers by liren nidenticel hed thhitdiatconhr thes thliowl regnhmdmnensedfalttheor
steam °~  jet to the nelt or by spinning method which utilizes

trifugalinkor detof heafotandr dike i AgOgt neghrg}seednb ifhep@ttern-

mnasilica fibers are commercially available, 20 for exanple, in the
of S AFEEYESC $@ oRSSHH-T@TM cth@ vibrating plate 5, nozzles 4,

emitting chambers 6, orifices 7, and ink cavity 8, and
gap porfion between the vibrating plate § and the second
substrate (see Fig. 13(e) to (g)). , ——
.Similer to that of the third embodiment, .vario'us
methods can be used to form the “electrode 46 “and
r’ various kinds of | dobants can i;e“_;used to the dopihg o
peocess: | |
According to the embodiment, respective vibratiﬁg_
plates 5 has respective driving electrod_es 46 formed
thereon, so it is possible to obtain a high speed
driving of the oscillation circgi,t, or a high printing
speeé of the ink jet head of t}'xe present invention.
According to the third embodiment, the highest
driving frequency for 'fqrming independently ink drops
*:;_:: was 5 KHz, however in the fourth embodiment, | the
hlghest driving frequency is .‘2 KHz. Also, the lead
wires for connecting respective electrodes 46 and the -
osc':illat-iou circﬁit a're integrally and simultaneously

-~

formed with the electrodes 46 attalnlng a compact and

high speed ink jet head.

(Embodiment 5)
Fig. 14 shows a partly-broken exploded perspective
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ChenJ;él Co., Ltd. and-in the.nane of FI'NE FLEX from Ni chi as Co. , Lts.

The fock wools used in the nonwoven fabric for separ at or of
non- dqueous el ectrol yte battery according to 25 the present invention are.
produted, for exanple, by the foll ow ng nethod. Bl ast-furnace slag as
a majn raw material to which silica, dolaonite, linestone or the |like
i s a;ided an¥igyl @ Hee 1508 Ogdo head oh thecfiifdh lﬁmlmdlment of the
- 16 nace, and the resulti ho en '
. present 1nvent:{on. 'ﬂmge J ig :;eeo'ys eaé IS mad flfth_‘
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 ———r_
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 1 _ o h

Fig. 5 shows the manufacturing steps of the first
substrate according to the fifth embodiment of the-
present invention.

First, both the feces of silicon wafer of (160)
face direction is m.icro'-polis}?xeg to manufacture a
gilicon substrate 54 of a thickness 200 um {'Isee Fig.
15(d)), and the silicon substrate 54 is thermally

oxidization-treated in an oxygen and . steam atmosphere

) ii-.‘h::

at 1100°c, for 4 hours in order to form sio, membranes
41e and 41b of thlckness 1 um on the s:.l:.con substrate
54 (see Fig. 15(b)). . -

Next, a photo-resist pattern (not 'showr_x).
corresponding to the s_hai:es* of noz_zle holes 4, emitting

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

2
41a, and the exposed portion of the Sio2 membrane 4la
is etched by fluoric acid etching agent in order to
remove the photo-res;st pattern (see Fig. 15(c)).
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filbers®by dropping it on a high-speed rotator at 1400[err] C. These
ck wools are, for exanple, comercially avail able in the nane of S
FIBER FF from Sin-N ttetsu Kagaku Kogyo 5 Co., Ltd. and ROXSAN FI BER from
ahi Flber 3 ass Co. Ltd. . : Amount of the inorganic

fith th '
s ?L; f hSeZEpar B §*gﬁ2?g?2§%°”%ﬁg&%%§'%%?gﬁéﬁt i
punt o e _i_horgnic 0%

Si stangé'tl ¥t efY or a% ggrs éfkélfésrr% gﬂfhar{ gk% dijsl)y wei gh?gtstrengt h
of Lhe NARMRER-da | gtéﬁ%sas'iﬁ»ocess b&&@é‘ffbéaoﬁgﬁ@é‘géfé’e{é Rée Se

g¢neral | y "have Oganic fibers used
p eferab'tm'ﬂa téﬁbea%@wt the! @z\b%ra;tlleonhbmééudﬁ bhasethd ©he thang of

strand which are _ .

" chamber 6, etc. are'formed and then the SiO, membranes
41a and 42b of anti-etching material are removed by
£fluoric acid etching magnet (see Fig. 15(d)). - —

Next, boro-silicated glass thin membrane - 49

functioning as a gap Spacer prec:Lsely restricting the

.+¥:' dlstance between the vibrating plate 5 and the electrode““

21 and as a combined 1ayer.gttached by an anode bonding
method is formed on‘-the lower face of the silicon

. substrate 54. | |
Eirst, a photo-resist pattern'so corresponding to a
shépe of the Gibrating'plate 5._is forﬁed on the bottom
face of "the silicon éub;trate 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)); the silicon substrate 54

1% sintered in organic solvent, is added with ultra- .
sound v1bratlon in order to remove the photo—reszst
pattern 50. Consequently, a bqro-5111cated glass thin
membrane 49 of a gap spacer is formed on the portions
or places other than that of the vibrating plate 5 as

shown in Fig. 15 (g).

The spattering conditions of the boro-siliéated _
glass this membrane 49 are shown below.
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3%
preered fromsynthetic resins and, in addition, organic fibers at
| east -a part of which are flbrlllated to 1 [err]m or less in fiber -
di aneter. These fibers also include 20 heat resistant organic fibers
having a nelti ng poi nt or heat deconposition tenperature of 250 C or

hi gher -and %Fg}ﬁgbk%9§ﬁ§atlon nade #774'”11£E9a9JC %$§ §glf%the

form of strand us € present i nvention are pre fer'4 l efin

fi- 125 berisfpélpéé@fﬁg[l el A0 SBERYEA g b&fzﬁoéﬁﬁéi‘ |2 g0y a3 C-OhO'I

fibers) whi are I na in’batterres. The are

t hose whi ch gegpra p&}é@éﬂé” 5m TSRS SaC RS Mé&et Mot 2 andi s
pol ylpr opyl ene. Not2

impres_sed. Thus, 0.5 um thickness glass thin membrane
49 is obtained. |

'The second substrate 2 and the third substrate 3
shown in Fig. 14 and used to assemble the ink jet head ——r
of the present invention- are manufactured by the method
of the third embodiment. The flrst substrate 1 "and
*ﬂ third substrate 3 ' are anode ' bond:.ng or attached o
ihtegrally. by the method of the 'third embodiment. The '
vibrating plate 5 formed on the substrate 1 and the
electrode 2l1 formed on the substrate 2 are matched in.
their opositions and ' they are abutted. Combined
substrates 1 and '2 are heated tob' 3,00°C on a hot plate, a
DC voltage 50V is impressed to them for 10 ﬁinutes with
the first substrate being plus charged and the second

substrate being minus charged.

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

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

It is possible to form the boro-silicated glass thin

lslsiiii[ llii‘iﬁsmelnllleﬁaced |
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-§17 .- thé fibers in the*fornfof strand, but also fibers. in the

fbrmof pulp made by fibrillating polyolefin resins may "~ be used.
Furthernore, heat fusion bonding fibers com prising polyolefin resins
can also be preferably used and- 5 they generally conprise two resins in
conbi nation. The core portion conprises a high melting point resin

P 25 | moARRRACDS LES! RoBh, Aot B A4S0n OB 8B -
tethg)r/nl'e?ﬁ-s?/gﬁ)ﬁbo%l %‘phoﬁgtv&é ygﬁét %Slé]?&%ebgeoccurgaggtde\% op l'tsltftr?éengt h.

Li ke polyol %fb't'%:mlng the same effect.

| The boro—silicéted glass thin membrane is formed by

the .method of the fifth embodiment on the second
substrate 2. 'iﬁ an anode bonding of the first
substrate and second substrate, a DC voltage 50V- is —e
impressed to them with the first substrate being charged

pPlus electricity and the second substrate being charged

minus electricity at a temperatuié_ 300°¢ obtaining the

G

ink jet head of a quality and a performance identical
with that of the fifth embodiment. |
| According to the fifth embodiment, it is.possible
to bond the first substrate.and the second substrate at
300°C obtaining the effects mentjioped below.- | | .
"It is possible to use not only p—fypé or n~type
impurities of the thifd embodiment but alsd, for -

example, a metal membrane or film of Au or Al, eté.

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

‘;:-';"-r;'v'

thF electrode formed on the second substrate. When
such metal film is used, it is possible to décrease
electr:c resistance value of the electrode 1mprov1ng

dr1v1ng frequency of the ink jet head.

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

- 38 -

Sheet Has Been RTlaced ]

"I




fifoers’, the pol yester fibers and vinylon fibers can al so be used in
tHe formof fibrillation product or heat fusion bonding fibers as well
in the formof strand. 15 By using organic fibers at least a

pgrt of acebirairdf € £bbrithieat aghiten 1 bRbblIMRNY €S§f1 N thicberprlisuppt er,
afuniform nonwoven fabric for separator of non- -aqueous el ectrolyte
orfjganic fibers at least a 20 part of which are fibrillated to 1 [err]mor
ss i*n fi babstratdli ahevéngarelddiaseied Eoraiedd ptheeesnd &f the fixikow ng
t hods. Organic fibers cut to 5 mmor less, preferably '
3 lmm or | egetachead awofattie asintlk dmbpdimeht rhaweder the 2tpicparesa
syspensi on. Concentration of the suspension is at nost 25% by wei ght,
ef er abl y ilep@%dal wei gihtthabref the third embodiment.

The first substrate 1. of the sixth embodimen_f is
méde of the silicon subs.trat'.e 57 having a p—-type silicbn ;v_._
subst.rate 55 and. a n-type Si layer 56 epitaxially
grown on the bottom face. “of the p-type silicon
*_ substrate 55. In detail, a par%wa the p-type silicon o
sﬁbs"crate 55 is selectively etched through an electric-—
chemical ‘alkal.i arisotrophy etching process | {be
expléined later) in order to remove the part
obtaining a -vibrating plate_ 5 of a precised thickness.
| The manufactﬁring steps of,‘. the first substrate of
the sixth’ embodiment ié shown in Fig. 17.

First, both the faces of a silicon wafer of p-
type (100) face direction afe mi;ror—polished in order
* to manufacture a silicon substrate 55 of a thi.ckness

R 1'2(0 um, and n-type S:i layer 56 of a tizickness 30 um is
ep'itjaxially grown on a bottom face of the silicon
substrate 55 obtaining a silicon substrate 57 (see Fig.
17(a)). For ex'amp::le, boron is doped into the silicon
substrate 55 and its density is 4 x 10%° cm™3. Al is
doped into the n-type Si layer 56 and its density is 5 x
1015 cm-s. .'I'he epitaxial gi:-owth process above can form

a Si layer 56 having a uniform thickness. It is
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dreferably 1- 2% by méight. Thi s suspension:is I nt roduced -into-a
hi gh- pressure honogeni zer used for preparation of :

- 18 -, emud sion or dispersion to apply a pressure of at |east 100
kg/cn{err], preferably 200-500 k%é;n{eyr], nore preferably -  400-500
kg/ crf er r PasRikIRe $@spePRtBAli $heepdridmess| Mdtdd 8llovgngass t®rdugh t he

honogeni zer, durjng which a shearing 5 force generated by allow ng the
suspensi o™ £L ot 1§ gkarget 94 38 UPhe honogeni zer wall at high speed and

rpptdly o Tedque P9 L SRSRidSn RIS % 0182 b EoubhE" SanddE

heat-oxidization-treatment in én oxygen-steam atmosphere

at 1ioo°c, for 4 hours and Sio2 mémbranes'41a and 41b

of thickness 1 um aré formed on both the faces of the

silicon substrate 57 ksee.Fig,-17(b)); | —w
A photo-resist pattern (not shown) corresponding to

the shapes of nozzle holeé 4, "emitting chambers 6, &nd

'F;L'  etc. ié formed on the upper Sioélgékbrane-dla, a photo- a

resist pattern (not shown) corresponding to . an

eleétrically-led opening portion 58 is formed 6n the
'loﬁe; _Sioé membrane 41b, then the exposed portioﬁs of
the SiO2 membranes 4la and 41b are etched by fluofié
acid etéhing agent in order to%rgmove the photo-resist
pattern (see Fig. 17(c)). |
Using the apparatus shown in Fig. 18, the electric-
Ehemical.arisotrophy etching steps aré ca;ried out. As
*': shown in Fig. 18, a ﬁc éo;tage of 0.6V is.impressed when
n-typeCSi layer 56 is chafged plus and plati;um p;ate
80 is charged minus, the silicbn_substrate 57 is sunk in
KOH - solution (70°C) containing isopropyl alcohol
carrying oét" an _etching step. When -the exposed -
portions of p-type silicon substrate 55 _(thé portions a |

Sioé membrane 41a fails to'cover)_are complefely etched

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

plus. DC voltage preventing the etching process from

- 40 -~
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#fec_t‘of'the application of sheéring force is to split the fibers in
he direction parallel to the fiber axis 10 and | oosen them and thus the

fibersTare gradual | y fibriI- | at ed. The organic fibers
fo be fibrillated are . _preferabl st_one_kind.o frber sel ected
irom prOCBSWﬁ%pyI Eald) ftPB@rs“"tﬁJI ‘gl??\yleér? Mpet§, T1EASHS Ipentene

| bers.and .acrylic fibers. Further e t .re a t anic fibers
ar e sf‘i gl substnatg Pfp& fon&i"lty%%r)éll anﬁﬁi ér? %1 ri ﬁ{)g

phenyl.§ §?ﬁ: ( oxazol e fibers are preferred- Especi al I y preferred are
pol ya?‘ I 's and 20 pol y-p-phenyl enebenzobi soxazol € fi bers.

The aram d 4 begs aﬁgxtthosﬁggg,chaaﬁﬁoQWsefst (not shown) of
é. shape corresponding to the wvibrating plate 5 1s
formed = on the. lower SiO, ‘membrane 41b, 'an_ ‘exposed
portion of the ".s.i'Oz _membr'ane 41b is etched by fluoric—%..-_—
acid etching' agent and the .photo-resist 1s removed.

Simultaneously, all material of the 8102_ membrane 471a

rema:.ned on the surface of p-type "silicon substrate 55 .
and the first substrate 1 shown in Fig. 16 is obtained

{see Fig. 17(e))f

Other steps them that described above are identical
that of the third embodiment. The thickness' of the
vibrating plates' of one hundg_éd (100) ink Jjet . head
manufacturing by the éteps of thensixth embodiment ére
distributed in a range oOf 30.0 * O0.2um and it is the
_thicknesé precision of n-type Si layer 56 formed by the
epitaxial process. When the ink jet head of the sixth-
emf?odiinent is driven with 100V, 5-.KHz,_ the emitting
speeds of ink drops are distributed in & range of 8 +
0.2um/sec. and the ink drop Volumes ere in a range of

“8cc, resulting in a good printing.

(0.1 #0.005) x 10

(Embodiment 7)
Fig. 19 shows a partly—bfoke_n perspective view of

the first substrate used in the ink jet head according

- 41 -
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'ng to fibers poly-p- phenyleneterephthalan1de | pol y- p- benzam de,.

by

pol y-p-am dehydr ozi de, pol y- p- phenyl enet er epht hal ani de- 3, 4- di phenyl
ether} 25 terephthat anide, poly- m phenyl enei sopht hal am de, etc. - These
are preferred because they are excellent not only i n heat resistance,
but

$0 in %U Q:@)%t seventh- embodlmen-liheofa‘rﬁ% daééggfﬁ Eﬂﬁr\ﬁﬁf onexa'm{é
ciallygguap| bwnggﬁdof tKEVLARira  shibabrduent %prwwl ar
Tel<j i n, L|n1te an .

electrodes are formed on the ink Jjet head of the
seventh embodiment and the manufacturing method of these
substrates are identiéal with that pf" the third

embodiment, so that explanations for them are omitted

from the specifidation. . _ [

The first substrate 1 of the seventh embodiment is

obtained by treating a silicon substrate 63 formed by an

epitaxially growing of n-type rgi& layer 62 on the
' bottom face of the b—type silicon substrate - 61. A
.crfstal face difectian of p-type silicon substrate 61
is (110). Acpérding to the silicon substrate of (110)
face direction,  as _well known the (ill) face
: perpendiculérly crosses to the.§ubstrate face of (110)
face direction in  a direction (211) and an -alkgli

arisotrophy etching' process enables to form a wall

structﬁre perpendicularly to the substrate face.
The éeventh eﬁbodiﬁen; uses the fact above, and

: pifch distances, when a number of ink Jjet structural -
units consisting,of nozzleé and emittiné chambers, etc.
‘are employed, are_lnarrowed_ realizing a high density
arrangement of the nozzles. h

The manufacturing steps of the first substrate of
the seventh embodiment is shown in Fig. 20.

- The steps'shown in Fig. ZO(a) to (d) correspond to

that of the C-C 1line sections of Fig. 19 and steps of
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EX fromTeijin, Limted, TWARON from Japan Aram de Co.

ol yol efin fibers such as pol ypropyl ene fi - 5 bers, polyethylene fibers,
ol ynet hyl pentene fibers, etc. and acrylic fibers are preferred
ecawse they are excel - lent in resistance to electrolyte.

OlynEthyIpentene fibers are excellent also in heat resistance and are
flur t her YRRt t.ene ers ake _nrepared
y IOOI y%r?ﬂ? &%2 &t A Rt %?El&q%t g?n&élegsﬁaﬁne%%gt sSqtibnl

ropyl ene gy ﬂ%klng the polyner to fibers. The heat
rlesi st ant organlc fibers anong the - organic fibers used in the present

vention mean ffied€, botthl ehe dgael B! thle doLPIDORE wRMRIT abf 2pQ C and

e less in deteriorati on even after storage for nore than 1 nonth

N a high-tameer piu0p Faes pirer forR08ker mi rdorMy el iiend fte form a

| silicon substrate 61 of a thickness 170 um, netype Si
1eyer 62 of 3 um is formed on the bottom.face of the

silicon substrate 61 by an epitaxial grown etep, and _.

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

For example, the silicon substrate 61 is doped with—B
*’E' : (beron)' and its density is 4 :};------~*1015Cm—3" and the n-
type.Si laﬁer'ﬁz is doped with A and its density is |
5 x 10% en 3. In the epitaxial grown step, it is
possi_ble to control the target thickness 3 ﬂm within
the allowence_i 0.05un.

Next, the silicon substrate 63 is_.thermally
oxidized—treaped at 11od°c in an oxygen and stean _
atmosphere in order to',form S:’LO2 membranes‘ 41a and_ 41b
of the thickness 1 um on both the faces of the silicon
substrate 63 (see Flg '20(b)}).

( A photo-resist pattern (not shown) correspondlng to .
the shapes qf cavities and ink cavity, éetc. ;s.formed'
on the upper SiO2 memﬁrahe. 41la, a photo-resist pattern
{not shown) corresponding to an electrically leading
opening. portion 64 is forined on the lower SiO2 xﬁembrane
'4;b, and the.exposed porfions of the Sin.membranes 41a
and 41b are etched by fluoric acid etching agent to
remove the photo-resist pattern (see Fig. 20(c)).
- - 43 -
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caj#y, they include, for exanple, polyphenylene sulfide fibers,
pofyaryl ate fibers, polyether ketone fibers, 20 polyimde fibers,

po} yet her sul fone fibers, pol y- p- phenyl enebenzobi soxazol e fi bers,
argmed fibers, pol yani dei m de fi'bers, and polyether imde fibers. O
‘these fibers, pol yphenyl ene sulfide flbers pol yaryl ate fibers,

polyether ketone fibergs Pehwi Mgled i beES, thab RHai-hasssed f opatkibass and
pon p- phenyl ene- benzobi soxazol e fibers are preferred because these

e no sdrecspaidiang €6 betd eshapearatt ahiest émst afifgarchambeSUuBgri oOF
I n battery storage characteristics. Among them
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 dfop density per an inch is 360
dpi (dot per ipch).
Next, the électric-chemical arisotrophy ‘etching ,;_
mentioned above is applied to the silicon substrate 63
through the method identical “with -that. of the sixth
? embodi-ment and the etching is” done until the p-type -
si;icen:_substrate 61 is broken through (see Fig.
20(4)). 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 arieptrophy etching process
forms a photo-resist pat'te::n (not shown) corresponding
to the nozzles 4_and the orifices 7 on the SiO2 membrane
41a which is a 1itt1e.thiﬁned, a photo-resist membrane

(not shown) covers all the Jower Sio2 membrane 41b,

'._.-_ .
..-l’.l-' ..-'

f%uorlc acid etching agent etches the exposed port1on of
the 8102 membrane 4la, and the photo-reSJSt pattern is .
removed.(see Fié. 20(e)).

Next{-identica;'with the steps shown ‘in Fig. 20(d),
an- electric-chemical etchihg. process etches the
substrate until the nozzles 4 and the orifices 7 of
thickness 30 um are formed (see Fig. 20(f)).

Last, the whole silicon substrate is sunk in-

fluoric acid etching agent to remove Si02 membranes 41la

- 44 - .
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. for exanpl e, poI ypheny] ene sulfide fi bers are comrerci-al -
vai | abl e from Toray Industries, Inc. and polyaryl ate fibers are

l'y

conpercially available in the nane of - VECTRAN -from Kuraray Co. Ltd

andj EKONOL from Sum tonpo Cheni cal 5 Co., Ltd. and -

pol - p- phenylenebenzobisoxazole fibers are comercially available I n

t he} nane of PBO | BER from obo, Co. A?

fibfous bi A8 & eaW|P¥¢EFpF85 rain tPﬁve 15h, SPHgFgﬂﬁ%r% g ed al one
or fn conbj natl 0, tho cal e e n t he
fibgrs b ng&é)r tal &5 QPF %ﬁlﬁgaé]gﬁ%é{@g i|'b| %Hﬁgdbl ndi ng

power bet“%ﬁnéﬂé“433ui99§8 ¥E£§43§§béfkawécﬂecomes 55 um which is

a little enlarged by undercutting during the etching
stepl The pitch distance is 70.7 um, so it is said the
first substrate obtained has thé ideal measurements.
The most suitable vaiue of the width of the cavity.is-—%:h
determined due to ink  emitting characteristic.

Considering the undercutting, the size 'of the photo-

'.'f resist pattern is determined tam-obtaln the ideally-

‘shaped cavity.

({Embodiment 8)
Fig. 21 is a partly—ﬁroken perséective view'of the
first substrate of the ink jeg head éccording to the
_eighfh emﬁodiment_ of the preseﬁt invention. The
vibréting pléte 5 in the ink jet head of the, eigbt

embodiment of . the present invention is a bo'ron 'doped

* la§er 66 of a de;isity and has a thickness identical

———

w1€h that of the necessay vibrating plate. It is known
that the etching rate of alka11 used Si etchlng step
becomes very small in the range of a hlgh density
(gbout 5 x 1019= pm-s and moré) when the dbbant ié
boron. . '
According to the-eighfh embodiment using the facts-
above, the vibrating 'plate forming range is supposed

that a high'density boron doped layer. When an alkali

'his Sheet Has Been Reﬂlaced
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the fybers per se dissolve partially or - wholly in water or hot water
and Wi ndi ng power is.produced between fibers 15 in the drying process,

t hosgq of a type in which. binding power is produced by hydrogen bond
betwgen fi bers, and those of a type in which binding power is produced
be- tween fibers by entanglenent of fine fibers.

Prefdrred exmipbtsophyt eachipgofeomshddrs erittimgyvehambari iShand the yester
fiberls, polyolefin fibers such. as pol ypropyl ene fibers, polyethylene
fiberds, conpelicavity &, RacTbiff ietFRipS| FEPRy LERENERES ol YprHpiene,

- ite fibe | Si | I t hyl - vinyl
Sf’?‘é o copbgnBrCHRSTARHA ciTAPEYIN HPPESTEI et pRBpate 2R HirRn

| ef i in, I ). de, fib -and_ nat L sVinyl fi ,
ol Y41 of i 1 FoneRs IBIRFABE rp SNPGRAY pFORBY ot SR BOPRRRANS MU Sre

morejpreferre
an

9 emitting chambers 6 of the necessary shépes.
The manufacturing steps of the first substrate
according +to the eighth embodiment of the present~f*:,

invention are shown in Fig. 22.

First, the faces of a silicon wafer of n-type
(110) face direction are mirré?ggglished in order to
form a silicon substrate 65 of a thickness 200 um. . The
siliéon substraté 65 is brouéht under a tﬁermal-
oxidization treatment of 1100°C for 4 hours in an oxygen
and stean atﬁosphere so as to form sioz membranes 4ia
and 41b of thickness 1 um onh__b,oth,the faces of the
silicon substrate 65 (see Fig. 22(a)). '

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

‘corresponding to thé shapes of the vibrating plate

{boron ’dobed laver) §6, ink cavity 8,_ electrode le.ad_s
(q?t shoﬁn) is formed on the lower Sioz membrane 41b,
th; exposed = portion {(part corresponding to the
-vibrating' plate, iqk 'cavity, leads) of the SiO2
membrane 41b is e;ﬁhed by fluoric acid etching agent,
and the photo—reSist' pattern is removed (see Eig. 22
(b)) |

The exposed Si portion of the silicon substrate 65

z
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bec ﬁwe t he resul ting nonwoven fabric is high in strength

- 21§ - ~and superior in heat resistance and resistance to el ec-
trolyte. : Length of fibers constituting the nonwoven
fabrfc for- separator of non-aqueous el ectrol yté battery 5 in the present
invehtion is not limted as far as they . have a | ength enough to be
abl g to bejgubj &si&ed A 4 boron. PARYe MRkbBEmehY! rﬁétﬁédp §8P g1-30
mm §f the I'ength of fibers is less than 1 mm |ess |nter ockihg of

- is identical with that of the third embodiment and the

boron doping layer 66 of a boron density 5 x 1020 ¢p~3

and | of a dopéd layer thickness 10 'um is formed (see
Fig. 22(c). In order to attain such high density of
boron and _high thickness of doped layer, it is

preferable to employ a spin-coating process of 3203-~w—

agent and a diffusion procesé using BN plate of various -
methods described in the.third:émbodiﬁent above. It 7i§
poésible to employ anyone to é%ééin. such doped 'layer
abo%e. |
Next, a _'photo—resist pattern (not éhown)
correspopding to the shapes of -emitting chambers 6,
ink cavity 8, and etchihg end detection battern 71 is
fdrmed on .the upper SiO2 | mempnane 4la, the exposed
. portions of the SiO2 membrane 41la are etchéd by fluoric'
acid etching agent, and"the.'photo—résist §attern is
removed '(see Fig. 22 (d)). | The pgoto-pesist pattern
lﬁ.ﬁia corresponding to_the emitting chamber_é has a width 50
) um(and apart-distance ffom the neighboring patterﬂ 20.7
um, which are identical with that of the seventh
embodiment. | | |
The silicon substrate 65 is brougﬁt under an alkali
arisotrophy  etching treatment. Etching agent .6f KOH
- solution (density: 20 weight %, témperature; 80 oC) was

used. As described above, the etching rates of silicon

q alkali etching depend on as shown in Fig. 23 the boron
Hai\fﬁ\ei'\i\eﬁird




the desired .
obt aifned, an
The di ameter

drably 04153 ﬁl\%.fﬁs holwfever i hendi Bakodi %E%‘herdérﬁsﬂ%{]eréﬁ g8 %he

t he nunber fi bers decreases and not on

dr s,

doccurs and, as a result, the strength provided by 10 the heat
“bonding is insufficient. On the other hand, if it is nore than
the fibers get tangled in the slurry and a uni form nonwoven
-cannot . be ob- tai ned. When such nonwoven fabric is used as a

for non- aqueous electrolyte battery, the separator can 15

S5, W00 61 e BEeSaN ol Ypnarrasda o

(0] tery C ter I ¢S canhnbt

% :{@ef gg%%es%' e} f‘?era%?yat rggi %t@?ﬁ%daesaess S©NaHBLEOr M

ers is pre 5 20 deniers or less and nore

e strength of
etching rate lowers to about 0.01 um/min.

Becéuse the thickness (designed value) of the

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

: and remove only 190 um of the total thickness 200 um—ﬁé;_

of the silicon substrate 65 in order to form the
emitting chambers 6 and the iﬁk_cavify 8. 1In practice,

it is difficult to make . the thlckness of the vibrating

plates 5 uniform since the thickness values of “the

‘'silicon substrates 65 distribute in some,range-(i 1 to 2

S um).

'ACCOrding to the eighth embodiment, the process
mentioned below can form the.tnquness.tc the vibrating
plates co:?ectly. |

It ié-necessary.to etch the silicon subétrate for
about 126 minutes 40 seconds calculated in order_ to
etch and remove 190 um of =a thiékness 6f-the silicon
su(-‘bstrate_. In order to etch a' thickness 10 um, an __
etching step for about 6 min 40 sec. is' necessary.
Consequently, in -order tb etch and remove 200 um

thickness, a total time of 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 i.s done. After a
start of the etching process and about 126 min. 40 sec.

- A8 -
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“nonw@®™®n fabric decreases, but also unifornity deterio- rates and pin
g are formed. 25 : I n maki ng separators of non-aqueous

el ectfr o- | yte batteries, there may be used, in addition to the

fi begs, various additives for paper meking, such as - dispersing agent
§hi ckeni ng agent for attainj ' '

| ﬁnl??ﬂgﬂﬁﬁﬁd e???'&f“en’tgn(gré’ﬂ'hcpfoneyf’hfﬂg AFWARGS £ 2By | the
Jant o BpURRo haRBaee b0k I Ane h82 2B eronfif) 9ndd Shumhp2 ™Y
reaches about almost a. boundary of the boron doped.
layer 66 or the boundary itself. While, on the etching
end detection pattern 71, similarly about 190 um has
been etched. Continuously, an etching of about 6 min 4(_)
sec. is carried out. If.the etching face or front does —=—

not reach_the boron doped layer 66, it proceeds at an

etching rate of simil-arly 15 “um/min’ When the etchiryg -
front reaches the boron doped l-'ai;—e?} 66, the etching rate
suddenly drops to about 0.01 um/min, consequently only
about 6 mih at most of the etching time -lehgth cannot
etdh the boron doped layer 66& obtaining the vibrating
plate having a boron doped layer of thickness 10 um. On
the contrary, on the etching eg_}d, detectibn pattern 71,
§imilar1y' the etching step advances at an etching rate
of sbout 1.5 um/min. At last after the et-chirig for a

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

¢ | is formed.

_ ( " As - described abc;ve, the etc'h'ing_ time necessary to-_q__
make the through hole is distributed owing to various
thicknesses of the silicon substrate 65, so it is

necéssary ‘to ‘detect when the through hole 72 is

completed at the time of .about 133 min being elapsed
i after the etchﬁng starts through wvarious means (for
example, seeing observation of the operétor, applying a
laser beam on the etching end detection pattern from a

- 49 -
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%‘Qati ng or inpregnation for the purpose of inproving 5 various

peff ormances required for separators of non- agueous el ectrol yte

ba
Fu
Oi
bi
se
pr.
- Th
el
S
th

*"5" various thicknesses portion by portion of the substrate

teries, such as strength, heat resi stance and fol di ng resistance.
t hernore, organic bi nders such as various water- soluble resins,
-sol uble resins and | atexes may be used in place of 10 the inorganic

ittt g6 anasn S iy S,

arators of non- aque 1S no Ye& but is

\f er abl 00 f ;
era .‘l'lghi: AL B i g g‘i'éﬁeﬁrtelﬁéé%d on aﬂ@fl@rg If'{hpeon aqueous

ckness ol the nonwoven fabrlc for separa- tors o
ectr ol yhgthathe wken! stmep’t thfblibkalhole 1§nob<slﬂeléhéape %gw“@‘isn fabric.

preferred because - batteri es can be made snal wever
cknesszpge)).
| Next, similar to that of the third embodiment, a
pattern mac.hining for restricting the distances between
eiecifodes formed on the -second substrates is cérried e

out so as to obtain the first substrate 1.

Notwithstanding that the silicon “substrate 65 “has

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

- process about has a pfecision of 10 + 0.1 um. .Such
error or allov;rance of + 0.1 um seems tha-t. it depends on
distribution of the boron doping depth, and does not
depend on the- distribution .g_f_, the alkali etéhing
results. - )

According to the eighth embodiment of the ink jét

head, the precision of the thickness of boron doped

*_-5_.., layer determines the thickness ©precision of the

vilerating plate. In order to obtain the correct —
. thickness precision in the' range of  about 10 um
.thi_ckness',' it is the most p’r'eferable method to use BBr,
of. the diffusion source. ‘However, if the treatment
condition is. made .to the most suitable one, other
1.n'ethods cén be used to attain the:  doped thickness
prec:Ls:Lon correspondlng to that obtained by the method
of BBr diffusion source.

- 80 -
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characteristrcs an e
with the borBIF!8ofifig/8tepusdit MA0SviBEaRIAGIPIUe, the
brics having a thickness non-uniformty index '
doping is done to the leads continuogs to the vibrating
pléte. Because that the ‘driving electfodes having the

structure identical with the vibrating plate of the

fourth embodiment and correspbnding to each - vibrating

plate of high density boroh,doped portions are formed, —

it is possible also to attain an improvement of the

driving frequenéy.
In addition, sccording to the eighth embodiment, n-
type substrate is- used fgﬁ the silicon substrate,
however if p-type substréte is used for the silicon one,
it is possible ‘to form the bofon ‘doped vibrating
plates. |
| The substrates anode-junction methods of - the
present inventi§n will be éxplained with reference to

the following embodiments 9 to 12. .

(Embodiment 9)

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

th, formation of no pin holes and uni- formty. If the
ss is less than 10 [err]m rejection rate due to short-circuit
i cation of "batteries ‘increases. If the thickness is nore than

o £5) henrashl SR CERE LA AL, bRLSKRERA:L U SR e

the ' anode bonding method acfording to the present

-inven'tion.. It shows a section of a bonding apparatus
used to the methodfand of the substrates while they are
‘bonding. Fig. 25 4is a plan view of the bonding
apparatus.

The ninth embodiment' showﬁ relates to an anode

bonding method ' for bonding or the first

- 51 -~
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- Rpy of 1000 nV or Iess but generally they are produced
”»,ersrng the fibers in water and then the dispersion 1's subjected
® Ppaper making process. In this case, - the dispersion

tration of fibers is preferably as 5 low as possible and the slurry

con tratrfn | S prefera- 0. 01-0. 196 y.wei ght. Lengt of the fibers
i r%fers"' 1°°§bﬂ"b§§r§¢@rt Jasa%syi‘frl EeﬁPP ﬁ’°§'l?c'l"?3a1
; bergﬂ ? g be formed into a web. FurthernDre |s preferred
%g %8 88 amount of a di spersing 10 agent dependrng on the fibers

rther nore, vari ous Eﬁgds can for

adjustnentTBF tQQﬁ?ﬁﬁﬁ;(ﬁ 9§ﬁ§$%§ul?an nmﬁﬁ%ﬁ éﬁ%éégﬁ%nsnd
|tanQ8&ﬁg¥slgréf“3ﬁe@&%@(Nbéﬁdfgﬁcéﬂgéﬁrode plate 111 to be

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

cathode .boﬁding electrode plate 112, and a terminal
plate 115 protruding from the anode bonding electrode'_er-
plate 111 through a spring 114. Gold plating is
applied on the surfaces of thé-anodéhbonding electfﬁdé
plate 111 and the cathode bond;n&LEEectrode ‘plate 112 in -
order to decrease contact resistance of the surfaces.
The terminal p;ate_ 115 is constructed by a single
contact plate ip order to equalize in potential a
plurality of electrodes 21-en the boro-silicated glass _

,-subsfrete 2, and the_silicon'sugstrate 1. The terminel

' plate 115" is connected to the anode bonding electrode

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

the terminal plate 115 in its suitable contadt pressure

o
P

with the electrode 21. The terminal plate 115 comes to
coetact with the terminal portion 23 of.the eleetrode
C21. | '

The silicon -substrate 1 and :the boro;silicated
glass substrate .2 are aligned and -in detail the
vibrating plate 5 and the electrode 21, respectively
foi'med thereon are 'al'igned by an aligner device (not
shown) after'they are washed and then they are set as
shown in Fig. 24 and Fig. 25. The electrode ~ 21, and
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‘;brnity i ndex Rpy. |f the thickness of the re- 15 sulting nonwoven
B s greater than the desired " thickness, the thickness nust be

¥ by a secondary processing. In this case, the thickness

;fornity i ndex can sinmultaneously be reduced. This secondary

. Rilel SIUSELEED! Y1 a9 10lgnépy1f9| ee@erﬁlrw;eéolﬁrﬁaweagnua ng

fal ender, machi ne ca? %e cal ender, soft cal ender, hot soft
Bcr gatl Gtm EPY in otziae&krws a8dehbi tlvee surfuTtemUb BT mhew | ndex
3| ust - ed. It is especially preferred to adjust to the desired

M es € rond biding hoxeidiessd non-uni formty index by 25 pressure heat
@rent using hot cal ender. The tenpera- ture for the pressure heat
frent i n Duiricyy ertder | Bgode bandisgdepstibdg ofixste botd okhehe

@i c fibers con- stituting the nonwoven fabric and the treatnent is
substrates- 1 and 2 are heated. In order to prevent the

boro-silicated glsss substrate 2 from breaking due tq
sudden.rise of tempersture, . it is necessary to heat i;-sw:_
gradually to 300 °C for about 20 min. Next, the power
source 113 impresses 500V voltsés for ‘about 20 min.saiés
to bond both the substrates 1 éﬁi:z . During the asode-“
bonding method, Na ions in the boro-silicated glsss-
substrate zlmove_snd current ‘flow through the substrate
2. It is possible to judge the joined condition of
them: wheri they are connected because a value ,'cf_current
decreases. In orderf £6 prevent. strain-crack due to
thermal cesdectivities of both the substrates 1 and 2
after they are connected, it is nesesssry to cool them .
gradualiy for about 20 min. |

It is possible ?o prevent discharging and electric
field dispersion when the tefminal plate 115 .and the
spring 114 decreases the poteﬁtial difference between
the electrode 21 and vibrating plate 5 msking electric
field disappear. Ks a result; a large.current does not
fiow between the electrode 21 and the vibrating plate 5
preventing the eléctrode 21 frsm meiting. Also, because
that static electricity attractive force due to electric
_field does not function in the _vibrsting plate 5, no
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o - ried out at a tenperature higher than Tg of the organic
srs and | ower. than the nelting point of the organic fibers.

Efpeci al | y when heat fusion bonding fibers are cont ai ned, the

t gnperature nust be increased up to the 5 bondi ng power devel opi ng

t gnperature of the heat fusion bonding fibers. The tengerature S

pllef er aplepsinmy €tress fimwngeRerpsedt srof thensihmating opleke & ganic

f gbers, ~ processing conditions, etc. Wien the pressure treatnent

i § cond®ftRF athe té%ﬁg?at”ur’*@ IRRRIrehaihseugh Agssgafcunference.

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

-

dielectric membrane 24 from beihd mpZéled Off.

(ﬁmbodiment 10)

-Fig. 26 is ar; outline view of another embodiment of
the anode bonding method according to the present
invention an.d a ‘section of both?tbe substrates in their
bonding pxjdcedure a_nd- a bonding apparatus used to the
anode bonding appératus. Fig;ZZ is a plan view qf the
bonding - apparatus.

According to the .ten"ch embodimént of the ink jet
hefd'of thé present i;wention, terminal 116 respectix;ely o
'cc-msisting .of coil springs are used and the terminal
plates contact with respective electrodes 21. Other

structure of the . embodiment than that &bove is
identical with that shown in Fig. 24.
The terminals 116 are made of SUS which is durable
to high. temperature. Ordinarily, a material SUS is not
preferable to be used as terminal material because it

_5.4—
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ci ent bondi ng power is devel oped, the thickness increases again
*th | apse of tinme, the surface-becones rugged, the nonwoven fabric
annot be thinned to the desired thick- ness and cracks occur. In
ddition to these troubl es, the thickness non-uniformty index cannot
e inggoved. 15 When the pressure treatnent is carried out at higher than - -
00 Chasherpeistanne o8 atheddWrizfat APWHiRG medidized fidaglting in
eduction of strength or distortion. Even | i.f the deterioration does
ot odoHievegonsi tif of thee anode n HORILAGs abitc Afcr BHEROSE00 Rifich and a

{uf ficient void, .20 confent cannot he, obtajined to damage battery
_erfoﬂ?ﬁﬂé'-lng high voltage ana m%\’e“%o?he@on?%‘h?f i §%§Fé‘?éf°‘jbl y in the
ange of that £2§0%polsiB1l W T S71d00d  FeLBIER k2Nl TaTHRS T OF

of current is low. When respective terminals 16 are

iﬁdependent_coii 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 dué.fo wﬁngterminal.
(Embodiment 11) _

"Fig. 28 shows a plan view of the anode bonding
apparatus acéording to another embodiment of the present
invention. Fig.-zs'is a plan view'showing an arrangement
relation of the electrode on the_ second substrate and
the common electfodeﬂ - In Fig. 29, the dielectric
membrane is.omittedi '

According to the eleventh embodiment, a photo-
iithography uses a batch treatment system in order to
_foim simulténeously a plurality 'of_electrodes 21 for a
plural sets (iﬂ_the embodiment, it is two) of ink jet

~ heads and respectively electrode 21 for the plural sets
on a single _borp-silicaied glass substrate 2A. The
common elgctrode 120.has lead portion§.121a and 121b fo
be' connected to the terminal portion‘ 23 of =all the
electrodes 21 of respective séts. In addition;.a single
silicon substrate (not shown) to be connected to the
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battery characteristics and battery storage charac- 25 teristics are
5t oved. The void content is nore prefer- ably 40-65% and this can be
ij usted by the pressure heat treatment. . Furthernore, when gas
brmeability is 100 . - mHg or higher, penetration of electrolyte is

ht | sfac- - 25 - ‘tory.

ere poeovellavated hgliaséorsyborirateg 24 hamoneovpbuiabitgs daving a
gent er surface average rough- ness SRa of 6 [err]mor [ess, but

gener abeyst heyf aedepeats (nozzle, emitting chamber, wvibrating

¥,

platé, ofifice,'ink cavity) having_fhe structures shown’

in Fig. 24 énd Fig.jZG, feépectiﬁe sets beiﬁg placéd

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

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

= Pl e e

joining electrode plate 111.

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

After they ére connected, they aré cut by diesipg

(phonetic) per each ink Jjet_ bead. and the common
electrodes 120 are cut off from the’ electrodes 21 of
respective sets through Ithe connecting. ends of lead
portions 121a and 121b..

(EFbodlment 12) o
Fig. 30 is a section of an anode bonding . apparatus

accofding to other embodiment of the present invention.
According. to the twelfth ~ embodiment, three

substrates 1, 2 and 3 are simultaneously anode-bonding

to each other. The first substrate 1 is a silicon 6ne,
and the second and third substrate 2 and 3 are.boro—
silicated ones. The third . substrate 3 function merely
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fucéd by dispersing the fibers in water and then the di spersion is

bjected'to wet paper meking process. In t he production, the

spersion concentration of fibers is preferably as | ow as possible

d the | engt h of the - fibers is preferably shorter. Furthernore, it is

e- 10 ferred to use a suitable anount of. a dispersing agent

pendimgaodithef inezzlashdles 4, emitting ghambernfne onifdicsus met hods

n be enpl oyed - for reducing the center surface average roughness SRa
7, t Hok es@viitly BonwovEh fidbr iegoughaddipt i BAkeo t¥ke ag-' 15 ment

thickness. If _the thickness of the resulting - hgnhwoven fabr| cis

cat FURFEFRERe3dOS e matRTIaeRf less; feiphPek RESSISISN Fda%duced by a

g RO A R U PN S
" glass Jjoining is sufficient. When the thlrd substrate,
however, is *made of boro—silicated glass, it is
possible to improve its reliability. =
And, in accordance with the twelfth embodiment of
. the ink Jet head of the present inVention, upper “&nHd
lower Jjoining electrode plates _'-.:.-1.11 and ; 112 to }:xe-'~
contacted with the second and third boro-silicated glass
lsubstr‘a'tes 2 and 3 are connected to a minus side of the
_power sburoe _113,- the first silicon substraté,l and the
electrode 21 on the boro-silioat'ed glla"s's substrate 2 are
connected to a plus or 'positig_e, of the power source
113, and  they a:t'e simultaneously anode bo.nding.' As a
result, according to .the siinultaneous anode bondihg_
" process, it is possible to reduoe the time used to .heet
 and gradual cool the substrates 1, 2 and 3 'shoi'tening
.lad:-gelfz tbe bond_ing time of them. Additionally, as .
de‘s.cribed in regard to- the' ninth embodiment and
'eleventh embod:unent above, - it is possible to pro_tect
theﬁ_surfad_ce on the silicon substrate 1 from ‘being
- poluted by' direct con_taot with "the wupper bonding

electrode plate 111.

- 57 -
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20 §nonwoven fabric having a thickness of 50-500 [err]mis " adj-ust ed

i n ghi ckness to 10-100 [err] m by a secondary pro- cessing treatnent.
Thi ¢ secondary processing treatment is prefer- ably carried out by
calvnderlng treatment using 25 supercal ender, machi ne cal ender, hot

cal ¢nder, soft cal ender, hot soft cal ender, etc., whereby thlckness
and cent efn Slﬁﬁ%célﬁ\wl”r o GFbRskidente eﬁ!}%stf&!quqeﬂ@ the

espgc MIg/gneferred to Lust to the desired thickness
- 2B - mbodiment belo 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 1s emploved. . |
(Embodiment 13) . o ' | —
Fig. 31. is a section of a _static electricity

actuator of the thirteenth embod:ment of the present

' 1nve_nt:Lon. F:Lg 32 is its plan v:l.ew.
As apparent from the previous embodiments, the
First substrate 1 and the second substrate 2 are
directly Si bonding or anode bonding - with the
predetermined gap length. Because a temperature' when

the anode bonding or bonding'pgocess is done is high,

air in thé gap portion 16 expands. When‘a%r temperature
iowers to the_ room temperature after the connectien,
the' pressure in the gap portion 16 lowers than the
*"f: '.atmosphere,' so the V1brat1ng plate 5 bends toward the
i electrode 21 becomlng into contact with the electrode 21
and .being short-circuited, or more dlsadvantageously
unnecessary-stress beiﬁg'given'to the vibrating plate 5.
When the gap portien 16 is open to the atmosphere in

order +to preéent.such disadvantageous effects and kept

at such open coneition, static electricity in the gap
portion and the surrounding mechanism sucks dust. As a
- result, such dust is attached to the electrode 21

'changing a vibration characteristic of the vibrating
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I stmtacrern

and §gent er surface average roughness SRa by pressure heat . treatnment

usi g a hot cal ender. The tenperature for the pressure heat
tredt-- ment in hot cal endering varies dependi ng on the kind of 5 the
orggnic fibers used for the nonwoven fabric and the treatment is '
car ji ed mlata@t5a tenperature higher than Tg of the organic fibers and
| ongr than the nelting point of : the organic fibers. Especially when
heaj fusion bbmdiomder tdils@lyeareucbnt apnedlenheabheveper athe e gapst be

i ncfeased 10 up to the bonding Eomer devel opi ng tenperature of the

f uspemtbondi 4§ f PBer $heThankenpetat beedi s ofr eftdiea- thirtesntls0- 200 C
the points of constitution of the organic fibers, processing
i ti cpmbodimenpnef tthe Pres%?%séBVénﬁ#@@bmﬁhe|Saﬁoﬁeﬁéﬂ@9e&sa..

erature | ower
is open to the atmosphere through the passage 18, as

well as outlet ports 19a and 19b of the passage 18 are
éealed by sealer agent 20 of'epoxy- and the like which-.—
has a high viscosity when the sﬁbstrates 1 and 2 are
cooled to the room temperature after they are anddé-
' bonding. T
The reference numerals 23 is.a'tefminal portion of
the electrode 23, 41 means SiO2 membrane of a.diélectric
membrane formed' on the substrate 1, 102 is an
_oscillation circuit, and 106 is a metal membrane formed
to connect one terminal of the_qscillation circuit 102
to the Subétrate 1. The passage 18 extends. surround
the electrode 21. | -
Because that the silicon substrate constituting the
subétrate'I has a high thermal conductivity, the sealer
: ii madé of fhermal piastic resin and the pressure in the'_*_
g;p po?tion dses not "risé, 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 atmosphére through the passage.ls
while an anode bonding, so that any heating of the anode-
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# 50 C, sufficient bonding power is not devel oped, the t hi ckness
ases again with lapse of tine, the- nonwoven fabric cannot be .

ed to the desired thick- . ness and cracks occur. In addition to
troubl es, the SRa cannot be inproved. Wen the pressure

ment 20 js carried out at higher than 200[err] C, the fipers per se
'etgrioratgﬂnﬁFPﬁ maﬂﬁaﬁﬂﬁﬂﬂééqkfiﬁ°r§agﬁﬁi5ﬁ4ﬁ9ﬂessu%ﬁriﬁmﬁ% offép
Pren’anr i BOFhePEastl  oh LS RhofEThpnatafy if et s o, the
nonpven f abr i SORBPrasSER, TS Deb! b DS TBRERratyre . 119 2951205, 1
pregent inventpghber 266 PE&IST *RbY RIAUICESE D¥nERhARRYe K PPePEAESAY
dust from invading the gap portion 16 and the problems
.aboJe-happening. |
 .fhe aforesaid effect is available if a gaseous_bogg
such as nitrogen, argon, etc. 1is enclosed in said gap
porfion 16 when it is sealed. o ' T—
(Embodiment 14) i
Fig. 33 is a. section of the static electricity
-7éc¥hétor according to.another.embodiment of the present
invention.
| "According to the fourteenth embodiment, the static
electricity actuator has a' second electrode 46 placed
under the vibrating plate 5 so as to oppose to the
electrode 21. The second electrode 46 is made of Cr
or Au thin membrane.
The static electricity éctuator functions as a
. capacitor. Wheg a V volt is imﬁres;ed to the opposed
electrodes 21 and 46, Vc_ of the voltage between'“;he.
opposed electrodes 21 and 46 raised when they are
'cherééd and discharged is shown below:
o Ve = V (1 - exp k—t/T) ' charéing time
Ve = V exp (~t/T) | discharging time
. Wherein T: time constant. |
It is apparent from the equations above that they
N
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cause a uni form nonwoven fabric free from pin holes can

d. Paper machines used for the wet paper " maki ng process

urdrini er - paper nmachine, cylin- der paper nachine, inclined

machi ne and conbi - 5 nation nachi ne conprising conbi nati on of

of t hese paper "machi nes.

nce the nonwoven
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h formt 10
Y588 or TS30M: cFPERr a8 0B gt TBUncotR, | ThS (hle”

constant T is given by. an equation RC (wherein the
resistance is R and static electricity capacitor is C).

Because a resistance of silicon is higher ‘than metals,

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

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

constant is made low, responsibility of the actuator

(Embodiment 15)

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

In the fiffeenth embodiment, - the gap G to be

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

the electroce 46 of Cr or Au thin membrane haéing iow

thickness of photo—sgnsitive resin layer or adhesive .

agent layer 200. That is, patterns of the photo-
sefitive resin layer or adhesive agent - layer 200 are
are printed around the electrode 21 of the second

subétrate 2 and bofh the second substrate 2 and the

[

first substrate 1 are adhered to each other meaking a .

lamination. In practice, soda glass is used as the

~second substrate 2 and it is constructed as described

on the second embodiment.

~A photo~sénsitive polyimid is used as a photo-
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1 paper making process, and if Rpy and SRa of the resulting nonwoven
abric are not the desired val ues, they can be adj usted to the desired
al ues by secondary processing treatnments such_as LSiytering treat ment
si ng nmachi ne ﬁﬁe kind of various %gé cal ender

r soft cal ender .chekradagender i treatment and pbyBahé, cal endering.
urtﬁ@PﬁﬁP&?e%neﬁct he nonwoven entsfabcrylf:’orc\é%tb%_‘ra?or of non-aqueous ,
| ect r,(;(:'l_}/tgegg{.aertys adhesictr Ng to the present inyentiasedontains .
Jnorganic = - fibers suchO%sé M Chrthadst | bef8™ alum na fibers, alum-
silicon of vari : ,

g

i
7
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na siliica tibers and rock wools or heat resistant—ergani-c fibers,

si nce tgihe f

abric is excellent in heal,resistance, . even if battery

tenperdture rises owing to external short-ciF t facsdes,
shrinkf§ng or burning of the 10 nonwoven fabric do M d ignition

of thef bat - tery can be prevented. Moreover, gl ass
fibers§ which gonstijuse the nonwoven fabric for separator f
non- agueous—efectToryte battery do not contain sodi um oxi de whi ch

hi ndefs the battery reaction, the resulting 15 non-aqueous electrolyte

y i.s

Furt hgr nore

fabrig for

Im\rl\ﬁedl;%{nsmerj@f helad ?_oxgﬁfie\il\%gsﬁﬁéa%t ﬁ:t&:eaq%ﬁzrﬂféé C&4)
en - e ., orqani c | Ders . G consti.t.ute 1e .non n
for Qpeting iBF ABRPAYUBOTESRESEEVS) IP RN SPEIRER hekb at

di angt er, fé{g%gi?9;OEOREQngk@ﬁgMygﬂlégyeﬂ%Agﬂ5&11 of the ejecting

25

T, ~—

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

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

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

4. An ink jet " head according to any one of -the
preceding claims, characpérised in that a first substrate
(1) and a second substrate (2) each comprise single
crystal silicon substrates and the distance defining means
is constituted by a gap spacer of a 8i0, membrane

previously formed on at least one face of facing portions - -

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

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

L
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‘this Sheet Has Been Replaced \

nal shert-ci event ed. The follow ng
nonlinting n the . ggresent invention in nore detail. The
"o nmegans "% by wei ght” of the fibers constituting the nonwoven fabric
of 2§ the present invention. Evaluatlon was conducted by
the fdll ow ng test thods. in.the ex e arative S,
and tHe .. - 8esultsAﬁrég§ pga 4a5?88r§n89 Bo%Clain'4, & arac% HES

- 294  in that sal:IdarTs:LOE averibrdnenis formed by a spattering

process, CVD process, vaporing process; ion-plating
process, sol-gel process, thermal oxidation process or
5 organic silicon composition sintering process.

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

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

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

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

11. An ink jet head according to claim 1, characterised
in that a boro-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  gspacer for maintaining said distance. -

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

ateg byln that said vibrating plate (5) comprises a p-type.
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impurity layer of high density.

15. An ink jet head according to claim 9, characterised -

in that a driving_ wiring layer including the second
electrode comprises a p-type impurity layer of._high
density. - -

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

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

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

p~type silicon substrate of which n-type impurity layer is
epitaxially grown.

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

in that a zone forming said distance between the vibrating

plate (5) and an electrode (21) connects with a passage
led to the outside before the first substrate (1) hav1ng
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
sealed by a sealing member after the anode~bonding
process.

19. - An ink Jjet head according to claim 1, characterised
in  that the distance maintenance means is a
photo-sensitive resin layer or an adhesive agent layer
formed patternly around the electrode.

—_—
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’ ‘1his sheet rias Been Replaced . . T T
. ry prmmltum m Lithium cobaltate was used as a -
ctlve mat eri al and graphitized carbon was used 5
egatlve el ectrode, and the non®®ven fabric made in the foll ow ng




exam nggmgamﬁgﬁéh -neander and al i ppage between the el ectrode

and t se sults wer e graded by the following criteria.
[err] & Pr% be per for megwit hout any 20 probl ens such as
forma gon and slip- page, and the separator and

el ect §odes could be unlforn1y pr oduced. " X There were
probl #frs in rocessability and the separator _and e] ect ode were

non- uffi form 2025  An ink jen: hepdr acGer&ifigndopCdRidms i Fharesdesdsad ty,

but they “Brﬂnptﬁﬁk'EQHHYdQQQQEEQQEemembrane is made I0F dillidombxildes nark
" ans measur, - abl e
cro-5111cate g ass or 51llcone compound.

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

——

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

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

membrane of a predetermined thickness on an opposing face

15° . of a second silicon substrate forming an electrode except
a part for the electrbde, and anode-jocining by a Si direct
joining method for the first silicon substrate and the
second silicon substrate through the SiO2 membrane.

24. A method according to claim 23, characterised in
20 that it comprises. the further step of £forming the
- vibrating plate bj carrying out an alkali anisotrophy_
etching process on the first silicon substrate.

25. A method according to claim 23, characterised in
that it comprises a further step of forming the electrode

25 of p-type or n-type impurity by doping said second silicon
substrate.

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

L
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Thxs Sheet Has B R . . . .
&m <CapaC|ty> o ' A cylindrical lithium

manner as above for nmaking the battery used

- 30 -

battery tuuu"""m

for test valuat|ng <Bat%§ry processabi | ity> was subjected to
5 fullgcharging at a constant voltag .1V, and then the capacity

oo oot cEyriing gAgbede i RIpILER! BY plyﬁ%a%'ttle%der%gge e Y gher

per f orjrance 0 e“secon
.eristangstrophy etching SAeEthndhﬁcaﬂlnCDMI@mbb&tﬁéﬁy nade in the
manner as above for nmaking the battery used for testlng

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,
characterised in that it comprises a step of controlling a
potential difference betwen the vibrating plate and the=-
electrode to decrease the potential difference during the
10 anode-bonding process. -

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

.29, A method for anode~bonding a first substrate on
] 15 which a vibrating plate is formed and a second substrate
g ' on which is formed an electrode for driving the vibrating

3 plate, characterised in that it comprises the steps of

f _ forming a common electrode to be connected to respective
§ electrodes on the second substrate, controlling the"

; 20 potential différeance between said vibrating plate and the

j _ common electrode to decréase the potential difference
".D;_ during the anode bonding process, and separating the
' common electrode from the electrode after the anode

PR

bonding process.

\\

O 0 o




andf eval uating <Battery processability> was subjected to full E;;?ging
at constant ‘voltage of 4.1 V and, there-.  after, battery
characteristics were evaluated. This 15 mainly eval uation of the
initial battery characteristics. ! /%gi t he di scharge characteristic curve

obt ai ned by mneasur - ing the relation between the battery voltage and

t he - di scharge tine, the flatter curve indicates the better

-results. The results were graded by the following crite- 20 ria.

[err]: Discharging was good. . [err]: Discharging was sonewhat
bad,” but practi- - cal ly acchpt b(;- ‘ ' X: Di scharging was -

“bad, nanely, the voltage 25 gtea Iy_Féduced.

heet Has BeenReilaced '
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<Battery¥torage battery> _ A cylindrical lithiumbattery nade .
in the e manner as above for making the battery used for testing '
- 31 - ¢ and evaluating <Battery pr'qgégability> was stored at 60

C for 3 §onths, and, thereafter, batterg characterisrics (discharge
charactegi stics) were neasured " and the battery storage characteristics

were evagfuated in 5 the same manner as in the evaluation of <Battery
charac- } teristics> fromthe discharge characteristic curve. The

FIG. 2
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result: fer e graded by the followng criteria. [err]: Good.

[err] Einemhat bad, but practically acceptable. 10 X: Bad.
<Heat «§'si stance> - The nonwoven fabric produced in the

exanp! §§ - and conparative exanpl e 488 sandwi ched between an upper
netal | & plate electrode and a lower netallic plate 15 electrode, and
connecfed to an electrical resistance - neasuring apparatus so as to be
able tg neasure electri- cal resistance. The nonwoven fabric sandw ched
bet wedly the metallic plates was placed in an electric furnace and

the t¢perature was el evated up to ﬁﬁpvﬁzggnd t erature 20 and
el ect grcal resistance were neasured. enJt enpela- ture rose and the
nonwofen fabric shrank, melted or burnt :

33

vy

-

‘This Sheet Has Been R

[T

- s e s




enperature was

%ctically accept abl e.
120[err] C,

t he heat

FI1G.5

/

- A_105
3

perature at which the

I e

d not serve as a separator, electrical resistance decreased . i
ifdal |y short-circuit occurred. The tem
ircuit occurs was enployed 25 as a scale of heat resistance. Wen
' hi gher tha# 4@8#% C, heat resistance was good and
hi s was 120-180 C, the heat resistance was sonmewhat inferior,
When it was | ower than '
, resi stance was bad. When short-circuit
jt ‘occur up to 500 C, this was indicated by "500<"
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,Qle <Gas perneability> 5 Gas

permre3E ity was measur ed usi ng Snooster (Model SM 6A) manuf actured by
Toei shi Kogyo Co., Ltd. Si nce the upper limt of gas perneability
neastrj®| e by this,equrpnent is 72 when the neasured val ue
- exceedm® 720 mmHg, "720<" was indicatedvi‘n fhe table. 10 _ <Voi d
cont el _ Voi d content was obtained fromthe follow ng
f or mulge . Void content (%9 =(1-(M T)/D)X100 _ I'n the above
fornuieE M denotes basis wei ght /merr]), T 15 denotes thickness
([err® and D denotes specific %Ehj?(g 7ﬂg/cn{err]) of the nonwoven
fabri ' : : * '
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@ ol yte retention characteristics> When the nonwoven

fabric produced in the exanpl es and t he conparative exanpl es was
dippdgd in the 20 electrolyte prepared above for testing and eval uating
<Batt§ery processability>, holding amgundf the electro- . | yt e was
det erdm ned. The greater anount indicates the better retention of.

el ectirol yte. The results were graded by the following criteria. 25
[err] Good. [err]: Somewhat bad, but practically
accept abl e. X: Bad. _ <El ectrol yte

penetdrability>

F1G. 8

eet Has Been RTllaced .
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, . . e

- 33 - The nonwoven fabr| c produced in the exanples
and the conparative exanples was cut to 10 cm X 10 cm Thi s was di pped .
in the el ectrol yte prepared above fo testing and eval uating <Battery
processability>  and the 5 tine rezd( P84 for the electrol yte penetrating
into the nonwoven fabric was neasured to evaluate the electrolyte
penetrability. The faster penetration of the electrolyte nmeans t he
better .el ectrolyte penetrability. The results were graded by the ¢
following criteria. 10 - [err]: Cood. [err]: r
Somewhat bad, but practically acgep aée. . X: Bad. .
(a) | 51 '
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<Pi n, hojges> _ The nonwoven fabric obtained in the exanples 15
and t hef‘conparative exanples was visually observed to determ ne

whet herjt here were through holes or not. <l gnition>

One hunflred batteries nentioned above were ~ nmade and external -circuited

usi ng test circuit which 20 shows a r&&i/sance of 10 mlli-ohns when the
short-cjrcuit occurs, and it was exam ned whether the batteries got to
ignite or not. Wien no batteries ignit- ed, this is indicated by [err]
and wh even one battery ignited, this is |nd|cated by X 25

B P B gz
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50% of | ypr opyl ene fibers (PZ manufactured by Dai wa Spi nning Co.,

Ltd.; Of7 d X 5 nm and 50% of - 34

fpol yol efi n-heat fu5|on bondi ng fibers (NBF-H manufactured by
Dalma SR nning Co., Ltd.; 0.7 d X 5 mm)Swéi24 di s- persed in water to
preparega slurry of 0.0196|n concen- tration. The resulting slurry was
subj ect@®d to wet paper 5 maki ng process by a cylinder paper machine with
usi ng . sonmewhat hi gher wet pressing pressure at the wet part to °

make a ghonwoven fabric of 22-.g/nferr] in basis weight and 50

FIG. |3
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It hi ckness for separator of non-aqueous el ectrol yte battery.
e 2 A nonwoven fabric of 35 g/nferr] in basis
and 80 [err]min thickness for separator of non-aqueous
te battery was made in the sar,r§5;r§g'ner as in’ Exanple 1. The
t nonwoven fabric was further subj ected to a pressure heat
¥ at 140 C by hot cal ender treatnment to adjust the thickness
S|Er]m ' Exanpl e 3 : 40% of m cro-glass fi-bers
BE aver age fiber dianmeter of 1.0 [err]m (#108A manuf actured by
3% 20 Co., Ltd.), 30% of poIFprlo;Generaers (PZ manuf act ured

This Sheet Has Been RTi

- THGEN




Ppi nning Co., Ltd.; 0.7 d X5 m) and 30% of pol yol efi n heat.
53pnding fibers (NBF-H manufactured by Dai wa Spinning Co., Ltd.;
' nm were dis- persed in water to prepare a slurry. The
) 25 slurry was subjected to ket Z@per nmking process by a
| paper machine to nake a nonwoven fabric of 25
g/nferr] in basis weight and 90 [err]min thickness for
tor of non-aqueous electrolyte battery. The resulting
fabric was further subjected to a pressure heat

FIG. 15
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Fat 140 C by hot cal endering to adjust the 5 thickness to 50 -

The conponents of the glass fibers used in

pl e were as foll ows: <Conponents of gl ass fibers>
58.55% 10 12 7 8402 : 10. 5%
10. 1% : _ Allerr]derr] 5. 8%
5.0% ZnO 4.0% 15
3. 2% CaO 1. 9%
0. 6%

13 ge
[¢ 56) |
4 4|
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0.3% Fe[err]CIerr] . ' '0.04%)_

20 B Tiderr] 0. 01% Exanpl e 4

40% of f0- gl ass fibers having an average fiber diameter of O. 65

[errim ag conprising 99.8%of sili- 132124l oxi de (Q FI BER #106Q

manuf act. @ed by Schuller Co., 25 Ltd.), 30% of pol ypropylene fibers (PZ

‘manuf act gaed by Dai wa Spinning Co., Ltd.; 0.7 d X5 nm and 30% of
heat fusion bonding fibers (NBF-H manufactured

pol yol ef

FIG. | 8
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by Dai wa Spi nni ng Cb' Ltd.; 0.7 d X5 m) were dis- "

-

-36 - .

persed_in ter to prepare a slurry The resulting - slurry was

subj ected §o wet paper nmking process by a cyli nder paper machine to
make a nongwven fabric of 25 5 g/n{err%6§§4basis weight and 90 [err]min
t hi ckness f or separa- tor of non- aqu el ectrolyte battery. The '
resul.ting nonwoven fabric was further subjected to a hot cal ender
treatnment gat 140[err] C to adjust the thickness to 50 [err]m

Exanmple 5§ 10 - The ‘nonwoven fabric for separator of

non-aqueods el ectrol yte battery made in the same manner as in Exanple
1 was sub

ected to a hot cal ender treatnent

FIG. 20
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wth fg only the hot calendering'condition to a tenperature 40 C

to adjust Jnhe thickness to 50 [err]m The 15 nonwoven fabr+e—had-dents-on
the surfad Exanpl e 6 The nonwoven fabrlc for :

separat or- non- aqueous el ectrolyte battery made in th &mhwd
as in-Exargle 4 was subjected to a hot cal epggrogreat ment ll

only the dml endering tenperature to 210 C to adj ust the t

50 [err] m@ The surface of the "nonwoven fabric partially fil med.

Exanple 7 50% of pol ypropyl ene fibers (PZ manufactured

FIG. 2|
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25 hy Dai Spi nning Co., Ltd.; 2 d X 5 nn) and 50% of

| pol yol efin heat fu3|on bondi ng fibers (NBF-H nanufactured

by Daiwa $pinning Co., Ltd.; 2 d x 5 mm were dispersed in water to
prepare agslurry. The resultlng slurry was subjected to wet paper
maki ng pr@cess by a cylinder paper 5 machBre2fo nake a nonwoven fabric of
18 g/nferf] in basis wei ght and 50 [err]min thickness for separator of

‘non-aqueof§s el ectrolyte battery.

FIG. 23
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Exanple 1 40% of m cro- g]ass fi bers having an average 10
fiber diafeter of 4.0 [err]m (#112 manuf actured by Schuller
Ltd. ) 306 of pol ypropyl ene fibers (PZ manuf act ured

Co., Ltd.§ 2 d X5 nm and 30% of - pol olg¥hn heat - ftﬁﬁg”% |

fibers (‘NBF- H manuf act ur ed by Daiwa $ %

were disgersed 15 in water to prepare a slurry. The resu Hﬂ”

subjected to wet paper neking process by a cylinder paper

make-a ngnhwoven fabric of 25 g/nferr] in basis wei ght and 90 [err]nlln

thi cknesg for separator of non-aqueous el ectrolyte battery. The '
nonwoven 20 fabric was su*teat tO£B121F cal ender treatnent at

resultin
140 C to adjust the thickness t
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- 39 - Eval udti on:

. As canj seen fromthe results of Table 1, t he nonwoven fabrics for
separ a of non-aqueous el ec- trolyte batteries nade in Exanples 1-6
accordjgeg to the 5 present invention were |low in thickness non-uniformty

I ndex. By

and superior in adhesion to gfﬁtd,r odes. There- -ThisSh
. procesgbility such as rollability wi t rodes

eeress e TR

FIG. 26
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4 ow,

eries

rior.

confai ned

made in

uniformty

Therefore, the resulting
|l ow i n capacity.

rires high in capacity could be produced. -Since in
al ender treatnent was not carried out
i ng tenperature was 40 C and
the battery
t rodes was sonmewhat inferiaqr éﬁ

nonwoven fabrics for - separgg%/ non- agueous el ectrol yte

10 Exanple 1 the

and in Exanple 5 the

the effect of hot calender treatnent.
processability such as rollability with

On the ot her

Exanples 7 -and 8 were high in thickness

_ i ndex Rpy and inferior in adhesion to el ectrodes and
henqe, battery processability such as rollability with 20 electrodes was
non- agueous el ectrolyte batteries.
I.n Exanples 3 and 8, the micro-glass fibers

FIG. 28
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sdﬁ?un1 xi de whi ch hi nders battery reaction and, there- fore, the

batteryfstorage characterisitcs were sonewhat 25 inferior. Exanple 9
65% of ‘Ppol ypropyl ene fibers (PZ manufactured -

- 40 - by’ Dai wa Spi nni ng Co. , Lé./;26.7 d X5 m) and 35% of

pol yol & i n heat fusion bonding fibers (NBF-H manufactured by Dai wa

Spi nni Co., Ltd.; 0.7 d X5 m) were m xed

FIG. 29
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‘and dis

ersed in water to prepare a slurry. The result- 5ing slurry was
-subj ectpd to wet paper naking process- by a cyl i nder paper machine with
using s nemhat hi gher wet pressing pressure at the wet part to nmake a
nonwov e fabric of 25 g/nferr] in basis weight and 50 [err]min
t hi cknebs for separator of non-alLée&fk electrolyte battery. 10
Exanpl g 10 A nonwoven fabric of 30 g/nferr] in basis weight
and. 10Q¢ [err]m.in thickness for separator of non-aqueous - electrolyte
battery§ was produced in the same nmanner as in Exanpl e 9, except that
the weff pressing pressure was 15 normal pressure. The nonwoven fabric was
furtheg sub- jected to a-hot calender treatnent at 130[err] Cto
adj ust jt he - thickness to 50 [err]m
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obtain

50% of the micro-glass fibers used in Exanple

gnonwoven fabric of 25 g/nferr]. in basis

FIG. 3|
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20

pol ypropyl ene fibers (PZ manufactured by Daiwa Spi nni ng Co.,
d x 5 m) and 25% of pol yol efin heat fusion bonding fibers
ufactured by Dai wa Spinning Co., Ltd.; 0.7 d X5 m) were
I n water to prepare a slu@d/ Zkhe resulting slurry was 25
to wet paper nmaking process by a cylinder paper : machine to
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[ﬁ_- melght and 100 [err]min thlckness for separatorfbf -
non-aqueous el ectrolyte battery. Then,
subj ected to a hot cal ender treatnent at 130 C

fabric maé' -
to adjust the thickness

t he nonwoven

ferrlm 5 Exanple 12 - 50% of the mcro-glass fibers
n Exanpl e 4, 25@6of polypéggybgpe fibers (PZ manufactured by

Spi nning Co., Ltd. 5 and 25% of pol yol efin
usi on bondi ng flbers (NBF H manufactured by Daiwa 10 Spinning Co.

Ltd. ;0.7 d X 5 mm) were dispersed in water to prepare a slurry. The
resulfing slurry was subj ected to wet paper making process by a
cyl i nfer

paper

FIG. 33

102

3 .
7 g
{ 5 '16 )
?\ — Ol 24
'\;_k — - ==
V /AT : e = 1..F]
2()0/ ( / { \ K ]
/ ! ] Y
- > 22 23

s Sheet FHas Been-Replaced

HII\III M



machi ne t

] obtain a nonwoven fabric of 25 g/nferr] in basis wei ght -and
90 [err]mfin thickness for separator of- 15 non-aqueous electrolyte-
battery. Then, the nonwoven = fabric was subjected to a hot cal ender
treatment at 130 C to adjust the thickness to 50 [err]m :
Exampl e 13 . The nonwoven fabric for separator of 20
non- &queous . el ectrol yte battery made in t he24ah84manner as in Exanple
12 was subjected to a hot cal ender treat- ment with changing only the
cal endering tenperature to 40 Cto adjust the thickness to 50 [err]m

The -honwoven fabric had dents ?P t?g sig%gce. _

heet Has Been Reﬁaced
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eous, el ectrol yte battery nade-in the sane nmanner
subjected to.-a hot cal ender tégat- 5 ment with changing only the

t© adjust the thickness to 50 [err]m
t he nonwoven fabric partially filnmed to hinder penetra-
of electrolyte Exanple 15 10
(PZ nanufactured

Exampl e 14 The nonwoven fabric for separator

ABSTRACT

.INK JET HEAD AND METHOD OF MANUFACTURING THEREOF

An ink jet head 10 has nozzle holes_4, emitting chamber ‘6
respectively connected thereto, and vibrating plates 5 are
formed at the bottom wall of the emitting chambers 6. A
common ink cavity 8 is adapted to supply ink to. the
emitting chambers through orifices 7. Electrodes 21 are
placed so as to face the vibrating plates so as to drive
the vibrating plates by static electricity. One of two

 anode bonding faces between the first substrate 1 forming

the vibrating plate 5 and the second substrate 2 forming
the electrode has a dent 15 to form a vibrating chamber 9
or a dent 25 for mounting an electrode therein, or SiO2

membranes 41 and 42, respectively formed therein. The gap
length G between the vibrating plate and the electrode is
determined to be between 0.05 -~ 2um.

FIGURE 1.
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By bDaiwa Spinning Co., Ltid.; 2 d X5 m) and 40% of pol yol ef'i n, heat
Ision bonding fibers (NBF-H manufactured by Dai wa ’Spi nning Co., Ltd.;

g.-X 5 m) were mxed and di spersed in water to prepare a slurry. The

sultl ng 15 sl urry was subj ected to wet paper making process by a
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1. Title of the Invention

INK JET HEAD AND MANUFACTURING METHOD THEREOF

2. Background of the'Invention.
{a) Field of the Invention

'The'present invention relatés to an ink jet head of
an important portion of an ink jet recording appaqatus,
having its drive system of static electricity, for
ocoutletting ink drops when a reéording is necessarf and
gttaching the drops_cnto a recording paper face, and a
manufacturihg hethod of the ink jet head effectively

attaining a purpose of the present invention.

(b) Descriﬁtidn of the Prior Art

The ink Jjet recording apparatdé has many merits or
.advéntages, such as very small sound'dufing a recording,
h;gh speed printing, high flexibility on ink, and use
of low cost plain paper.- According to the recent trend,
an ink Jjet recording apparatus 6f an ink—on—deﬁand
systém emitting ink drops only when recording is
necessary mainly has been employed because it is not
necessary to recover ink drops not used to the
recording.

According to Patent Laid-Open Publication No. 19390-

AW
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fgpinning Co., Ltd.; 2 d X5 nm) were mxed and dispersed 25 in water to
repare a slurry. The resulting slurry was subj ected to wet paper
ki ng process by a cylinder paper -

43 - machine to obtain a nonwoven fabric of 25 g/n[err] in basis

wei ght and 110 [err]min thickness for separator of - non-aqueous

el ectrolyte battery. Then, the nonwoven fabric was subjected to a hot
cal ender treatnment at 140[err] C 5 to-adjust the thickness to 50 [err]m

51734, the ink jet head of an ink-on-demand has a drive
meané using a piezoelectric element. .According to
Patent Laid-Open Publication No. 1986-59911, the ink jet
head heats ink and generates bubbles and pressure
making ink dropS'émitl |
The cpgventional ink jet head mentioned above has
problems bélow. ' |
According to the ink jet _ head using a
piezoelectric element, it is -necessary to 6arry out a
complicéted process of attaching a chip of
piezoelectric'elemént_to the vibrating plates used to
generate pressure in a pressure - chambef in a
manufacturing process the ink jet head. In particular,
the recent_ ink Jjet recording apparatus necessitates a
printing bf.é high speed and a_high appeéranée quality.
In order "to attéin the necessity or purpose, -it has
- been necessary to make the iﬁk jet nozzles of a multi-
nozzle and a high density of the nozzle necessitating
a fine manﬁfacturing of piezoelectric eieménts and.
attachmen{ of-ﬁhe fine elements to respective vibrating
plates. These'processes are very. troublesome and time
consuming.
In order to gake the nozzles of a high density,
it '~ has  been  necessary to manufacture the
piezoelectricity elements at the order of several tens
micron meter fﬁ ten hundreds micron meter. It has been

difficult to make dispersion or scattering of printing

% This is-the replacement sheet
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- 44 - [err] - 45 - Eval uati on:
As can be seen fromthe results of Table 2, t he nonwoven fabrics for

deparat or of non-aqueous el ec- trolyte batteries made in-Exanpl es 9-14
~&ccordi ng to t he :

-3-
quality small as soon as possible by means of the

conventional machine processing.

According to the ink heating systexﬁ above, the
drive means is constructed by a thin membrane
resistance heater element having no problem of the
conventional piezoelectricity element apparatus above.
However, the dr.ive means is suffered or damaged by high
speed repetition of heating and cooling and shock of

. bursting bubbles shortening a lifetime of the ink jet
head.

In - order to solve such probiems ‘of "the prior
art, -~ the applicant of the present invention filed an
ap’plication U.s. Applicatidn No.757,691 filed Sept. 11,
1991 of an ink jet head recording apparatus using a
drive .mea.ns of the static .?e;ectricity force. The
apparatus has.. merits of printings of high density, high
quality and of a small size and a lc;ng_lifetime.

However, the ink 'je.t head recording app;ratus~of
the application has problems to'be. solved in order to.
sftill improve such merits_ above.

'l‘he first problem' concerns a vibrating plate
constituting an ink 11m1t1ng or dlschargzng chamber, and
a gap between the yibrating'plate and an electrode for
drivingi the wibrating plaie. According to the ink drop
emitting system 'using ~s_1:atic ,electricity, emitting
pressure to be generated by the same pressure is very

low comparing to that of the jet head of piezoelectric

etHﬂSBee“ Replaced This is the repiscement sheet
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T present invention had a | ow center surface average rough- ness SRa
and were superior in adhesion to electrodes. Therefore, they were
superior in battery processability such as rollability with

8 ectrodes, and non- aqueous ' electrolyte batteries high in capacity and
superior in 10 battery storage characteristics- could be produced. Since

in Exanple 9 the hot cal ender treatnent was not carried out and in
Exanpl e 13 the treating tenperature was-46[err] C and the effect of

hot cal ender drcwdment wap lsAditibe, bechakker yepeoaregAbplrisbsuzech ias
rollability with elec- 15 trodes was somewhat inferior.

the other hamskopdiet immabves &abgiasel OF an imepEatMinér NOP- 8HECGED

el ectrolyte batteries nmade in . Exanpl es 15 and 16 were high in center

sur face- aver atfestance s otighdes suefaféms sty | niﬂr bedern tadhmsewvent opeliactingdes.
qﬁality 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 plate. Emit.:ting pressure is proportional to a
cube of the thickness of the vibrating plate. When a
squa‘re-shapeé 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, fheréby -even small scattering. or
variations: of the size .of the vibrating plate affects
an ink emitting characteristic_very much.

The +third broblem 'coqcergs, a head manufaqturing
method fcr realizing or attaining a size precision of
the high precised gap and the vibrating plate mentioned
above. An anode bonding méthod has been used to j‘oint
the substrates'of such kind td each other. According'to.
th - anode connecting methbd, a boro-silicated gas
substrate is connected to a cathode side, and a silicon
substrate provided with nozzles and the wvibrating platg
is connected to an anode side and a 500V voltage i.s
impressed to them at a temperature 300°¢C. At the
temperature of 300°C, Na iqns contained in the boro-
silicated glass move to cathode side by an electric

field, thereby a very strong static electricity

This is the replacement sheet
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20 Therefore, they were inferior in battery processability such as

rollability with el ectrodes and the resulting non- agueous el ectrol yte

batteries were low in current capacity. In Exanples 11 and 16, the
cro-glass fibers .contai ned sodi.um oxi de whi ch hinders battery

reaction 25 and, therefore, the battery storage characteristics were

somewhat inferior. 5 - 46 -

Exanpl e” 17 9096of m cro- gltass fibers having an average .

attractive force is generated between the boro-silicated
glass andthe silicon and they are contacted. However,
.through a space betweeﬁ the elgctrode and the
vibrating plate, a large éurrent instantly fiows due to
dielectric break of gas and electric field. Then there
are posibility as that_fhe'electrode melts and the melt
is attached to the vibrating plate generating a short
circuit. In additieon, when they are connected by an’
. anode process, they are connected with a very high
voltage comparing fo that wheﬁ the = ink jet head is
ariven. Accordingly, the vibrating plate is  fixed
through its circumference after it is deformed due to
 the electniq-field generated while an anode ébnnecting.
As .a result, remaining stress is generated changing
natural_ fféduehdy of _respectivg _vibrating. blétes and,
conseqﬁently, -an ink emitting characteristic, or the
dielectric membrane_méte;ial on the electrode is pulled
along the direction éf vibrating blate due to static
electrlclty attractive force resulting in a peellng-off

oq the dlelectrlc membrane from the electrode.

3. Summary of the Invention

Consequently, it is the purpose of the present
invenfion to provide a manufacturing method of an ink
jet head using static electricity power, which head
having a high preéision gap hdldiné means for adjusting

a gap size between the electrode and the vibrating plate

is Sheet Has Been Reﬂlaced ' . This is the replacement skeet
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fiber dianeter of 2.7 [err]m (#110 manufactured by Schul | er Co., Ltd.)
“and 10% of vinylon fibers (VPB107-1X3 nmanu- 5 factured by Kuraray Co.,

Ltd.) as a fibrous binder were ~m xed and dispersed in water to prepare
3 slurry. The resulting slurry was subjected to wet paper naking pro-
cess by a cylinder paper nmachine to nake a nonwoven fabric of 20

g/mMerr] in basis weight and 50 [err]min thickness 10 for separator of
non- aqueous el ectrol yte battery. This -6- nonwoven fabric had an Rpy of

950 nV and ajnSRer@ér5. &0 obtkehl] @ stable Exampl ehi@h quality of 80%
of micro-glass fibers used in Exanple 3 15 and 20% of core-sheath
conposite f.ipeiatdngprendngbeing driven with a low drive voltage.

It is another purpoée of the present invention to
provide an ink jet head and a manufacturing method
thereof, wherein the gap portion and the wviblating plate
of the head have very high size precision, thereby it is
possible to attain a compacf and high density mechanism.

It is still another purpose of the present

. invention to provide an ink jet head of a érinter,
wherein a prohibition or sealing means betweén the - gap
portian and the outside is provided in order to keep the
size precision of the gap portion and prevent‘dust from
entering the gap- portion.

Accqrding "to the .ink jef head of the present
invention, it has a single or. plural nozzle holes for
emitting"ink drops, an emitting chamber 1led to
fespgctive nozzle ‘holes, a vibrating plate
conétituting at least one wall of the emitting chamber,
a drive means for generating a deformation in the.
v%?rating plate, wheréin the drive meaqs consists of an
electrode for deforming the  vibrating plate by static
electricity force.

Further an opposing obstacle between_the-vibrating
plate and the electrode is made 0.05 um or more - than
0.05 um, and 2.0 um or less than 2.0 um.

Additionally, the opposing distance holding means

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

This is the repiacement sheet
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Qolypropylene and pol yet hyl ene (NBF-H manuf act ured by Dai wa Spi nni ng
Co., Ltd.; 2 d X 10 mmin fiber |ength) as a fibrous binder were m xed
and dlspersed in water to prepare a slurry. The resulting slurry was
gubjected to 20 wet paper making process by a-cylinder paper nmachine to
make a nonwoven fabric of 20 g/nferr] in basis weight and 70 [err]min
t hi ckness for separator of non-aqueous el ectrolyte battery. Then, the
nonwoven fabric was subjected to a -Hot cal ender treatnent at 130 Cto

adj ust the thifeknessyit¥mting Fhdidd Morddd SonoaneY €drkabrsubdth e &Py of
600 nV and an SRa of 3.5 [err]m _
the vibrating platg,' or another dent for eleptrode
mounting, which is formed in the second substrate of the
electrode, or both dents.

.Acqording to another mode or embodiment of the
presént invention, the first substrate and the second
substrate, respectively are mono—érystal silicon
substrates, and a SiO2 membrane formed on at least one

. face of the cbnnecting portion of both substrates
constitutes a holding means for the opposing gap of
disténcef

It 1s possible to make the 8102 membrane by thermal
oxidized membrane of silicon, or the SlO membrane - can
be produced by spattering brocess a sintering précess
of inorgahic' silicon compougd, or a.'CVD process
vapefizing précess, 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
pqesent invention, - the electrode is. covered by a
dielectric membrane wzth a gap formed between .  the
electrode and the vibrating plate. | |

According to the preferable mode of ;he
manufacturing method of the ink jet head of the présent
invention, the method comprises at- least one of the
steps of 'pattern-forming of Sic_)2 membrane of a

predetermined thickness on the connecting face of the

eet Has Been RT laced
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x 47 - Exampl e 19 A nonwoven fabric of 20 g/nferr] in
basi s wei ght and 30 [err]min thickness for separator of non-aqueous
el ectrolyte battery was produced in the same manner as in "5 Exanple 18,
except that the amounts of the mcro-glass fibers used in Exanple 3
and NBF-'H (manufactured by Dai wa Spinning Co., Ltd.; 2 d X 10 mmin
fiber length) as a fi brous binder were 20% and 80% respectively. This
nonwoven fabric had an Rpy of 570 nV ang.an SRa of 3.4 10 [err]m

Exanpl e 20 ‘g5,5¢ silicon 4%@5?&‘2@0@%& befs Upfithd tidganpiged.

excepting its part for the vibrating plate, and of
pattern—forﬁing of SiOz_ membrane of a predetermined
thickness on the connecting face of the second silicon
substrate forming the electrode excepting its part for
the electrode, and of anode connecting the first and the
second silicon substrates through the Si0 membrane by
means of a Si direct connecting process.

According to another embodiment of the ink jet head
manufacturing method of the present ' invention, the
method has a vibrating plate forming step carried by
an alkali aﬁisotropy 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
carr&ing oﬁt a doping on the secgnd silicon substrate.

‘According to still another embodiment of the ink
jet headlof the ﬁresent inveﬁtion,_.the ink jet head has
the secoﬁd elgétrode integrally formed in the vibfating
plate- éo as to keep the gap between the opposing'
d%§tanee or parts. The second electrode is formed with p-
typé or n-type impurities.

According to another embodiment of the ink Jjet head
of the.present'ihvention, the gap distance holding means
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
is Shest Has Becn Reﬂlaced This is the replacement sheet
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and 40% of NBF-H (manufactured by Daiwa Spinning Co., Ltd.; 2 d x 10
mmin fiber | ength) and 20% of vinylon 15 fibers (VPB107-1X3 manufact ured

by Kuraray Co., Ltd.) as fibrous binders were m xed and di spersed in
water to pre- pare a slurry. The resulting slurry was subjected to wet
paper mnaki ng process by a cylinder paper nmachine to nmake a nonwoven

fabric of 20 g/n2 in basis weight and 70 [err]m 20 in thickness for
separator of non-aqueous electrolyte .9. battery. Then, the nonwoven

fabri hj - _ ‘
agjL;f rﬁz %%Jqﬁééﬁjﬁé)é’ﬁgggﬁé%%ﬁ¢ﬁ%q glreatment at 130[err] Cto

CKness I's nonwoven fabric had an Rpy of

560 mv and R g 343 [E&F1M  anclReEX@dMYRiklent 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 impufities layerl -~ A driving wiring
layer containing the second electrode is formed by a
high density p—-type impurities layer.

According to still another embodiment of the ink

. jet head of the present invention, the first.substrate
is a silicon substrate of crystal face direction (110)
and made by epitaxially growing a n—type impurities
layer on a p-type silicon substrate.

Another embodiment of the ink jet manufacturing
methbd has a step of forming a_n—type impurity layer
on a p—t;'pe silicon subs'cra‘ce\4 and a step of forming
the wvibrating plate by carrying out an electric chemical
anisotropy etéhing.procésé on the silicon substrate.

According to stili another embodiment of the ink
jet head 'manufacfuring method of the present inven;ion,.
tqg anode’ bonding method for bonding the first substfate
having the vibrating plate formed thereon to the second
substrate having the electrode formed thereon so as to
drive  the vibrating plate has a step for controlling in
a mannér:that a voltage difference between the vibrating
platé and the electrode when the énode bonding process

-is done. A potential of the electrode is made

identical with that of the vibrating plate.

I

heet Has Been Reﬁaced ' This is 1he replacement sheet

{711



3100% of the m cro-glass fibers used in Exanple

- 48 - 17 were dispersed in water to prepare a slurry. The

slurry was subjected to wet paper naking process. Howev- © er, the
Fesul ti ng nonwoven fabric was very low in strength because fi brous

bi nder was not used. 5 Exanpl e 22 100% of vinylon fibers
(VPB107- 1X3 manuf ac- tured by Kur?éay Co., Ltd.) as a fibrous binder
wer e - 1v-

According to still another embodiment of the ink
jet head manufacturing method of the pfesent invention,
the annode bonding process for anode bonding the first
substrate haéing the vibrating plate formed thereon 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
eléctrode. on the second substrate, a step. for
coﬁtrolling or decreasing a potential between the
vihréting plate and the common electrode when. these
first'and second substrates are anode—cénnected,_and a

'step for separating +the common electrode from the
glecfrode-driving the vibrating-plaﬁe after the anodé—
connecting process. |

Accbr&ing'to another embodiygnt of the ink jet head
of the present invention, the gap between the vibrating
plate and the elecfrode has a passage led to the
outside before.the first substrate provided with the
vibrating plate formed thereon and the second substrate'
pq?vided with the electrode are anode bonding and the
outlet of the passage is sealed by fhe 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 photd—sensitive resin laver or
adhesive agent layer of a pattern aroupd the electrode.

According to the ink Jjet head of the present

This Sheet Has Been Reﬂlaced
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dispersed in water to prepare a slurry. The résulting slurry was
subj ected to wet paper making process by a 10 cylinder paper nmachi ne, but

the fibrous binder nelted to “result in a filnmy product.. Exanpl e
23 . 10% of mcro-glass fibers used in Exanple 3 15 and 90%
of NBF-H (manufactured by Dai wa Spi nning Co., Ltd.; 0.7 d X 10 mmin
fiber length) as a fibrous binder were dispersed in water to prepare a
slurry. The result- i ng slurry-mgﬁ subj ected to wet paper making
process by g _- cylinder _paper nmachin o] e n n ' 20
IR T g M

_ngF‘O”'aq”e%q‘jézfo‘}Ié ol %ﬁ@teFXeéngg’itwe attraBRIWRVenshall ¢ ¥es
j ected to @ hot cal ender treatment
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 plate and the electrode, it is
possible to drive the ink jet head with a low voltage,
. and emitting speed and emitting volume of ink drops are
stable - attaining very high quality of printing.

it is of course that -the gap length or distance of
the cpposed_ gap .is confirmed .by experiments. The
reasons why the gap length is 0.05 um or more'than Q.05
um are the volume of emitted ink drop is not enough to
print a letter when the length,{s,less than 0.05 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 lengfh-
ii 2moré than 2.0um, it is .ﬁmpossible to attain
substantive high capacity of the ink jet head.

As a means for holding the gap length restficfed as
described above, thére are a dent for the vibrating

chambef, a dent for mounting the electrode, SiO

5
membrane formed on the connecting face of the
"substrate. to Dbe connected, . boro-silicated glass

membrane, or photo-sensitive resin layer or adhesive

This is the replacement sheet
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Qt 140 Cto adjust the thickness to 35 [érr]n1 The surface of the

nonwoven fabric becane fil ny. 25 Exanple 24 80% of gl ass
fi bers having an average fi ber _ - 49
€ diameter of 6 [err]m (manufactured by Asahl Fi ber d ass Co.,

Ltd.; fiber length: 6 m) and 20% of NBF-H (manufact ured by Dai wa
Spinning Co., Ltd.; 0.7 d X 10 nmin fiber | ength) as a fibrous binder
were dispersed in water to -12-. o

agent layer. The necessary gap length is held by these
dents or membranes.

In particular, Si0O membrane or boro-silicated glass
membrane is wused, it is ©possible to control the
thickness the membrane: with a high precision and to
equaliée the vibration characteristic of the vibrating
plate resulting accordingly. in a uniformed quality of
printing. _

| Aléo, because_of the second electrode is integrally
formed on the vibrating plate, .electric 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, whén the first _substrate. forming the
vibrating plate is formed by._ a. silicon substrate of
crystal face direction (110), it is pcséible to make. a
wall face of fhe cavity perpendicular to the face of
the silicon substrate due to an etching the miniaéurize
the pitch' distance of. the nozzles, and to attain a
swgll and high density of the ink jet head. |

Due to the fact that the vibrating plate is made of
a high density p-type impurity layer, it is possible to
improve . the drivigg freduenc?-énd crosstalk of the ink
Jjet head. | |

Additionally, when the potential between the
vibrating. plate and the electrode is controlled to

lower, for example to equalize both potentials of them

This is the replacement sheet
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5 prepare a slurry. The resulting slurry was subjected to wet paper

maki ng process by a cylinder paper machine to make a nonwoven fabric
of 20 g/merr] in basis weight and 100 [err]min thickness for
geparator of non-aqueous el ectrol yte battery. This nonwoven fabric had
an Rpy of 1100 mV and 10 an SRa of 6.5 [err]m Exanpl e 25

A nonwoven .fabric for separator of non-aqueous el ectrolyte battery of

20 g/nferr] in basis weight and 100 _j3ferr]min thickness for separator

o non- 20U K5 EGCHES! o 190 HRRLEH M paRter TuiliocPRLE TS B 1T

a hot Calenq550958§&”ﬁQEhaEh£3QfBﬂé%fﬂalﬁfaéé‘ éiﬁggngﬁéreon 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 electrode melting and
femaining stress of the vibrating plate is fortunately
prohibited 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
préssure in the gap space owing Yo heating process of
the anode-connection from rising, keep the gap length gt
the predetermined one, and prevent a generation of
remaining stress in the vibrating plate and a contact
betwégn the vibfating plate and electrode. 1In addition,.
.tﬁg outlet of the passagé is sealed by the sealing
member after the andéde-connection process is done  and
the temperature of the ﬁhole consfrugtion of the ink
jet head lowers to a room temperature preventing dust

from invading into the gap space.

4. Brief Description of the Drawings

Fig. 1 is an exploded perspective view of the first

This is the replacement sheet
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to 50 [err]m This nonwoven fabric had an Rpy of 1000 nV

6.1 [err]m

g/nmerr] in basis weight and 60 [err] min t hisRiee:Irs Béh R§®gad at or . of
nner as in

vinylon fi bers (VPB107- 1X3 manuf act ured by Kuraﬂgmwm .) as a

|ON- aqueous
Exanpl e 17,

20 Exanpl e 26 A nonwoven fabric of 20

el ectrolyte battery was produced
except that the amounts of the nicro-

s and

fi brous binder were 95% and 5% -14 -

embodiment of the ink jet head according to the
present invention; |
. Fig. 2 is a sectional side -elevation of the first
embddiment;. _
Fig. 3 is a A-A view of Fig.1;
Fig. 4 is an exploded perspective view of the

second embodiment of the ink jet head according to the

present invention;

Fig. 5 is a sectional side elevation of the second
eﬁbodiment{ |

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 pergpegctive 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 third'embodimeht;

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

o% the-Qibrating plate of the third embodiment according
to the present 1nventzon,

Fig. 11 is a manufacturing step dlagram of the
second substrate of the third embodiment;

Fig. 12. is a perspective view of the first

substrate of the fourth embodiment of the ink jet head

-according to the present invention;

Fig. 13 is a manufacturing step diagram of the

and an SRa of

50
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respectively. Exanpl e 27 ' A nonwoven fabric of 20
g/merr] in basis weight and 30 [err]min thickness for. separator of
non- aqueous 5 electrolyte battery was produced in the same nanner as in
Exanpl e 20, except that the anobunts of the mcro-glass fibers used in
Exanpl e 3, NBF-H (manufactured by Daiwa . Spinning Co., Ltd.; 2 d X 10
nmm and vinylon fibers (VPB107-1X3 manufactured by Kuraray Co., Ltd.)
as fi- 10 brous binders were 30% 50%iand 20% respectively. [err]

first substrate of the fourth embodiment;

Fig. 14 ia an exploded_perspective vieu of the ink
jet head according to. the fifth embodiment of the
present invention;

Fig.15 is a manufacturing step diagram of the first
subsfrate according to the fiftn embodiment;

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

. embodiment of the present invention; Fig. 17 is a
nanufacturing step diagram of the first substrate
according to the sixth embodiment of the present
invention; Fig. 18 is a view showing an electric-
qhemical ‘anisotropic etching process to fhe sixth
embodiment; Fig. 19 .is a perspective view of the first
substrate ;f the ink jet head .;according to the seventh
embodimenf of the presenf invention; Fig. 20 is a
manufacturing stap diagram of the first substrate of
the seventh embodiment; Fig. 21 is a perspective view of
the first substrate of the ink jet head according to the'
e%ghth-embodiment of the.present invantion} Fig. 22 is a
manufacturing step diagram of the first substrate
according. to the_ eighth embodiment; Fig. 23 is a
relationship view of boron density and_etahing-rate at
an alkali anisotropic etahing process; Fig. 24 is a
sectional view of an embodiment o©of an anode connecting

apparatus -used in the anode connectin§ process of the

present invention; Fig. 25 is a plan view of the anode

This is the repiscemernt sheet
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s 52 - Eval uati on: The nonwoven fabrics for separator

of - non-aqueous el ectrolyte batteries of Exanples 17-20 and 27
were superior in battery processability such as Srollability with

&l ectrodes, and non-aqueous el ectrol yte batteries superior in battery
characteristics could be made. Since the nonwoven fabrics contained

m cr o- gl ass fibers, they were excellent in heat resistance and did
not shrink or burn owwng to nelting of the fibers even 10 when battery
tenperature rose due to external -16-

connectlng apparatus above; Fig 26 is a sectional - view
of another embodiment of the anode connecting apparatus
used in the anode connecting process accoraing to the
present invention: Fig. 27 is a plan view of the gnode
connecting apparatus shown in Fig. 26; Fig. 28 is a
plan view of still another embodiment of the anodé
connecting apparatus used,. to the anode connecting
process acco:ding to the present_in&ention: Fig.'29 is
a plap'view of the second éubstrate shown in Fig. 28;
Fig. 30 is a sectional wview showing still .another
embodimenf of the anode connecting apparatus ‘used fo the
anode connectlng process of the present invention; -Fig.
31 is a sectional view of another embodiment of a dust
proh1b1t10n method of the present invention; Fig. 32 is:
- a plan view of the embodiment ghown in Fig. 31; Fig. 33
is a sectional view of another embodiment of the duét
prohibition of the present invention; Fig. 34 is a
sectional view showing . another' embodiment of the.
distance- holding means according to the present
iqyentioni 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

Hereiﬁafter, the'preferred embodiments of the ink
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short-circuit. Thus, ignition of batteries could be prevent ed.

Furthernore, the mcro-glass fibers contained - sodi um oxi de whi ch

hi nders battery reaction and, there- ° fore, the battery storage
characteristics were somewhat 15 inferior. On the ot her
hand, the nonwoven fabric for separator of non-aqueous el ectrol yte
batteries of Exanple 21 was conposed of only mcro-glass fibers and,
t her e- fore, excellent in heat resjstance, but since mcro-glass 20

[1bers have 00ySGidad! AY NInQOVRlaoSdd N0t abhe will NANQNEN AR ©

nmuch dec_reas% to often cause trou reakage at theti
fabrication gt RafLepk ﬁceTh‘ﬂé’ the achBhbShyiREOaeaRaRLs.lY was very bad

and non-agueous el ectrolyte batteries Could not be stably produced.
(Embodiment 1)

“Fig. 1 is an exploded perspective view showing
the ink head according to the first embo'dimént of the
breseﬁt invention and a-part of the head is shown in a
section. The first embodiment is the ink jet hea;i of

. an edge ink :jef type wherein ink. drops emit through a
noézle hoie formed at an end portion of the substrate.
Fig. 2 is a sec_:tional elevation of the whole _structuré
of the assembled ink jet 'head, and Fi.g..3 is a section
glong the 'arrows ‘A-A of Fig. 2. 'i'he ink jet head 10 of
the embodiment ‘has a laminated structure of three
substrate's" 1, .2 and 3, respecti_.ve,ly have a constrﬁction
as d_escribed below.

The first ﬁiddle substrate 1 is of a silicon one
and has a plurality of ﬁozzle grooves 11 placed a'\t an
end of the face of the substrate 1 and at a regular-
| irtterval in parallel to each other endiflg with plurality
‘of nozzle holes 4, a plurality of dents or concave
portions 12 constituting emitting chambers 6
r.espectivelylled tp each nozzle grooves 11 and h.av_:'..ng
their bott.om' walis of the vibrating plateé 5, a
plurality of their grooves 13 of ink flowing inlets
_constituting orifices 7 at rear portions of the concave

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

is Sheet Has Been Reﬂlaced ~ This is the replacement sheet
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25 The nonwoven fabric for separator of non- aqueous
electrolyte battery of Exanple 22 was com posed of only vinylon fibers
whi ch are fibrous binder and, therefore, became filnmy. Thus,
penetration of -53 -

el ectrolyte was inferior and the resulting non-aqueous el ectrol yte
batteries were inferior in battery character- I stics and battery
storage characteristics. Furthernore,_ig- since the nonwoven fabric was

inferior in heat resiig 5,tanc§, éhe fibe5§,neltedkyhgn batterg .
tenperatureqﬂﬂﬂ?n ink cavity or supplying in O respective
emitting chambers 6. Also, there are dents 15 on the

lower portions of the vibrating plates 5, which dents
constituting wvibrating chambers 9. Electrodes are
mounted in the vibrating chambers 9 as described below.
In thg embodiment of the ink jet head of the
present invention,l a distance 'holding | means is
coﬁstituted by the dents 15 uséa as vihrating chambers
formed on the bottom face of the first substrate 1 in
order to make.the opposed distance between the vibrating
plate 5 and an électrode' oppositely placed +to tﬁe
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 L of the | electrode. _ According to the
embodiment, the dent 15'is etched to have.a depth of
0.6um. A pifch; of the nozzle grooves 11 ‘is 0.72mm
and a width of the nozzle groove 11 is 70um.
The second substrate 2 attached to the bottom féce
o% fhe first substrate 1 is made of (boro-silicated
glass) and these attached substrates 1 and 2 constitﬁte
~a vibrating chamber 9. At respective positions of the
second substrate 2 corresponding to respective
vibrating plates 5, gold of a pattern similar to thé
shape of the vibrating plate is spatted with a thickness
of 0.1lum  in order to obtain a golden pattern of - a

shape almost identical with'that of the vibrating plate

T e—
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due to external short-circuit, resulting in shrink of the nonwoven
fabric to cause internal-short circuit owng to contact between

el ectrodes to generate heat, which led to ignition. 10

& nce the nonwoven fabric for separator of non- aqueous el ectrol yte
batteries of Exanple 23 contai ned - smal | amount, nanely, 10% of the
m cro-glass fibers, it was inferTof "in heat resistance, and the fibers
melted = SwhenIlatisryan emiecitrode r23e baeing ex@erdesfld 232 and a
short-circuit, resulting in shrink of the nonwoven fabric to cause

i nt er nal - shaermdinadui 23owi nly ttomorsiddeed@d glasset fpahteréngr odeslmo
generate heat, which led.to igni- .tion. Furthernore, content of

vinyl on fi beoyers thghsecond pukstiratdo? t RXEREIRG She (RlerRRIRN

fabric filmed, 20 _ and thus Eenetration of electrolyte was _inferior and
t he terminals 23 with a thickness of 0.2um. It is a

dielectric layer 24 préventing diélectric breaks and
short circuifs when the ink jet head is driven. The
dielectric laye£ 24 may consist of silicone ‘compound..

Thé third substrate 3 attached to an upper face of

. the first substrate 1 is madé of boro-silicated glass
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
gavity 8. The substrate 3.'has an ink sﬁpply opéning.
31 1led to-thé ink cavity 8. Thé ink supply opening 31
is connected to an ink' tank_ {(not shown) £hrough a
éonnectiﬂg:pipé 32 and a tube 33.

Next, the first substrate 1 and the - second
substrate 21 are anode bonding by impreésing a voltage
of 500V at a temperature 300°C to them. With the same
cqu;tion above, tﬁe-first.substrate 1 and the third
substrate 3 are connected and the ink jet head shown in
Eig. 2 is assemﬂled. After an anode bonding,' a
difference between the depth of the dent 15 and the
thickness of the electrode_Zl is the gap length between
the'vibrating plate 5 and an électrode 21 on the second
substrate 2 is .made '0.5 um. A space .distance G1
between the vibrating plate 5 and the dielectric laver

24 on the electrode 21 is made 0.3 um.
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resulting non-aqueous electrolyte batteries were inferior In battery

characteristics and battery storage character- I stics.

Since the nonwoven fabrics for separator of 25 non-aqueous. el ectrolyte
batteries of Exanples 24 and 25 _contained glass fibers, they were
superior in heat resis- tance. However, since the average fi ber

di anet er was | arge, nanely, 6 [err]m the thickness of the nonwoven
54 - fabric was uneven, and not oypjy the battery

After the ink jet head is assembled as described
above, oscillation circuit 102 is connected between the
.substrate 1 and. a terminal 23 of the electrode 21
through a wire 101 in order to form an ink .jet
recording apparatusf Ink .103 is supplied to an
interior of the substrate 1 from an ink tank (not shown)
through the ink sﬁﬁply. port 31 and the ink cavity 8
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 170V is
iﬁpressed ‘to the electrode 21 by the oscillation
cifcuit 162 and a surface of _ 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'downwa:d by sucking
effect of static electricity. Next, the electrode 21
ii' made off, the vibrating plate 5 returns to its
original position. . Ihus, pressure in the emitting
chamber 6 abruptiy rises and an ink drop 104 is emitted
onto the recording ﬁaper 105 through the nozzle hole
4. Then, thetvibrating plate 5 agaid bends downward
énd ink 103 is supplied to the emitting chamber 6 from
the ink éavity'a through the orifice .7.

According to experiments carried by the inventor,
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processability such as rollability with el ectrodes was I nferior, but

when they were used as separators of non- agueous el ectrolyte battery,
el ectrical resistance of 5 the separators in width direction became
gon-uni f orm and the resulting non-aqueous el ectrolyte batteries were
sonmewhat inferior in battery characteristics and battery st orage
characteristics. Furthernore, the nonwoven fabrics had pin holes and
when éheydmere incorporated 10 into baiteries, internal-short circuit was
caused an met.i nes ni ti.on oS .t ed

nonwoven fabRfc FB& sdfar a{txg,a f 10 #ha?quggﬁs A" ctrcﬁvefntjgér?terl es of

X< 29 SSURLIRR. <o, BT AN 44T 38 B
power flies ink drops with a speed Tm/sec onto the
re&ording pééer. Resultin§ printing éfficiency was
very-good with sucﬁ.low voltage for driviﬁg or flving
ink drops, in Fig. 35, numeral 300 is a platen, 301 is
a ink tank, and 302 is a carriage of the ink head 1ol
When the gap length bétwéen the vibrating plate 5. and

. the electrode 21 is 2.5 um, drive voltage was

unpractically more than 250V.

(Embodiment 2)

Fig. ‘4 is an exploded perspective view of the  ink
jet head .aécording to the second embodiment Bf' the
present inbention and a part:hoj:fhe ink Jjet head is
shown b&'breaking in section. The ink jet head shown.
is 6f a face ink jét type having nozzle - holes formed at
a facé portidn.cf a substrate, through which holes
ink drops emit. Fig: 5 "shows a segfional side
e%evatzon of the whole ‘construction of an assembled
ink "jet head according - - to the present invention -and
Fig. 6 shows a sectlonal-V1ew taken along a_B—B line
in Fig. 2ﬂ Heréingfter, the part or members of the ink
Ijet head identical with or 'simflar to that of the
embodiment 1 will be explaineq with the iqentical

reference numbers of the embodiment 1.

The ink jet head. 10 of the second embodiment is

This is the repiacernent sheet
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fabric was apt to break at the tinme of fabrication of battery to cause
I nternal short-circuit and, sonetines, I gnition occurred.

Exanple 28 20 80% of al umina fibers (SAFFI L RF manuf act ured
by I1Cl Co., Ltd.) and 20% of p-aram d fibers at |east a part of which
were fibrillated to 1 [err]mor less'in fiber di anet er (TYARA KY-400S
manuf act ured by Dai cel Kagaku K. K. ) were m xed and di spersed in water
to prepare a 25 slurry The resultingzyLury mas subjected to wet paper

Tl DT O0SSE e CHL UPE MR TBE S 10, PR non0 ST LY 1 © ©
formed in a face of the third substrate 3.

The first substrate.l of this second embodiment is
made of a silicon of crystal face direction (110) of-a
thickness 380 um. The bottom wall of the dent 12
constituting the emitting chamber 6 is a vibrating
plate § of a thickness 3um. There is no dent of the
vibrating chamber of the firstiembodiment at the .lower

. portion of the vibrating plate 5, instead the lower
-face of the vibrating chamber 5 of the second embodiment
is a flat and smooth face polished or finished as a
mirror.

The second substrate 2 attached to the bottom face
of.the first substrate 1 is made of BorofSilicéted glass
as that of the first embodiment.. The éap length G is
formed on the second substfate by a dent 25 formed by an
'etching process of 0.5 um in o;der to mount the
e;ectrode 21. The dent 25 is made in a pattern larger a
little than a shape of the electrode in order to mount -
the electrode 21, lead 22, terminal 23 in the dent 25.
The electrode 21 is made by spattering ITO of 0.1um
lthickness in the dent 25 to form ITO pattern, and gold
used to bondings a;e'spattered only on.the tefminal 23.
Except' for the electrode temfinal 23, Boro-Silicated
glass'spatter filﬁ is covered on a whole surface witn
‘a thickness 0.1 ﬁm qakinéla ‘dielectric lavyer 24. _ In

Fig. 4, the dielectric layer 24 is. drawn as a flat

. This Sheet Has Been Re,
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s 55 - t hi ckness for separator of non-aqueous el ectrol yte bat-

tery. " Conponents of the alumna fibers used in this
Exanpl e were as foll ows: 5 _ <Components of alum na fibers>
Aferr]Jerr] 96% . Sigerr] : 4%
Exampl e 29 70% of alumina fibers used in Exampl e 28 and 10
30% of pol yethylene fibers at |east a part of which were

-23 -

shapé. In fact, the dielectric layer 24 has dents 25
formed in the flat surface;

.Consequently, acéording to the second embodiment,
the gap lenéth is 0.4um;and the spacé distance G1 is 0.3
um after an anodic bohding.

The third substrate 3 a;tached to the top face of
the first substrate 1 is made of SUS plate of a
thickness 100um. On the face Af 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 1led to thé dent or concave 14
of - the ink cavity. | _

When tﬁe ink jet head 10 of the third embodiment’ is
uséd and a plate voltage of OV to 100V is impressed from
the oscillation circuit 102 to._the electrode 21, a good
pfinting efficieﬁcy-corresponding to that of the first
embodiment is obtained. When the ink jet head provided
with a gap length G of 2.3 um is used, the driving
voltage becomes-more than 250V, thereby. the ink jet head.

is not practical in the printer.’
%

({Embodiment 3)

-Fig. 17 shows an exploded perspecfive view of the
ink jet head accor;ing to the fhird embodiment of the
presént invention and a- part'of the head is shown in
"section. Fié. 8 is aﬁ énlargéd perspective view of a

part of the ink jet head.
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fibrillated to 1 [err]mor less in fiber diameter (TYARA KY-420S
manuf actured by Daicel Ltd.) were m xed and di spersed in water to
prepare a slurry. The resulting slurry was subjected to. wet paper
gaki ng process by a 15 cylinder paper machi ne to nake a nonwoven fabric of
25 g/nerr] in basis weight and 85 [err]min thickness for separa-

tor of non-aqueous electrolyte battery. This nonwoven fabric had an
Rpy of 980 mV and an SRa of 5.8 [err] m24- Exanple 30 20

50% of al um na filessSrased ive ExREPI@i23 288bodimeR0%cE PREYPIMIOY jere
fibers at least a part of which were fibrillated to 1 [err]mor |ess

in fijberddi i@ (He'Ad¥p lengtly-HD&ingnuéans uiedfbymédi bel siod. ) were

et an membraneé 41 énd 42, respectively and previoﬁsly formed

at the space between the' first substrate 1 and the

second substrate 2. ° These _SiO2 membranes 41 and 42

function as gap spacers. The first substrate 1 is made

of a single .grytal Siliqon. wafér of a crystal face.

direction (100). On the bottom face of the wafer except
.a part corresponding to the vibrating plate 5, the SiO2

membréne 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). SiO2 membrane 42 of, for example, 0.2 um is
. formed on the upper face of the second substrate 2
except the eleétrode 21. "
‘As a result, thé gap length between- these
substrates 1 and 2 becomes 0.5um (see Fig. 8). -

Fig. 9 shows the manufacturing steps of the first
substrate according to the third embodiment of the
pr&sent invention. .

First, both faces of the éilicon wafer of a
crystal face direction (100) are mirrof-polished. in
order to make a silicon sﬁbstrate 51 of a thickness
200 um-(see Fig. 9{(a)). The silicon substrate 51 is
treated with thermal oxidization treatment in oxygen and

steam atmosphere of a temperature-lloooc for 4 hours in

order to form a Si02 membranes 4l1a and 41b of a
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gdi spersed in water to prepare a slurry. The resulting 25 slurry was

subj ected to wet paper naking process by a cyl i nder paper nmachine to
nmake a nonwoven fabric of 20 ) ) - 56 -
g/ nferr] in basis weight and 70 [err]min thickness for separa- tor of
non- aqueous el ectrol yte battery. This nonwoven fabric had an Rpy of
960 nV and an SRa of 5.7 [err]m Exanpl e 31 5 70% of

alum na fibers used in Exanple 28, 20%s .

thickness 1 um on both the faces of the silicon
substrate 51 (see Fig. Q(b)). SiO2 membganes 41la and
41b function as an anti-etching material.

Next, on the upper face of the SiO2 membrane 4la,
a photo-resist pattefn'(not shown) having a pattern of
nozzle 4, emitting chamber 6, orifice 7 and ink ca&ity
8 is formed. The exposed pgrtion of the SiO2 membrane

. 41a is etched by fluoric acid etching agent and the
. photo-resist pattern is. removed (see Fig. 9(c)).

Next, the silicén substrate 51 is arisotrophy-
etched by alkali agent. When single crystal sil;con is
‘'etched by alkali, such as kalium hydroxide solution and
hyéradin, 2tc. as well knowﬁ, differenée between etching
speeds on various crystal faces of the single crystal
silicon isilafge, thereby it {s,possible to éarry out
arisotrophy etching on them. In practical, because fhe
etching speed of (111) crystal face is the least or the
lowest, the crystal face (111) is remained after the
etchirng process is finished.

'(' According to the third embodiment, caustic potash
"solution containing isopropyl alcohol is used in the
etching treatment. Because ﬁechanical deformétion
characteriétics of the vibrating plate is determined by
each size or measurement of the wvibrating plate, the
desién size of every pért of the vibrating plate is
‘determined @ with reference to ink emitting

characteristics necessary to the ink jet head -of the

cet Has Been Re laced 1 . This is the replacemerit sheet

i TR




of p-aramd fibers at |least a part of which were fibril- lated to 1
[errJmor less in fiber dianeter (TYARA KY-400S manuf act ured by Dai cel
Ltd.) and 10% of vinylon fibers (VPB107-1X3 manufactured by Kuraray
€0., Ltd.) were 10 m xed and di spersed in water to prepare a slurry. The
resulting slurry was subjected to wet paper neking pro- cess by a
cyl i nder paper machine to nake a nonwoven fabric of 30 g/nferr] in
basis weight and 90 [err]min t hi cknes< - for separator of non-aqueous
el ectrol yt ePBEEEEY inventigyanpiecarding to the thirfhbmmfodimenna silica
fibers (S FlI BER, SC BULK 1400B manuf actured by Shin-Nttetsu Chen cal
Co., Ltd.) widthypnj 28, dhey ¥iBreEinghbarkatR 15cads SORr wmf and chtd@er e
fib :

. in fiber dianmeter (TYARA
rillated {9 fdedld 141 %rOJ.leeS(Ssee Fig. 10). (

In the silicon substrate 51 of (11) face
direction, (111} face crosses structurally with {100)
face of the substrate at an angle of about 55°, SO that
when the sizes of the vibrating plate to be formed in
the silicon substrate of (100) face direction are
.determined, the mask pattern size of anti-etching
material is primarily determined with reference to the
thickness of the first substrate. As shown in Fig.10,
the width d of the top opening of the emitting_chambef
6 is determined 740um ahd. 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 oqr_;o um is obtained. 1In
a practidal etching p£ocess; (111) face is a- little
etched or undercut and the .size d shown in Fig. 10
becomes a little larger than the mask pattern width d 1.
Consequently, it is necesary to make the mask pattern'
wigth d 1 small by a part corresponding to that of (111)
face 12a undercut, so ‘that it is 730 um in the third
embodiment of the present invention and  the
predetermined length (170 um) is etched by alkali
etching'solution (see FigL 9{(d)). '

Next, SiO2 membrane 41b on .the bottom face of the
silicon substrate 51 is patterned. 'The thickness of

-

the Si02 membrane 41b was 1.um at the stage Fig. 9(b).
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20 KY—4OOS manuf actured by Daicel Ltd.) were m xed and di spersed in

water to prepare a slurry. The slurry was subj ected to wet paper
-maki ng process by a cylinder paper machi ne to make a nonwoven fabric
of 30 g/nferr] in basis wei ght and 90 [err]min thickness for
separator of 25 non-aqueous electrolyte battery. Conmponent s
of the alum nasilica fibers used in
- - 57 - - this Exanple were as foll o@9:- <Conponent s of

al um navsi | ifg2 44 bP8IRA1i arisotrophy etching process shown in Fig.

| 9(d), the SiO2 membrane 41b is etched by alkali solution

and its thickness deéreased to 0.3 um. According to

the third embodiment, an etching rate of the 8102

membrane is very'smali, so a reproductivity of decrease

in a.thickness of the S:V.O2 .membrane 41b is lgood and
~uniform.

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

. shape corresponding to the vibrating plate 5 1is formed

on the SiO2 mémbrane 41b(41), the exposed portion of the

SiOz‘ membrane 41b is etched by fluoric acid etching

solution so as to ‘remove the photo-resist pattern.

. Simultaneously, all material of the SiO2 membrane -4la

remained. o# the upper fgce of the_'substrate 81 is

‘removed (sée Fig. 9(e)). v -

After such-steps.éré finished, the first substrate
1 shown in:fig. 7 is completed.

Nekt,_ the. manufacturing speps of the second
substrate according to +the third embodiﬁent 6f the
pq?sent invention will be explained with reference +to
Fig. 11.

- First, béth the faces of a n-type silicon substrate
52 of (100) face direction are mirror-poiished and heat
and oxidiéation treatment is done on the substfate 52
in oxygen and steam -atmosphere at 1100° ¢ for a
predetermined time in order to form the SiO2 membranes

42a and 42b on both the faces of the silicon substrate

Fhis Sheet Has Been Reﬂ This i epiacemem Sheet
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Aferr]Jerr] 42. 5% Sigerr] 55. 0%
5 Crlerrr](err] 2.5% Exanpl e 33

70% of alumina[err]silica fibers used in Exanple 32 and 30% of

pol yethylene fibers at |east a part of which were fibrillated to 1
[errJmor less in fiber diameter 10 (TYARA KY-420S manuf actured by Dai cel
Ltd.) were m xed and dispersed in water to prepare a slurry. The
resul t- ing slurry was subj ected-tg-wet paper nmaki ng process by a

cylinder papgy {1@%{] {rrg,e a nonwoven fabric of 25 g/merr] in
basi s wei ght an ?e? m hlckness for separa- 15 tor of non-aqueous
electrolyte battef¢kt, a photo-resist pattern (not  shown)
corresponding to the shape of the electrode 21 is
formed on the upper SiO2 membrane 42a and the é;:posed
portion of the SiO2 membrane 42a is etched by fluoric
acid etching solution to remove the photo-resist
pattern (see Fig. 11(b)). |
In the ne:it step, the exposed Si portion 43 of the
. silicon substrate 52 is boron-dobed. A boron-doping
process is shown below. The siiicon substrate 52 is
held in a quartz tube through a quar"cz. holder, steam
with' bubbled BBr3  of N2 carriers is led +together with
Qz 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
agént, thHen driven—iél.within 02. Thé exposed part 6f
Si 43 is a p-type layer 44 (see Fig. 11(c)). The p-
type layer 44 functions as the electrode 21 aé shown in
Fig. 7.
( In the step of Fig. 11(c), the thickness of the
.S:i.O2 membranes 42a and 42b on the upper face of ‘the
silicon sSubstrate 52 increases, 'so in the tﬁird
embodiment- the thickness of the S:‘LO2 membrane 42a is
mad'e. to increase to 0.2um. Next, a photb-re.sist pattern
(not shown) corresponding to the shape of the p;-type
layer'44 {(electrode 21) is formed and the exposed ones

of the Si02 membrane 42a are etched by fluoric acid

This is the replacement sbeet
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Exanpl e 34 80% of alumnasilica fibers used in Exanple 32
and 20% of pol ypropyl ene fibers at |east a part of which wer e
fibrillated to 1 [err]mor less in fiber diameter 20 (TYARA KY-430S

ranuf actured by Daiccel Ltd.) were m xed and dispersed in water to
prepare a slurry. The result- ing slurry was subjected to wet paper
maki ng process by a cylinder paper machine to make a nonwoven fabric
of 20 g/nmerr] in basis weight ancdg/0 [err]min thickness for separa-

25 tor of ”Qﬂﬁﬁﬂﬂﬁ?Q§g§h€C£éﬁb¥ﬁﬁgb@ﬁ&ﬁrXsee Fig. 11(d)). Thus, the
second subs{rate 2 shown in Fig..T is obtained.

According to the ink jet head of the third
embodiment of the present invention, the size of the
gap -léngfh G Eetween the wvibrating pléte 5 and the
electrode 21 is determined to 6.5 um on the basis of an
ink emitfing characteristic of the ink jet head.
Because the thickness of the Sio2 membrane 41b of the
_first substrate 1 is 0.3 um as mentioned above, the
process is carried out so that the thickness of the
'SiO2 membrane 42a in the step of Fig. 11 (c) bgcomes
0.2um. .

The substrate 1 and 2 formed according to the steps
above are 'joined by. a Si-Si difect connecting method
making the head canstruction aaﬁsbbﬁn enlargely in Fig. .
8. The joining steps wili be described.

First, the silicon substrate 1 is washed with a
mixtu:e of sulfuric acid and hydrogen peroxide of 100°C,
then poSitioﬁs of the_corresponding patterns of both the
suEstrates 1 and 2 ére.matched, and finally they are
piled each other. After -that, both the subtrates 1 énd.
2 aré thermally treéted-at a temperature of 1100°¢ for
one hour obtaining firm combination of them.

Thé sizes of the gap length G of 6ne hundred ink
jet heads manufactured are scaftered in 0.50 + 0.05 um.
and the _thicknesses of the wvibrating plates are

scattered or distributed in a range of 30.0 + 0.8 um.
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- 58 - Exampl e 35 70% of alum naosilica fibers used in
Exanpl e 32, 20% of polypropylene fibers at |east a part of which

were fibrillated to 1 [err]mor less in fiber dianeter 5 (TYARA KY-430S
manuf actured by Daicel Ltd.) and 10% of vinylon fibers (VPB107-1X3
manuf act ured by Kuraray Co. Ltd.) were m xed and di spersed in water
to prepare a slurry. The resulti ngqil urry was subjected to wet paper
maki ng process by a cyl i nder paper machihe to nmake a 10 nonwoven fabric
of 20 g/ n{ eFben Fhmsiskwdpghtreads 2rqg erdgiven with 40 RnRE § okHz.

separator of non-aqueous el ectrol yfe bat- tery,
, ink drop emitting speeds are scattered in a range of

8 + 0.5 um/sec. and ink drop volumes are distributed in
a range of (0.1 + 0.01) x 107°% cc. 1In a practical
printing test of the one hundred ink jet heads, A good
results of prin'_cing. are obtained. |

According té the third embodiment of the present
invention, a gaseous process using BBr3 forms a p-type
.layer and the electrodé 21. However, the p-type layer
forming method includes ones, such as an ion injection
method, a spih—coating method in which coating agent
B,0; scattered in inorganic solvent is spinned, and
other method using a distribution source of BN (Boron
nifrogen) plate. . It is possible to use other elements
in group III,'such‘ as Al, Ga .g_'.n, order to form p—txf;pe
layers.

It is also possibléi to make the .electrode 21 a n-
type layer supposinglthat the silicon substrate 2 is a p-
type substrate. In this. case, various doping methods
ar.f used, that is V g_roui: elements such as P, As, Sb and
thé like are doped making "the electrode 21.

According to the third embodiment, the sio,
me,mbfane_s 41 and 42 form the gap portions. However,
becauseA it is possible if anyone of the Sio2 mémbraneé
is not used to connect Bo_th the substrates owing to the
principle_ of Si—Si direct connecting process, one of

the membranes 41 and 42 may have the necessary length

l'hls Sheet Has Been Reﬂlaced ? ' This is the replacement sheet
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Exanpl e 36 70% of rock wool (S FIBER FF manufactured by 15
Shin-Nittetsu Chemcal Co., Ltd.) and 30% of polyethyl ene fibers at

| east a part of which were fibrillated to-1 [err]m or less in fiber

di anmeter (TYARA KY-420S manufactured by Dai cel Ltd.) were m xed and
di spersed in water to prepare a slurry. The resulting slurry was
subjected to wet 20 paper making process by a cylinder paper machine to

make a nonwoven fabric of 30 g/n{erx% in basis weight and 100 [err]m
thick for separator of non-aqueous el ect?ol te batter

70% of the rctk VW &R ﬁﬁ‘qzxéfﬁ?l ¥ AFH 1‘231930%36%/ PSar é'rﬁ“i?vﬁa‘ﬂp#’é’
| east a part of which wer
fluoric ac1d etching agent in a Si-Si direct connecting

process obtaining the gap.portion of the same material.

In the third embodiment, the sio, membrane of the
gap spacer is used as an etching mask when an alkali
arisotrophy etching process is done and the size of
the membrane decreases, so that the face condition a
little deteriorates while an etching step. When the

. . face deteriorates to a certain degree, once all the SiO2
membrane is removed by fluoric acid etching agent and
then a thermal oxidization process is used to form SiO2
membrane of.a necesséry thickqess obtaining a suitable
ggp épacen.

In addition, according . to the third 'embodiment,
considering the specificétion af ;he-ink jet head, the
éap_ length is. determined temporarily to 0.5 um.
However, because Si thermal oxidized membranes can be

. manufactured precisely and easily until their
thickneéses reach 1.5 um, only confrolling the thickness
of the Si thermal oxidized membraﬁes of the gap spacers
according to the specification in case that the
specified size of the gap length is 0.05 to 2.0 um
enables to obtain an ink jet head.provided with the gap
bbrtioﬁ having a precise.measurément similar to that of

the third embodiment.

(Embodiment 4) ' Tms is the replacement sheet
: ’ - 5 iopiscement sheet
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fibrillated to 1 [err]mor less in fiber dianmeter (TYARA

I 59 - KY- 400S manufactured by Daicel Ltd.) were m xed and

di spersed in water to prepare a slurry. The resulting slurry was

subj ected to wet paper neki-ng process by a cyl i nder paper machine to
make a nonwoven fabric of 30 5 g/nferr] in basis weight and 100 [err]m
thi ck for separator of non- agueous el ectrolyte battery. Exanpl e
38 -32-

Fig. 12 shows . a'partly—broken perspective view of
the first substrate used to the ink jet head according
to the fourth embodiment éf the present invention. The
second sSubstrate and the third substrate on which
electrodes are formed are identical with that of the
third embodiment "of the present invention and the
explanations for them . are omitted from the
specification.’

'According to the fourth embodiment of the ink jet
head, a second electrode 46 consisting of a p-type or n-
typé impurity layer is formed on the gap opposed face 45
of the.vibrating ﬁlate 5 as shown in Fig. 1é_in order
to improve frequency characteristic of the oscillation
circuit_or.crOSstalk'when_the ink jet head is driven.
The gap lehgth'G of the fourthyeﬁbodiment is the space
distance '~ between the second electrode 46 and the
electrodé 21 on the second substrate (see Fig. 7). The
diétance 'holding means is constructed by the s:i.O2
membrane 41 formed on the bottom face | of the fifst
s%Psfrate 1 in a manner described below and the second
substrate of the third émbodiment. In this case tdo,
it is possible to obtain the gap length G by only one of
the SJ'.O2 membranes.'

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

First, Eoth the sides of a silicon wafer of n-type
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JWAIT 51 00T 0

Date:



%0% of the rock wool used in Exanple 36, 20% of polyethylene fibers at
| east a part of which were 10 fibrillated to 1 [err]mor less in fiber

di anet er (TYARA KY-420S manuf actured by Daicel Ltd.) and 10% of

Vi nyl on fibers (VPB107-1X3 nmanufactured by Kuraray Co., Ltd.)

were m xed and dispersed in water to prepare a slurry. The resulting
slurry was subjected to wet paper making 15 process by a cylinder paper
machi ne to nake a nonwoven fabricsgf. 30 g/n{err] i n basis weight and

95 [err] mthj se arator of non-a ueo ctrol te atter ThIS
nonwoven fab fﬁoLaéaﬁﬁ RAF ST RS A2 aR4TERTS %g %]r%

Exanpl e 39 a silicon subé%%é%g §§105“£n1gﬁiékges§-%ﬁﬁjum Féggp%QQgs

13(a)), the silicon . substrate 53 is thermally
oxidization-treated in an oxygen-steam atmosphere at’
1100°C for 4 hours in order to form Si0, membranes 41la
and .41b of thickness 1 um on both the faces of the

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

Next, on the loyer SiO2 mémbrane 41b, -a photo-
resist_pattern fnot shown) corresponding to the shape of
the electrode 46 shown in Fig. 12 and a lead (not shown)
is formed, and the exposed portlon of the 5102 mepbrane
41b is etched and removed by fluoric acid etching
agent in order to remove the photo-resist pattern (see
Fig. 13(c)). " .

At the next stage, the exposéd Si portioﬁ_47 of
the .silicon substrate 53 is doped according to the
treatment process ideﬁéical with that of fhe third
embodiment of the preseﬁt invention in order:to form a p--
tgPe Yayer 48. Tbe p—-type layer 48 functions as the
second electrode 46 (see Fig. 13(d)).

A photo-resist pattern is (not shown)
cérresponding to the shape of the nozzle holes 4,
emitting chambers 6 and the iike are formed on the upper
Sidz membrane 4la. The exposed portion of the SiO2
membrane - 41a is etched to remove the photo-resist
pattern (sée Fig. 13(e)).

/ N . . - -
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35% of the rock wool used in Exanple 36 and 30% of p-aram d fibers at
| east a part of which were fibrillated to 1l [errJmor less in fiber
di anet er (TYARA KY-400S manu- 25 factured by Daicel Ltd.) were m xed and
di spersed in water to prepare a slurry. The resulting slurry was

- 60 - subj ected to wet paper nmaking process by a cylinder paper
machi ne to make a nonwoven fabric of 30 g/nferr] in basis wei ght and
95 [err]mthick for separator of non-aquggus el ectrolyte battery.

The following steps of the manufacturing process
are identical with that of the third embodiment of the
ink jet head and the Si0, 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 between the vibfating plate 5 and the second.
substrate (see Fig. 13(e) to (g)).

Similar fo that of the third embodiment, 'various
.methods can be used .to form A the electrode 46 and
various -kinds of dopants can be used to the dopiog
process: |

According to the embodiment, respective 'vib:ating
plates 5 ‘has respective driving electrodes 48 formed
thereon, so it is possible to obtain a high speed
driving of the oscillation circuit, or a'high printing
speed of the ink jet head of the present invention.

-According to the third embodiment, the highest
driving frequency for forming independently ink drops
was 5 KHz, however in ~ the fourth embodlment, 'the-
highesf driving ffequency is 7 KHz. Also, the lead
wi;es for connecting respective electrodes 46 and the
osoillafion circuit are integfally and simultaneously
formed with the electrodes 46 attaining a compact and -

high speed ink jet head

(Embodiment 5)

Fig. 14 shows a partly-broken exploded perspective
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5 Exanple 40 100% of the alum na fibers used in Exanple 28
were dispersed in water to prepare a slurry, and the slurry was

subj ected to wet paper naking process by a cyl i nder paper machi ne.
However, the resulting nonwoven. 10 fabric was considerably low in strength
because the al um na fibers had no sel f-binding power. Exanpl e
41 ' 100% of p-aramd fibers at |east a part of whi ch
were fibrillated to 1 [err]mor |ess inssiber dianmeter 15 (TYARA KY-.400S

TP ot ot Herrpfe ens' Goe fE€ feda or +n'AFhH TeBdfind e POEPTHE 2
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 ahd has a
characteristic of thin-membrane or film for restricting
the distance of the gap formed between the vibrating
plate 5 and the electréde 21 when the fifst_ substrate 1
and tﬁe second substrate 2 are combined is made of- boro-
silicated glass thin' membrane 49 and formed . on the
bottom face of the first substate 1.

Fig._5 shows the manufactﬁring steps. of the first
substrate according_ to the fifth émbodiment of the
presént inventiop.

First, both the faces of silicon wafer of (160)
face dirébtidn is micronolispeg to manufacture a.
silicon substrate 54 of a thickness 200 ﬁm (see Fig;
15(d)),  and . the silicon substrate 54 is thermally
oxidization—-treated in an oxygen and_'steam atmosphere
at 1IOO°C,_for 4 hours in order to form §io, membranes.
41? arid 41b of thickness 1 um on the.silicon substfate
54 (see Fig. 15(b)). | |

Next, a photo-resist pattern {not "shown)
corresponding to thg shaﬁes of nozzle holes 4, emitting
chambefs 6, etc. is formed on the upper SiO2 membrane
-41a, and the exposed portion of the SiO2 membrane 41la
'is etched by fluoric | acid etching agent in order to:

remove the photo-resist pattern (see Fig. 15(c}).
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slurry was subjected to wet paper naking process by a cyl i nder paper

‘machi ne to make a nonwoven fabric of 30 g/n2 in basis weight and 100
[err]mthick for separator of 20 non-aqueous electrolyte battery.

Exampl e 42 100% of polyethylene fibers at |east a part of
which were fibrillated to 1 [err]mor less in fiber dianeter ( TYARA
KY-420S manuf actured by Daicel Ltd.) @Fre dis- 25 persed in water to
prepare a slurry. The resulting -36- : - 61

- An arisotrophy etching is carried out on the
siliéon by using alkéli 'agent. According to the
arisotrophy etching procéss descfibed in regard to the

" third embodiment, the nozzle holes 4 and the emitting
chamber 6, etc. are formed and then the Sio2 membranes
41a and 42b of anti-etching material are removed by
£fluoric acid etching magnet (see Fig. 15(d)}).

Next, boro-silicated glass thin membrane 49

: funciioning as.a gap spacer ©precisely restricting the
distance between the vibrating plate S and the electrode
21 and as a combinéd Jayer attached by an anode bonding
method is formed on the lower face of the silicon
substrate 54.

First, a phqto—resist pattern 50 corresponding to a
shape of the Gibrating'plate 5._is formed on the bottom
face of "the silicon 'éubstrate 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)), the silicon substrate 54 '
iﬁ;éinfered in organic solvent, is added with ultra;
‘sound vibration in ordér to remove the photo-resist

- pattern 50. Consequently, a bqro-silicated glass thin
membrane 49 of a gap spacer is formed on the portiomns
or places other than that of the vibrating plate 5 as
shown in Fig. 15 (g). | |

The spattering conditions of the boro-silicated

glass this membrane 49 are shown below.
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slurry was subjected to wet paper making process by a cyl i nder paper
machi ne to make a nonwoven fabric of 30 g/merr] in basis weight and
100 [err]mthick for separ at or of non-aqueous el ectrol yte battery.

5 Exanpl e 43 70% of the alum na fibers used in Exanple 28
and 30% of core-sheath conposite fibers conprising pol ypr opyl ene and
et hyl ene-vi nyl al cohol copol yner (NBF-E manuf act ured by Dai wa Spi nni ng
Co., Ltd.; 2 d X5 mmin 10 fiber lengthj-as non-fibrillated organic

fibers were CosEime docdfpded €1 o OmpAGPAHEIL0 Sglasy. iEheusedulds ng
slurry was subjected to wet paper nmakiing process by a cyl i nder paper
machi ne to nmespatterdmngveardab;i @ dpadfxering atmosphére is 80% Ar -

| 20% 0, | pressure 5m ?orr, and RF power 6W/cm2 is
impressed. Thus, 0.5 um.thickness glass thin membrane
49 is obtained.

'The second substrate 2 and the third substrate 3.
shown in Fig. 14 and used to aésemble the ink jet head
of the present invention are manufactured by the method
_of the third embodiment. The first 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 thé
electrode -21 formed on the substrate 2 are matched' in
their positions and they are abutted. Combined
substrates 1 and 2 are heatéd.tqfapooc on a hot plate, a
DC voltagée 50V is impressed to them fqr 10 minutés with
the first sﬁbstrate being plus charged and the second
substrate being minuélcharged.

The ink jet héad manufactured according to the
fiftl’; embodiment of the present invent_ion'is tested in
re.al—printing function and a good result of printing
similar to that of the third embodiment is obtained.

According to the fifth embodiment, in order to form
the ga;; 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 glass thin

T UL
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g/nferr] in basis weight and 110 [err]mthick for separator of 15 :
non-aqueous el ectrolyte battery. Exanpl e 44 _ 70% of
the mcro-glass fibers used in Exanple 3 (#108A manuf actured by
Shul l er Co., Ltd.) and 30% of p-aramd fibers at |east a part of which
were fibrillated 20 to 1 [err]mor less in fiber diameter (TYARA KY-400S
manu- factured by Daicel Ltd.) were dispersed in water to pr epare
a slurry. The resultlng slurry was subggcted to wet paper making

Dot ors) Y RebiE P e RBCLL e ferr]mth. G UMY Sl bbd o Of 30

asi’s weight an for separator of
non-aqueous ifs8ddP! Vb8 BHe bottoh€Fhce of the first substrate 1

obtaining the same efféct,

The boro-silicated glass fhin membrane is formed by
the .method of the 'fifth embodiment on the second
substrate 2. ' In an anode bonding of the first
substfate and second substrate, a DC voltage 50V is
impressed to them with the first substrate being charged -

.plus electricity and the seccnd.substrate being charged
minus electricity at a éemperature 300°%¢C obtaining the
ink jet head of a quality and a performance identical
with that of the fifth embodiment:

| According to the fifth embodiment, it is possible
to bond the first substrate and the second substrate at
300°¢ obtaininé the effects mentioped below.

"It is possible to use not only p-type or n-type
impurities of the third embod;ment but also, for’
example, a metal membrane or film of Au or Al, _ etc.
having a ﬁelting point of several hundreds or 100°C for'
th@ electrode formed on the second substrate. When
such metal film is used, it is possible to decrease
éle¢tric‘ resistance value of the electrode 'impréving

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 Jjet head
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; 62 - : Exanmpl e 45 50% of the alum na fibers used fn
Exampl e 28, 20% of the mcro-glass fibers used in Exanple 3 and 30%
of p-aramd fibers at |east a part of which were fibril- 5-lated to 1
ferrlmor less in fiber dianmeter were. m xed and di spersed in water to
prepare a slurry. The resulting slurry was subjected to wet paper
maki ng process by a cyl i nder paper machine to nmake a nonwoven fabric
of 30 g/merr] in basis weight and35 [err]mthick for separator of
according to the sixth embodiment of the present
invention. The second - substrate and the third
substrate having electrodes formed thereon of the ink
jet head of the sixth embodiment have the structures
identical with that of éhe third embodiment.

The first substrate 1 of the sixth embodiment is
made of the silicon substrate 57 having a p-type silicon
substfate 55 and a n~type Si layer 56 epitaxially

. grown on the bottom face. of the p-type silicon
substrate §5. In detail, a part of the p-type silicon
substrate 55 is selectively etched through an electric-
chemical 'alkalﬁ arisotrbphy etching process {be
gxpléined . later) in order -to remove the  part
obtaining a -vibrating plétels of a precised thickness.

The manufacturing steps oﬁﬁt;e first substrate of
the sixth embodiment is shown in Fig. 17.

First, both the faces of a silicon wafer of p-
type (100) face direction afe mirrqr—polished in order
to manufacture a silicon substrate 55 of a fhiékness'
i%? um, and n-type Si layér 56 of a thickngss 30 um is
eﬁitaxially grown on a - bottom face of the silicon
substrate 55 obpaining a silicoﬁ substrate 57 (see Fig.
17(a)). For example, boron is .doped into the silicqn
substrate 55 and its density is 4 x 10%% cm 3. a1 is
doped into the n-type Si layer 56 and its demsity is 5 x
101% cn™3. The epitaxial growth process above can form

a Si layer 56--having a uniform thickness. . It is

- Thix is the replacement sheet -
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10 non-aqueous el ectrolyte battery. Exanpl e 46 50% of
the alumna fibers used in Exanple 28, 20% of m cro-glass fibers
having an average fiber diame- ter of 4 [err]mand conprising 99. 8% of
silicon dioxide 15 (Q FIBER 112Q manufactured by Schuller Co., Ltd.) and
30% of polyethylene fibers at |least a part of which were

fibrillated to 1 [err]mor less in fiber diameter (TYARA KY-420S

manuf actured by Daicel Ltd.) were m xed%and di spersed in water to

prepare a spossiblEetoesudriirgl 2heshiickness subilecaddowangs faPel
maki ng process by a cylinder paper machine to nmake a nonwoven fabric
of 30 gmrjcef rits ntaeges o&i IRhtumnd 95 [err]mthick for separator of
non- aqueous el ectrol yte battery. '
. Next, the silicon substrate 57 is brought under
heat-oxidizat1on-treatment in an oxygen-steam atmosphere
at liOOOC, for 4 hours and Si0, membranes 41a énq 41b
of thickness 1 um aré forﬁed on both' the faces of the
silicon substrate ST-ksee Fig. 17(b)).
A photo-resist pattern (not shown) corresponding to
.the shapes of nozzle hdles 4, emitting éhambers 6, and
" etc. is formed on the upper SiO2 membrane 41l1la, a photo-
resist pattern (not shgwn) corresponding to an
electrically-led opening portion 58 is formed on the
;owe; SiO2 membrage 41b, then -the éxposed portioﬁs Qf
the Si0, membranés 41a and 41b are etched by fluoric
acid etching égent'in order towrgmove the photo-resist
pattern (see Fig. 17(c) ). |
U51ng the apparatus shown in Flg 18, the electric-
'chemlcal arlsotrophy etching steps are carried out. As
shown - in Flg. 18, a DC voltage of 0.6V is impressed when
n-Eype-Si layer 56 is charged plus and platinum plate
80.is charged minus, the silicon_substrate 57 is sunk in
KOH solution (TOOC) containing isopropyl alcohol
carrying out an _etching step. When -the exposed
portioﬁs of p-type silicon substrate 55 (the portions a
Sioz.membrane 41a fails to cover) are completely etched

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

plus DC voltage preventing the etching process from
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Exanpl e 47 25 50% of the alum na fibers used in Exanple 28,
20% of the micro-glass fibers used in Exanple 4 and 30%

63 - of polyethylene fibers at |east a part of which were
fibrillated to 1 [err]mor less in fiber dianeter (TYARA KY- 420S
manuf actured by Daicel Ltd.) were dispersed in water to prepare a

slurry. The resulting slurry was 5 subjected to wet paper naking process
by a cylinder paper : -41- '

proceeding. At this time, the etching is finished and
the silicon substrate of.é condition shown in Fig. 17(d)
is obtained.

In the next stage, a photo-resist (nqt shown) of
a shape correspondiﬁg to the vibrating plate 5- is
formed " on the lower SiO2 membrane 41b, an exposed
portion of the s:‘.O_2 membrane 41b is etched by fluoric.
acid etching agent and the photo-resist is removed.
.Simultaneously, all ﬁateriai of the SiO2 membrane 41la
remained on the surfaée 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 plafes. of one hundred (100) ink jet. head
manufacturing'by the steps of the sixth embod;ment are
distributed in a range of 30.0 + 0.2um and it is the
.thicknesé precision of n-type Si layer 56 formed by the
epitaxial procéss.' When the ink jet head of the sixth-
edediment is driven with 100V, 5 KHz, the emitting
sp;eds of ink drops are ‘distributed in a range of 8 +
0.2un/sec. and the ink drop volumes are in a range of

(0.1 + 0.005) x 10~ %cc, 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

i



machine to make a nonwoven fabric of 30 g/nferr] in basis wei ght and
95 [err]mthick for separator of non-aqueous el ectrolyte battery. This
nonwoven fabric had an Rpy .of 950 nV and an SRa of 5.7 ferr]m 10
Exanpl e 48 50% of the.alum nasilica fibers used in Exam

ple 32, 30% of mcro-glass fibers having an average fi ber di amet er of
1 [err]n1and conprising E gl ass (E-FIBER 108E manuf act ured by Schul | er
Co., Ltd.) and 20% of 15 polypropylene-ﬁzbers at |east a part of which

were fi- tobkihld &efbrith led¥d i8¢ &ESEhbNplebehtdiiarRinlidnl YARe
KY-430S manuf actured by Daicel Ltd.) were dispersed in water to
prepare a sl geepndineubsdiatteNgadliur kiiewathird 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 ekp;anations for them are omitted-
from the specification.
The first substrate 1 of the seventh embodiment is
.obtalned by treating a SlllCOn substrate 63 fcrmed by an
epitaxially . growing of n—type Si lavyer 62 on the
" bottom face of the p-type silicon substrate * 61. A
crystal face ditection of p-type silicon  substrate 61
is (110).- According to the silicon substrate of (110)
' face direction, as well known the (111) face
perpendicuiérl? 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 perpendicularly to the substrate face.
fhe seventh embodiment uses the fact above, and-
pifch distances, when a number of ink jet" structural
ﬁnits consisting of nozzles and emitting chambers, etc.
are employed, are narrowed realizing a high density
arrangement of the qozzles.
' 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
. ______________ﬁ____ _
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subjected to wet paper making process by a cylinder paper 20 machine to

make a nonwoven fabric of 25 g/nferr] in basis wei ght and 80 [err]m
thick for separator of non-aqueous el ectrolyte battery. This nonwoven
fabric had an Rpy of 950 nV and an SRa of 5.7 [err]m

The conponents of the mcro-glass fibers used 25 in this Exanple were as
fol | ows: <Conponents of tfe mcro-glass fibers>

Sigerr] 54. 4% - 64

Fig. 20 (e) to ({(g) correepond.to the D~D 1line sections
of Fig. 19. -
First, both the faces of. the silicon wafer of p-
type (110) face direction are nmirror-polished to form a
silicon substrate 61 of a thickness 170 um, n-type Si
layer 62 of 3 um is formed on fhe bottom face of the.
silicon substrate 61 by an epitaxial grown step, and
the silicon subetrate 63 is obtained (see Fig. 20{(a)).
. For exampie, the silicon substrate 61 is doped with B
(boron) and its -demsity is 4 x 10%n~3, and the n-
type.Si layer 62 is doped with A and its density is
5 x 10** on3. 1In the epitaxial grown step, it is.
possible to control the target thickness 3 -um within
the allowenoe}i 0.65ym. 1
Next,L the silicon eubstga;e 63 is ethermally
oxidized-treated at 1100°C in an oxygen and steam
atmosphere -in order to form sio, membranes 41la end 41b
of the thickness 1 um on both the faces of the silicon
substrate 63 (see Fig. 20(b)).

( A'photo-resisf pattern (not shown) corresponding to
the shapes of cavities and ink cavity, etc. is.formed‘
on the upper SiO2 memorane 41ah_a photo-resist pattern
{not shown) correspond:ng to an electrlcally leading
openlng portion 64 is formed on the lower 3102 membrane

'41b, and the exposed portions of the SiO2 membranes 41la
‘and 41b° are etched by fluoric acid etching_ agent to

remove the photo-resist pattern (see Fig. 20(c)).
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CaO 17. 4% Alferr]Jerr]

14. 1% . Blerr]Jerr] 8. 0%
MyO 4.7% 5. Tierr]

0.5% Na[err] O 0.4%
Fe[err](err] 0O .3% Exanpl e 49

70% of the mcro-glass fibers used m—ﬂEkarrpIe 10 3 and 30% of p-aramd

fibers at |east oaparbrof vhdi Chsize ¥R e thHrighotiRddidt [ ephkierhs! ess
in fiber dianeter (TYARA KY-400S manufactured by Daicel Ltd.) were

di s- perceresponding tte ptipashapes! ofr thelhemiesithyi nthamber sleyrry
was subjected to wet paper maki ng process by a
its width is 50 -um, a distance from the nelghborlng
pattern is 20.7 um, that is 70.7 um of a pitch
distance, ink dfop 'density per an inch is 360
dpi {(dot per inch_) . . ‘

Next, the eiectric-chemical arisotrophy etching
mentioned above is apﬁlied to fhe silicon substrate 63

. thfough the method identical with that of the 'sixth

embodi.me'nt and the etching is done until .the p—-type
sil_icén substrate 61 is broken through (see Fig.
20(d)). The dents formed in the step shown in Fig..
20(d) comnsist of perpendicular walls relative to the
surfaces of the silicon substrate 63.

The e.lectrig—ghemical _aris__ot_,rophy etching process
forms a plzmto.-r_esist pattern (not shown) corresponding
to the nozzles 4 and the orifices 7 on the SiO2 membrane
4la which is a litfle thinned, a photo¥resist membrane
(ﬁot shown) covers .all the lower Si0, membrane 41b,
ficzori'c acid etching agent etches the eqused portion of
the SiO2 membrane 41l1la, and the photo-resist pattern_is
reméved (see Fig. 20(e)). |

Next, identical with the steps shown in Fig. 20(d),
an electric—-chemical etching‘ process etches the
substrate until the nozzles 4 and the orifices 7 of
thickness 30 um are forméd (see Fig. 20(f)).

Last, the whole silicon substrate is sunk in

flﬁopic acid etching agent to remove Si02 membranes .41a
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15 cylinder paper machine to nmake a nonwoven fabric of 30 g/merr] in

basi s wei ght and 100 [err]mthick for separator of non- agueous

el ectrolyte battery. - Exanple 50 80% of the al um na
fibers used in Exanple 28 20 and 20% of p-aram d fibers at |east a part

of which were fibrillated to 1 [err]mor less in fiber dianeter (TYARA
KY-400S manuf actured by Daicel Ltd.) were_dispersed in water to
prepare a slurry. The resulting slurry 043 - subjected to wet paper

maki ng proceanddys B C¥hni NsiedePaRer op¥faidBeheNE ilrg tTBdebatpagwoven(salric
of 30 g/nferr] in basis wei ght and 95 [err]mthick for separator of

non- aqueous Fig. 20(g)). The width of the emitting chamber formed
on the resulting first substrate becomes 55 um which ‘is

a little enlarged by underCﬁtting during the etching

 stepl The pitch distance is 70.7 um, so it is said the

first substrate obtained has the .ideal measurements.

The most suitable value of the width of the cavity is

defermined due to ink emitting characteristic.
.Considering the undercutting, the size ' of the photo-—-

resist _ paftern is determined to obtain the ideally-

shaped cavity.

(Embodiment 8)

Fig. 21 is a partly—brokep persﬁective vieﬁ of the
first substrate of the ink jet_ head 'éccording to the.
eighfh emﬁodiment of the present invention. The
vibrating plate 5 in the ink jet head of the eight
embodiment "of_ the present invention is a boron doped
la'y'er -66 of a density and has a thickness identical.
wiEh that pf the necessay vibrating plate. It is known
that the étching rate of alkali used Si etching step
bedomes lvery "small in the range of a high denéity
(about 5 =x 1019 .;m'3 and more) when the dbbant is
boron. ' | |

According to the eighth embodiment using the facts
above, the vibratiné plafe forming range is supposed

that a high density boron doped layer. When an alkali
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. 65 - el ectrolyte battery. Exanpl e 51 50% of the
alunmina fibers used in Exanpl e 28 and 50% of the mcro-glass fibers
used in Exanple 4 were 5 dispersed in water to prepare a slurry. The
kesulting slurry was subjected to wet paper naking process by a
cylinder paper machine, but the resulting nonwoven fabric was
considerably lowin strength because the al um na fibers and the

m cro-gl ass fibers had no sel f-binding

arisotrophy etching forms the'emitting chamber 6 and the
ink cavity 8, so—calledletéhing'stop technique in which
thé etching rate greatly lessens at the time the boron
doped layer GG.ié exposed forms of the vibrating-plate 5
and emitting chaﬁbers 6 of the necessary shépes. -

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

First, the faces of a éilicon wafer of n-type
(110) face direction are mirror-polished in order +to
form a silicon substrate 65 of a thickness 200 um.. The
siliéon substrate. 65 is brought under a thermal-
qxidizatiop_treétﬁent of 1100°% for 4 hours in an oxygen
and steam atmosphere so as to form _S'J'.Oz membranes 4i_a.
and 41b of thickness 1 um dnkﬂhpth the faces -of the
silicon substrafe 65 (see Fig. 22(a)).

Next, a - photo-resist pattern (not  shown)
"corresponding to thé sﬁépes of the vwvibrating blafe'
(boron . doped ;ayer) 66, ink cavity 8, electrode lééds

(q?t.shoﬁn) is formed on the lower SiO membrane 41b,
thé exposed portion - (part correspondlng to the
vibrating plate, ink :qavity,' leads) of the SiO2
membrane 41b is e;ched by fluoric acid etching agent,
and the photo?resist pattern is removed (see Fig. 22
(b)}-

The exposed Si portion of the silicon substrate 65

Sheet Has Been R laced ' This is the replacement sheet
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10 power. - 66 - [err] - 67 [err]

-47 -
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 § x 1020 cm—3
and of a doped layer thickness 10 um is formed (see
Fig. 22(c). In order to attain sucﬁ high denéity of
boron and high thickness of doped layer, it is
preférable éo employ a spin-coating process of 8203
agent and a diffusion process using'BN plate of wvarious
.methods described in the third embodiment above. It is
poésible to employ aﬁyone. fo attain. such doped 'layer
abo%e. | |
Next; a  photo-resist pattern (not. shown)
cprrespopdiﬁg to thg shapes of emitting chambers 6,
ink cavityle, and etchiﬁg end detection ﬁattern 7; is
formed on  the upper SiO2 ' mempnane 41a, the éxposed
portions of the SiO.2 membrane 41a are.etched by ‘fluoric
" acid etching agent, and -the. photo-resist pattern is
 removed (see Fig. 22 (d)). The photo-resist pattérn'
corfesponding to the emitting chamber 6 has a width 50
um(and-apart-diStance ffom the neighboring pattern 20.7
um, which are identical with that of the seventh
embodiment .

The silicon substrate 65 is brougﬁt under an alkali
arisotrophy etching 'treatment. Etching agent of KOH
solution (density: 20 weight %, temperafure; 80 oC) wWas
“used. As described above, the etching rates of silicon

alkali etching depend on as shown in Fig. 23 the boron
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- 68 - Eval uati on: ' The nonwoven fabrics for separator
of non- agueous el ectrolyte batteries of Exanples 28-39 and 45- 50
were superior in battery processability such as 5 rollability with

el ectrodes, and non-aqueous el ectrolyte batteries superior in battery
characteristics and battery storage characteristics could be nmade.

Si nce the nonwoven fabrics contained inorganic fibers, they were
excel l ent in heat resistance and did nd8-shrink or burn 10 owing to

mel ting of tdindiRRers Ryen wegR-BaAldLTY-tPPPCEa1icon dubFLeEs dUenko
external short-circuit. Thus, ignition.
etching process proceeds at an etching rate of about
1.5 um/min, however in the bofon high density range the
etching rate lowers to about 0.01 um/min.

Because the thickness (designed value) of- the
vibrating plate 5 is 10 um, it is sufficient to etch.
and remove only 190 um of the total = thickness 200 um
of the silicon substrate 65 in order to form the
emitting chambers 6 and-the ink:cavity 8. In practice,
it is difficult to make the thickness of the vibrating
plates 5 uniforﬁ since the thickness valués of ‘the
silicon substrates 65 distribute in some;range'(i 1 to 2
um) . | | -

'According to the eighth embodiment, the process
mentioned belo& can form the thickness to'the vibrating
plates correctly.

It is-necessary.to.etch the silicon subétrate for
about 126 minutes 40 seconds calculated in order to
etch &dnd remove 190 um of a thickness of the silicon.
sqpstrate. In order to etdh a thickgess 10 um, an
etching step for about -6 min 40 sec. is necessary.
Consequently, in -order to etch and remove 200 um
thickness,.a'total time of 133 min 20 sec. is needed.

On thé. 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. Aftef a

'Start of the etching process and about 126 min. 40 sec.
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of batteries could be inhibited. Furthernore, since the ~ nhonwoven
fabrics contained organic fibers at |east a part of which were .
fibrillated to 1 [err]mor less in fiber 15 diameter, there were no pin
fiol es whi ch cause i nternal short-circuit. The nonwoven fabric of
Exanpl e 46 con- tained glass fibers having a |large fiber dianeter and,
“therefore, the thickness was sonewhat uggeven and battery .

processabl | iy 8adoBaklerdnsher AT L' 68 VAL Rl 0Bl | pLeTRL.

On the ot her han nonwoven c for [ a

electrol yt e RAAHPLS cREmBEEMARS the 4Pal@S &P”E%?x‘ipg Eﬁbéng%%?ﬂ he

fi bers having no sel f-binding power and, therefo ( .
25 nonwoven rlealdiHes Wabout' Y allaWsko GaUSSuRESAEA0SE althde boroh! "BoPbd

fabrication of batteries. Thus, battery -

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 the etching face or front does
not reach the boron doped layer 66, it proceeds at an

'.etching rate of similérly 1;5 um/min. When the etching .
f;ont reaches the boron doped layer 66, 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 havigg a boron,doped iayer of thickness 10 um. On
the gontraby, " on the etching di,detection pattern 71,
similarly‘the etching step.advances at an etching rate
of about 1.5 um/min. At last after the etching for a
total time of about 133 min 20 sec, a through hole 72
is forméd. .

( " As - described above, the etching time necessary to
make tbe through hole is distributéd owing to vafious
thicknesses of the silicon Jsubstrate 656, so it 'is
necéssary. to detect when the through hole 12 is
completed at the time of .about 133 min being elapsed

| after the etcﬁing starts through various means (fqr'
example, seeing obsefvation of the operator, applying a

laser beam on the etching end detection pattern from a

. This is the replacement Shee't:
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rocessability was inferior and non-aqueous el ectrolyte batteries could

not be stably produced. - 69 -

The nonwoven fabric for separator of - non- aqueous el ectrol yte batteries
of Exanple 41 was conposed of only p-aram d fibers at |east a part of

whi ch were fibrillated to 1 [err]mor less in fiber dianeter and,. 5

therefore, there were no pin holes andsbhe fabric was superior in heat
resi stance, but very low in mechanical strength. Thus, the nonwoven

fabric was rsbde| pfbridienpattern and receiving the laser beam by a
light réceiving elément placed on another side of the
pattern when the through'hole is completed) (see Fig.
22(e)).

Next, similar to that of the third embodiment, a
pattern machining for restricting the distances between
electrodes formed cnz'tﬁe second substrates is carried
out so as to obtain the first subétrate 1..

Notwithstanding that the'silicon.substrate 65 ‘has
various thickneéses portion by  portion of the substrate
(+ 1 to 2 um), the wvibrating plate 5§ formed by tﬁe
process. about has a precision of 10 + 0.1 um. Such
error or allowance of + 0.1 um seems that it depends on
distribution of the boron doping depth, and does not
depend oﬂ' thgi.distribution gf, the alkali etching
results. - | |

According to the eighth embodiment of the ink jet
head, the precision of the thickness of boron doped
layer - 'determinés the thickness' precision of the-
Vi%rating plate. In order to obtain the cofrect
thickness' precision in  the range of about 10_gﬁm
thickness, it is the moét pfeferable method to use BBr3

of the _diffusion source. However, if the treatment

.cbndition is made to the most suitable one, other-

méthods can be used fo attain the doped thickness

precision corresponding to that obtained by thé method

of BBr diffusion source.
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and inferior in battery processability, and the resulting non- aqueous
electrolyte batteries were somewhat inferior 10 in battery characteristics
and the batteries resulted in internal short-circui.t and sonetines
Lgnition occurred. Si nce the nonwoven fabric for separator of

non- aqueous el ectrolyte batteries of Exanple 42 was-conposed of only
pol yet hyl ene fibers at |east a part.of which were fibril- 15 lated to 1
[err]mor less in fiber dianeter, there Sere no pi n hol es, -but the

fabric was | ow i mdestaifg! Stba”ﬁ?e aBdghth VéBod QA Séiﬁﬂgttaney&%rl?f ore,

t he nonwoven fabric was readi |y broken and the resulting non-aqueous
el ectrol yt e with béhéebioron it itfg NStéH e caenWnE N fiddt tnd epYhte] ithe 20

i nternal short-circuit and sonetines ignition occurred.

Since the nadwwien fsbdbaef ao 3eRArAiads Ofcontinuous to the vibrating
plate. Because that the driving electrodes having the
stfuctqre identical-hitﬁ_the vibrating plate of - the
fourth embodime@t and correspénding to each - vibrating
plate.of ﬁigﬁ density boroﬁ_doped portions are formed,
it .is possible also to attain an improvement of. the

. driving frequenéy. . |
In addition,-accordiﬁg to the eighth.embodiment; n-
type substrate.-is used fpf the silicon substrate,
_however if p-type substréte is used for the silicon one,
it 1is possible to form the boron ‘doped vibrating
plates. |
| The substrates anode-junction methods of - the
hresent inventiqn Qiil be éxplainéd 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 bresent
.inven'tion. It shows a section of a bonding apparatus
used to the method and of the substrates while they are
bondiﬁg. Fig. 25 is a plén view of the bonding
apparatus. |

The ninth embodiment shown relates to an anode

bonding method for bonding or the first
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non- aqueous el ectrol yte batteries of Exanple 43 contai ned 70% of

alum na fibers, it was superior in heat resis-. tance, but since it did
‘-not contain organic fibers at ~ 25 |east a part of which were fibrillated
jo 1 [err]mor |ess in fiber diameter, there were pin holes and the
non- aqueous el ectrol yte batteries nmade using the nonwoven fabrics were
sonmewhat inferior in battery characteristics

- 70 - and battery storage charaggteristics. Furthernore, the

batteries rggyhted idLHdA0al thﬁ&'EhécgieEo%@d P silicated glass
substrate 2. |

The bonding apparatus of the ninth embodiment
consists of an anode bonding electrode plate ill to be
connected to a plus side of a power source 113, an
cathode .bonding electrode plate 112, and a terﬁinal
plate 115 protruding from the anode bonding electrode
plate 111 through a spring 114. Gold 'plating is
.applied on the surfaces of the anode bonding electrode
plate 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
subs&rate 2} and the silicon sugstrate 1. The termingl

' plat.e. 115'_is'conne¢ted to the anode bonding _electrodé
plate 111 b} mens of the spring 114 and the spring keeﬁs
thé terminal plate 115 in its suitable contact pressure
with the electrode 21. Tﬁe terminal plate 115 comes to-
ccftact with the terminal portion 23 of the electrode
‘21,

The silicon substrate 1 and the boro—silicaﬁed
glass substrate 2' are aligned and - in detail the
vibratihg plate 5 and the electrode 21, respectively

,fdrmed thereon are aligned by an aligner device (not
shown) after they are washed and then they are set as

shown in Fig. 24 and Fig. 25. The electrode 21, and
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times ignition occurred. Since the nonwoven fabrics for
separ at or of 5 non-aqueous el ectrolyte batteries of Exanples 44, 45 and

49 contained mcro-glass fibers, they were superior in Heat resi stance.
However, since the mcro-glass fibers cont ai ned sodi um oxi de,

non- aqueous el ectrolyte batteries made using the nonwoven fabrics were
sonmewhat inferior in 10 battery-storagg characteristics. _

Si nce the nonwoven fabric for separator of non- aqueous el ectrol yte
batteries oftPExdAEtEAdgBlates dddoant 0t12l BRPNRIGARY s1BNBiFEEeYyl ass
fibers havin no_sel f-bindin ower, it wa ry lowin strength and

15 troubl es 95Fc P HCHRRERR g2 0 gﬁgbggﬂr?ﬁﬁvﬁ?gtﬁgetﬁﬁf ces °$f ™ation

g;dgatterie§rdﬂm5§idangfgag§&§.elecprolyte _ batteri es cannot be stably

During the anode bonding method, first both the
substrates- 1 and 2 are heated. In order to prevent tﬁe
boro-silicated glass ' substrate 2 from breakiné due to
'sudden rise of temperature, . it is necessary to heat it
gradually to 300 °C for about 20 min. Next, the.power
- source 113 impresses 500V voltage for about 20 min sqxas
tb bond both the suﬁstrates 1 and 2. .During the aﬁode
bonding method, Na ions in the boréésilicated, 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. - Ip' orderf £6 prevent. strain-crack due to

 thermal conductivities of both the substrates 1 and 2
after they are connected, it is necessér? to cooi them
gradually for aﬁout 20 min.

It is possible to prevent discharging and electric
figld dispersion when the terminal plate 115 and the
spring 114 decreases the potential difference between
the electrode 21 and vibrating plate 5 making electric
field disappear. As a resglt, a 1arge.current does not
fiow bétween the electrode ;1 aﬁd the vibrating plate-s
preventing the'eiéctrode 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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Exanpl e 52 ' 85% of the mcro-glass fibers used in Exanple 20
48 (E-FI BER, 108E manufactured by Schuller Co., Ltd.) and 15% of NBF-H
(manuf actured by Daiwa Spinning Co., Ltd. 0.7 d X5 mnin fiber
kength) as a fibrous binder were .-dispersed in water to prepare a
slurry. The resulting " slurry was subjected to wet paper nmaking process
by a 25 cylinder paper machine to nak% a nonwoven fabric of 15

g/merr] in basis weight and 50 [err]m #Rick for separ at or" of .

non- aqueous eémainbhyt stiratsiserys generated in the vibrating plate 5

"after the plate 5 is secured through its circumference.
The  dielectric  membrane 24 is charged when
transformation. of electric 'Charge from the vibrating
plate 5. 1In electric¢c field, the. dielectric membrane 24
receives static electricity attractive force along ‘a
direction of the vibrating plate 5 and peeled off. When
the electrode 21 and the' vibrating plate 5 are. made
- .equal in their potential, it. is possible tn prevent the

dielectric membrane 24 from being peeled off.

(Embodiment 10)

-Fig. 26 is an outline view of another emboniment of
the anode. bonding method aécording to the present
invention and a section of both_the substrates in their
.bonding procedure and a bonding apparatus used "to - the
anode bonding apparatus.. Fig.27 is a plan view of the
bonding- apparatus. |

According to the fenfh embodiment of the ink jet
he?d of the present 1nvent10n, terminal 116 respectlvely'

conszstlng of coil springs are used and the terminal

plates contact with respectlve electrodes 21. Other .
structure of the embodiment than that above is
identical with = that - shown in Fig. 24.

The terminals 116-are_made of SUS which. is durable
‘to high temperature. Ordinarily, a material SUS is not

preferable to be used as terminal material because it

This i - -
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- 71 - Exanpl e 53 A nonwoven fabric for separator of
non- agueous electrolyte battery was obtained in the same manner as in
Exanpl e 52, except that amount of the mcro-glass fibers 5 was 70% and
t1hat of the fibrous binder was 30% - Exampl e 54 A

nonwoven fabric for separator of non-aqueous el ectrolyte battery was

obtained in the sane manner as in - _Exanpl e 52, except that anmount of

t he mcro gl ass fibers - 10 was 50% and t hat of the fibrous binder was 50%
has resistance on the surface having oxidized films.
However, in the anode bonding, it 1is purpose of
applying high voltage and 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 coii 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 worn terminal.

(Embodiment 11)

"Fig. 28 shows a plan view of the anode bonding
apparatus accordlng ‘to0 another embodlment of the present
;nventlon._Flg 29 is a plan view show1ng an arrangement
relatioa of the electrode on tge,second substrate and
the common electrodei : Iﬁ Fig. 29, the dielectric
membrane is omitted.

According to the eleventh embodiment, a photo-
lithography uses a batch treatment system in order to
form simultaneocusly a plurality of:electrodes 21 for a
pleral sets (in the ‘embodiment, it is two) of ink jet

. heads and respectively electrode 21 for the plural sete
on a single boro-ailicated glass 'substrate .2A. The
common‘electrode 120 has lead portions 121a and 121b 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

This is the replacement sheet
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Exanmpl e 55 A nonwoven fabric for separator of non-aqueous
electrolyte battery was obtained in the sane manner as in Exanpl e 52,
except that anount of the mcro-glass fibers 15 was 15% and that of the

fi brous binder was 85% : Exanpl e 56 : 70% of m cro-gl ass
fibers having an average fiber dianeter of 1.0 [err] mand 30% of NBF-H
.(manuf act ur ed by Daiwa Spinning Cg,, Ltd.; 0.7 d X5 mmin fiber 20

| ength) as a fibrous binder were dlspersed in water to prepare a
slurry. Theboxsrgilnicatad r gleass ssbpstredet 022 haget apapdnradiityy pfocess
by-a cylinder paper nmachine to make a nonwoven fabric of 15 g/nmferr] in

basi s wei ghtsetrl 50f el¢mgnrisn tnozrR1LGr eep’etmwcgﬁma@w-,aqmbaetmg
el ectrol yte bat -
plate, orlflce, ink cavity) having the structures shown

in Fig. 24 and Fig. 26, respective sets being placed
at the corresponding bositions. Then, in the joining
step, a sipgle terminal 116 comnsisting of a coil spring
shown in -Fig. 28 comes to contact with +the common
electrode 120 in order to lead it to the anode-side
- joining electrode plate 111. _ -

Conseqdently, 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 diesipg
(phonetlc) per each ink jet_. 'bead and the common
electrodes 120 are cut off from the electrodes- 21 of
respective sets through the' connecting ends of lead

portions 121a and 121b.

(prodiment 12)
- Fig. 30 is a sectlon of an anode bonding apparatus
according to other embodlment of the present invention.
According to_ the twelfth embodiment, three
,sﬁbstrates 1, 2 and 3 are simultaneously anodesbondihg
to each other._ The first substrate 1 is_a silicon one,
and the second and third substrate 2 and 3 are boro-

silicated ones. The third . substrate 3 function merely

i cr



25 tery. - 72 -

Conmponents of the mcro-glass fibers used in this Exanple were shown

bel ow. They did not contain Na[err] QO ' <Conponent s of

the mcro-glass-fibers> 5 . Serr] 54.4 0.5
Alferr](err] 14.9 0.4 CaO

16.6 0.3 MO ' 57 4.6 . 0.3

as a 1id of noz_.zle'holes. 4, emitting chamber 6, orifice
7, ink cavity 8. It is enough to make the third
snnstrate 3 of a material of less jcining pfecision than
that of box"o—sil_icated' g_l-assl substrate, so that soda
glass joining is sufficient. When the third substrate,
howeves, is ~ made of boro-silicated glass, it is
poss:.ble to 1mprove its reliability.

And, in accordance with the twelfth embodlment of
. the ink Jet head of -the presentj invention, upper and
lower Jjoining electrode plates 111 and 112 to be
contacted with-the second and third boro-silicated glass
substrates 2 and'3 are connected to a minus side cf_the
_power scurce 113;.the first silicon substrate 1 and'fhe
electrode 21 cn the bo‘rc-—sildcat'ed glass substrate 2 are
connected to a plus or. pos:.t:.ve of the power source
113, and  they are s:.multaneously anode bond:.ng -As a
r_esul-t, according to _the s1multaneous ancde bonding_
process, it is pcssible to'neduce the time used to .heat .
and gradual cool the substrates 1, 2 and 3 sncftening.
rergely tne_bcnding time of them. Additionally, as
described in regard to the ninth embodinient and
eleventh embodiment above, it is possible to protect
the _surface on the silicon substrate 1 from beJ;.ng
poluted by direct contact with the upper bonding

electrode plate 111.

| Sheet Has Been Replaced nig is th: lacement sheet
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B205 8.5 0.3 10 Fe[err]Jerr]

<0.5 Exanpl e 57 85% of the mcro-glass fibers having
an aver - age fiber dianmeter of 0.5 [err]mand having the sane conpo-
sition as used in Exanple 48 (E-FIBER, 104E manufactured 15 by Schuller
Co., Ltd.) and 15% of NBF-H (nanufactqged by Dai wa Spi nning Co., Ltd.;
0.7 d x 5 mMin fiber |ength) as g’fibrous bi nder were dispersed in
water to prepareia the SkhHik¥eehlt8 r&fbb8imgnt! Uahy WASubdbpathedthe wet
paper maki ng process by a cylinder paper nmachine to nmake a. 20

nonwoven f akmbodime?(: g/ pelaw, | nsbheacsuresght predetd iy r |dust ftbmck for
separ ator of non-aqueous el ectrolyte battery.
invading .into 'the gap . portion formed as described
above.. Here, a static electricity actuator is
examplified, however it is ﬁossible to ﬁse 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 embodiment of the present
invention. Fig; 32 is its plan'view;

As apparent from the previous embodiments, the
first substrate 1 and the secoﬁd substrate 2 are
directly Si bonding or anode bonding with the
predetermined gap iength. Becaqse a tempe;ature when
the - anode bonding or bonding p;odess is done is high,
air in théhgap'portion 16 expands. When.air temperature
iowers to .the room temperatu;e. afterl the connection,
the pressure in the gap portion 16 loﬁers than the
.-_atmosphere,' so the vibrating plate 5 bends toward the_
elfctrode 21 becoming into contact with.the electrode-21'
and - being shorf—circuited, or more' disadvanfageously
unnecessary stress being given to the wibrating plate's.
When the gap portion 16 is open to the atmosphere in
order to prevent éuch'disadvantageoué effects and kept
at such open condition, static eléctrici_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 wvibrating

This is the replacement shéet
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Thi s nonwoven fabric was subjected to a hot cal ender treatnment at 140 -

C to adjust the thickness to 40 [err]m - Exanple 58 25 A
slurry having the sane conponents as in Exanpl e 57 was .prepared and
subj ected to wet paper nmking . _ ' - 73 -
process by a cylinder paper machine to make a nonwoven fabric of 20
g/mMerr] in basis weight and 70 [err]q&}hick for separ at or of
non- aqueous el ectrolyte battery. This~”?~

plate 5.

In order to solvé such problem above, the gap
portion' 16_ of the ink jgt head of the thirteenth .
embodiment of the present invention, the gap_portion 16
is open to_the atmosphere through the paésage 18, as
well as outlet ports 19a and 19b of the passage 18 are
éealed by sealer agent 20 of epoxy' and the 1like which
has a high wviscosity when the substrates 1 'and'z are
cooled to the room temperéture_ after they are anode-
bonding.

.The reference numerals 23 is a terminal portion of
the electrode -23, 41 means Si0, membrane of a dielectric
membrane .formed on the substrate 1, 102 is: an

,oscillatiog circuit, and 106 is a metal membrane formed
to connect oné terminal of the_agscillation circuit 102
to the substrate 1. The passage 18 extends surround
thé electrode 21.

Because that the silicon substrate constituting the
'subétrate 1 has é high thermal conductivity, the sealer
ii madé of thermal plastic resin and the pressure in the
gap portion dges not rise. Because that the sealing
member 20 has a high viscosity, it fails to flow-in the

© passage 18.

| Cohsequenfly, “according to the thirteenth
embodiment. of the preseﬁt 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-

A v—
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nonwoven fabric was subjected to a super cal ender treat- 5 nment at

25[err] Cto adjust the thickness to 50 [err]m Sone dents were forned
on the surface. Exanpl e 59 70% of the mcro-gl ass
fibers used in Exanple 48 and 30% of pol yester fibers (4080

manuf actured by 10 Unitika Ltd.; 2 d X5 mmin fiber length) as a fibrous
bi nder were di spersed in water to prepare a slurry. The resul ting
slurry was subjected to wet paper naking- pro- cess by a cylinder paper

machi ne t o nellendingnoperation fladls ccafrsqg/ ther pressulpasiin vetighgapnd

70 [err]mthick for

15 separator of non-aqueous electrolyte battery. This

nonwoven fabrpartdensubfect Aftear hanods~botsling edsnefiinishedat and0 theo

adjust the thickness to 40 [err]m
temperature lowers to the room temperature, the sealing

me;nber 20 seals the outlet of the passage 18 preventing

. dust from invading the gap portion 16 and the problens

above happening.

' The afcresaid effect is avaiiable if a gaseous body

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

’ po:-tion 16 when it is sealed.

(Embodiment 14)

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

s

. ’-'actuator according to another embodiment of the present

invention.

According to the fourteenth embodiment, the static

electricity actuator has a second _électrode 46 placed

under the vibrating plafe 5 8o as to oppose to the

electrode 21. The second electrode 46 is made of Gr

‘or Au thin membrane.

The

static electricity actuator functions as a

- capacitor. thn ‘aV -vol_t is impressed to the opposed

electrodes 21 and 46, V¢ of the valtage . betwe"enj the

opposed electrodes 21 and 46 raised when thef are

charg.ed and . discharged is shown below:

Ve

=V (1 - exp (-t/T) charging time

Ve = V eitp (-t/T) discharging time

. Wherein T: time constant.

It

iée.f.appérent from the equations above that they

T
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Exanpl e 60 A nonwoven fabric for separator of non-aqueous

20 el ectrolyte battery was made in the sanme manner as in Exanpl e 53,
except that the average fiber dianmeter of the m cro-glass fibers was 4
ferrm Exanple 61 25 80% of the mcro-glass fibers
h?w ng an aver - age fiber dianmeter of 2.7 [err]mand conprising 99.8%
o]

-61 -

) are eizpo_nential f_unctions. When the timé constant T is
large, rising spee.d of Vc is made slow. The time
constant T is .given Dby. an equation RC (wherein the
resistance is R and static eIectricit§ capacitcr is C).
BecauSe a resistance cf silicon is higher':th'-an metals,
the . electroce 46 of Cr or. Au. thin membrane ha'éing iow
resistance is used as a v:.brating plate 5 SO as tc
drive the ink jet head at a high speed. When the time

constant is made low, responsibility of the _ actuator

) improves .

(Embodiment 15) .

Fig. 34 shows: a section’ of the ink . Jet head
acco.rdi_.ng to still ancthe_r embodiment of the bresent
invention. . _. . | . -

In the fifteenth embodiment, ‘' -the gap G to. be
formed '.l'm'der “the vibrating, plate 5 is | .kept by 'a_'
thickness of photo-sensitive resin‘la_yer or.adhesive'
agent layer 200. That is, -patterns. of the photo-
sefitive resin layer or adhesive agent - layer 200 are
are printed . around the’ electrode 21 of the | second
sulestrate 2 and both the second . substrate 2 and the
first substrate 1 are adhered to each other making a_.
lamination. Z_I‘.n practice, .soda glass 1is wused as the
second substrate 2 and it is constructed as described

‘on the second embodiment.

A ' ph'oto-sénsitive polyimid is used as a _photo-.
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-: 14 - silicon dioxide (QFIBER 110Q manufactured by Schull er
Co., Ltd.) and 20% of NBF-H (rmanufactured by Daiwa Spin- ni ng Co.,
Ltd.; 0.7 d X5 mmin fiber length) as a fi brous binder were dispersed
im water to prepare a 5 slurry. The resulting slurry was subjected to wet
paper - maki ng process by a cylinder paper nachine to neke a
nonwoven fabric of 20 g/nferr] in basig weight and 70 [err]m thick for
separat or of non-aqueous electrolyte bdttery. Example 62 10
70% of thé neemsityives resier sandediti risz::f;ﬂ!eed arotingh dt13@ vediecBRde
(manuf actured by Dai wa Spi nning Co., . .Ltd.; 0.7 d x 5-mmin-fiber
| ength) as a21|mf)ustf{ﬁ n&econd substrate 2 with its thickness/ium
forming the pattern 200 of'pl.mto—sens:_itive resin layer.
.While, similar to that -of the second embodiment, the
bottom face of the first silicon substraté :1 is planely
polished and the first substrate 1 and second substrate .
2 are laminated. As a resylt, when the photo-sensitive
resin is used, " the gap length G between the v:.brat:.ng.
. plate 5 and the electrode 21 is 1 4 um. -When an
adhesive agent of epoxY.bond is used, the its thickness -
G dis 1.5 um, and. the substrates 1 and 2 are.
lan_linated at a temperature.loooc. In this case, the
gap length G is a li_ttlé less than 1.9 um. . When
adhesive agent is uséd, ii: is necessary to press the
substrate 1 and other substrate. 2, so the gap length G
decfease_éi diffez_‘iné from that of the photo-sensitive
resin.

It is possible tb usé such gap'_holding means of
photo-—éensitive resin and adhesive agenf keeping _the'
prcledetermined 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 of 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. '_l‘emperatﬁre of <thermal treatment .is

B laced - L | | ."
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were dispersed in water to prepare a slurry. The result- ing slurry
was subjected to wet paper making process by a 15 cylinder paper nachine;..

to make a nonwoven fabric of 20 ~g/nferrf in basis weight. and 70-Ferr]m
tshi ck for separator of non- aqueous el ectrol yte battery. Exanpl e
63 100% of the m cro-glass fibers used in Exanple 20 52
were dispersed in water to prepare a slurry. The resulting slurry was
subj ected to wet paper naking pro- cess by a cylinder paper nmachine to
make a nonwoven fabric for separator of non-aqueous el ectrolyte
battery, but the nonwoven fabri C w@s very low in strength because 25

it did not contain the fibrous binder.
" controlled according to the kind of various resins.

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

silicon of various . materials can be used.

- _ : -'i‘.his is the repl&cémen_t_ skeat.
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- 75 - Exanpl e 64 - 85% of mcro-glass fibers having an

aver age fiber dianmeter of 1.8 [err]m (108B nmanufactured by Schull er
Co., Ltd.) and 15% of NBF-H (nmanufactured by Daiwa Spin- 5 ning Co.,

ltd.; 0.7 d X5 mmin fiber length) as a fi brous binder were dispersed
in water to prepare a slurry. The resulting sl uorry—was—subjeeted—+o
wet paper maki ng process by a cg4knder paper hipe to _nmake a
nonwoven fabric of 20 g/nferr] in basis weight and s k for
separator of non-aqueous electrol yte battery. “ , m “'ﬂ _

CLAIMS

1. An ink jet head comprising one or more nozzles (4)
for ejecting ink drops, a respective ejecting chamber (6)
connected to the or each said nozzle (4), a vibrating
plate (5) constituting at least one wall of the ejecting |
chamber (6), and a driving means for generating a
deformation in said vibrating plate, characterised in that
said driving means is an electrode (21) for
static-electrically deforming the vibrating plate (5) and
in that said vibrating plate (5) and said electrode (21)

"are spaced by a distance of at least 0.05 pm and no more
than 2.0 um.

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

3. An ink jet head according to claim 1, characterised
in that said distance is defined by a dent (15) for

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

4, An ink jet head acéording to any one of the
preceding claims, charaqﬁerised in that a first substrate
(1) and a second substrate (2) each comprise single
crystal silicon substrates and the distance defining means
is constituted by a gap spacer of a 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 thermally oxidized
membrane of silicon.

This is the replacement skewt
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Conmponents of the mcro-glass fibers used in this Exanple were as

fol | ows. <Conmponents of the mcro-glass fibers>

Sigerr] 58.55 15 BEIOSheet Has Been R

e ”Mlﬂ e

Al[err err ' 8

500 e Zno E Klerr]o
3.2 CaO Flerr]
0.6 MO . . . 0- 3. .

Fe[err] qerrf' An"ink jet head agcopding to claim 4, characterl.sed

in that said Si()2 membrane is formed by a spattering
process, CVD process, vaporing process, 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-type
impurities.

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

9. An ink jet head according to any one of the
preceding claims, characterised in that said vibrating
plate (5) has a second electrode'integrally formed on the
‘vibrating plate so as to fill said distance.

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

1l. An ink jet head accoi:‘ding to claim 1, characterised
in that a boro-s:.l:.cate 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
spacer for maintaining said distance.

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

This is the replacement sheet

A A

‘Date: 3 10CT 1936



25 Tigerr] 0. 01 1yis sheet'HAGBRL ﬁg{lﬁlléed

B5% of micro-glass fibers having an average
- 76 - fiber dianmeter of 0.65 [err]m (#106 mammﬂmm HHI Schul | er
Co., Ltd.) and 15% of NBF-H (manufactured by Daiwa g Co.

Ltd.; 0.7 d x 5 nmin fiber length) agea fibrous binder were dispersed

in water to Erepare a _ 5slurry. The resulting slurry_ was_ subjected to wet
paper 3. An ink jet head according to claim 1, characterised

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

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

15. An ink jet head according to claim 9, characterised
in that a driving wiring layer including the second
electrode comprises a p-type impurity 1layer 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 ink jet head according to any one of claims 4 to
16, characterised in that said first substrate (1) is a
p-type silicon substrate of which n-type impurity layer is
epitaxially growﬁ, '

18. An ink jet head according to claim 1, characterised
in that a zone forming said distance between the vibrating
plate (5) and an electrode (21) connects 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 theréon.is
anode bonded thereto and the outlet of the passage is

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

LR T T This Is the replacement sheet
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maki ng process by a cylinder paper machi ne to meke a fabric
of 20 g/nferr] in basis weight and 70 [err]m thick for separ at or of
non- aqueous el ectrol yte battery. mmhe

m cro-glass fibers used in 10 this Exanple mere
<Conponents of the mcro-glass fibers> : ﬂﬂ\l}\l‘“ﬁ)
65. 21 _ Na[err] O - 67

5.92 15 Blerr]Jerr] 5.20

Alerr](err]
2. 69

CaO

. . 3.56 . O
20. A#{%ﬂ$]jet head according to glaim 8, characterised
g[igr]o in that said di&lédtr?® membrane is m¥d&'éf silicon oxide,
' boro-silicate glass or silicone compound.

21. An ink jet head according to claim 18,
characterised in that said 2zone is filled with gas,
preferably air,'nitrogen or argon.

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

23. A method of manufacturing an ink jet head,
characterised in that it comprises the steps of patterning
a Si0, membrane of a predetermined thickness on a face of
a first silicon substrate forming a vibrating plate except
~a part fo; the vibrating plate, or patterning a SiO2

membrane of a predetermined thickness on an opposing face
of a second silicon substrate forming an electrode except
a part for the electrode, and anode-joining by a Si direct
joining method for the first silicon substrate and the
second silicon substrate through the $i0, membrane.

24. A method according to .claim 23, characterised in
that it comprises the further step of forming the
vibrating plate by carrying out an alkali anisotrophy
etching -process on the first silicon substrate.

25. A method according to claim 23, characterised in
that it comprises a further step of forming the electrode

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

_— This is the replacement sheet
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Fe[err](err] 0. 059 - 77 [err]
T 78 -

Eval uati on: As can be seen fromthe results of
Tabl e 5,
| ' i

-68 -

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
having an electrode for driving the vibrating plate, said
electrode being formed on said second substrate,
characterised in that it comprises a step of controlling a
potential difference betwen the vibrating plate and the
electrode to decrease the potential difference during the
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 éteps of
forming a common electrode to be connected to respective
electrodes on the second substrate, controlling the
potential differeance between said vibrating plate and the
common electrode to decrease the §otential difference
during the anode bonding process, and separating the
common electrode from the electrode after the anode
- bonding process. ' |
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t,he nonwoven fabrics for separator of non-aqueous el ec- trolyte
batteries of Exanples 52-62 according to the 5 present invention were

superior in battery processability - such as rollability with

el ectrodes, and non-aqueous el ectrolyte batteries superior in battery
characteristics and battery storage characteristics could be nade.

Si nce t he nonwoven fabrics contained mcro-glass fibers, they 10 were
excellent in heat resistance and did n 5,5 rink or burn owing to
melting of the fibers even when batterg tenperature rose due to
external short-circuit. Thus, ignition of batteries could be

I nhi bited. Furthernore,. si nce the nonwoven fabrics contained

m cro-glass fibers. 15 containing no sodi um oxide or the |ike which hinders
battery reaction, battery storagephrrét eri itics wer e

This is the replacement sheet
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very good. The nonwoven fabrics of Exanples 52 and 58 cont ai ned 85% of
m cro-glass fibers and, therefore, strength was | ow and they were
readily broken at the tine 20 of fabrication.of batteries, and battery
processability and battery characteristics were somewhat inferior. In
Exanpl e 60, the fiber dianeter of mcro-glass fibers was great and,
therefore, thickness of the nonwoven fabric was sonewhat uneven, and
battery processability and 25 battery characteristics were sonewhat
inferior. The nonwoven fahtPgs of Exanpl es 57 and 59

subj ected to hot cal ender treatnment were superi.or in processability.

FIG. 2
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-, 79 - For the nonwoven fabrics of Exanples 61 and 62,
the fabric containing the mcro-glass fibers of the smal | er di aneter
was superior in processability. . . On the ot her hand, since the
ronwoven fabric 5 of Exanple 63 was conposed of only the micro-glass
fibers . havi ng no sel f-binding power, strength was very lowto

often cause the trouble of breakage at the tine of fabri- cation of
batteries, and. non-aqueous el ectrolyte batter- i es could not be stably
produced. 10 I n the nonwovgn E?prics for separator of

non- aqueous el ectrolyte batteries of anpl es 64 and 65, si nce anount

of sodi um oxi de contained in the gl ass
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fibers was | arger, nanely, 10.1% and 15.73% than in the m cro-gl ass
tibers conprising E-glass or silica glass, 15 the sodiumion was repl aced

with lithiumion during the | ong-term storage and battery storage
characteristics . were sonmewhat inferior. - Exanpl e 66

50% of the mcro-glass fibers used in Exanple 20 52 (E-FIBER 108E

manuf actured by Schuller Co., Ltd.) and 50% of pol ypropyl ene fibers at
| east a part of which were fibrillated to 1 [err]mor less in fiber

di aneter (TYARA KY-430S nanufactq&gdzgy Dai cel Ltd.) were dispersed in
water to prepare a slurry. The slurry sTsubjected to 25 wet paper nmeking

process by a cylinder paper nmachine to
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nmake a nonwoven fabric of 20 g/[err]2 in basis weight and 70 [err]m
thick for separator of non-aqueous el ectrol yte bat- : e e
- 80 - tery. Exanpl e 67 _ 60% of the m cro-gl ass
f«i bers used in Exanple 52 and 40% of pol yethylene fibers at |east a
part of 5 which were fibrillated to 1 [err]mor less in fiber dianeter

( TYARA KY-420S manufactured by Daicel Ltd.) were m xed

5/ 24
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and dispersed in water to prepare a slurry. The slurry was subjected
to wet paper nmaking process by a cylinder paper machi ne to nmake a
nonwoven fabric of 30 g/nferr] in 10 basis weight and 110 [err]mthick
for separator of " non-aqueous el ectrolyte battery. Then, the nonwoven
fabric was subjected to hot cal ender treatnent at 120[err] C to adj ust
the thicknes to 50 [err]m Exanple 68 15 40% of the

m cro-glass fibers having an aver- age fiber diameter of 1 [err]mused
in Exanple 52 and 60% of p-aramdg Q% ps at least a part of which were
fibrillated to 1l [errlmor less in ( er dianmeter (TYARA KY-400S nmanu-
factured by Daicel Ltd.) were dispersed in water to 20 prepare a slurry.
The slurry was subjected to wet paper
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maki ng process by a cylinder paper machine to make a nonwoven fabric

of 30 g/nferr] in basis weight and 110 [err]m thick for separator of
non- aqueous el ectrolyte battery. - Then, the nonwoven fabric was
subjected to a calender 25 treatnment at 25 C to adjust the thicknes to 60
[err]m - 81 - Exanpl e 69
60% of the mcro-glass fibers used in Exanple 56 and 40% of p-aram d
fibers at |east a part of which were fibrillated to 1 [err]mor |ess
in fiber dianeter 7 /24 -
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5 (TYARA KY-400S manufactured by Daicel Ltd.) were dis- persed in
Water to prepare a slurry. The slurry was subj ected to wet paper
maki ng process by a cylinder paper machi ne to nake a nonwoven fabric
of 20 g/nferr] in basis wei ght and 80 [err]mthick for separator of
non- aqueous 10 electrolyte battery. Exanpl e 70 60%
of the mcro-glass fibers having an aver- age fiber dianmeter of 2.7
[err]mand conprising 99. 8% of silicon dioxide (QFIBER 110Q )
manuf actured by Schuller 15 Co., Ltdg)saxd 40% of pol ypropyl ene fibers at
| east a - part of which were fibrillated to 1 [err]mor less in fiber

di aneter (TYARA KY-430S manufactured by Daicel Ltd.) were

FIG. 1|
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di spersed in water to prepare a slurry. The slurry was subj ected to
wet paper making process by a cylinder paper 20 machine to nake a nonwoven

fabric of 20 g/nferr] in basis wei ght and 80 [err]mthick for

separator of non-aqueous el ectrolyte battery. Then, this nonwoven
fabric was subjected to a hot cal ender treatnent at 150[err] Cto

adj ust - the thickness to 30 [err]m 25 Exanple 71 70%
of the micro-glass fibers used in Exanple

82 o /24
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4 and 30% of p-aramd fibers at |east a part of mhi¢h were fibrillated

tol [errlmor less in fiber diameter (TYARA KY-400S manuf actured by
Dai cel Ltd.) were dis- persed in water to prepare a slurry. The slurry
was 5 subjected to wet paper naking process by a cylinder paper

machi ne to nake a nonwoven fabric of 20 g/nferr] in basis wei ght and
80 [err]mthick for separator of non-aqueous el ectrolyte battery.

Then, the nonwoven fabric was subj ected to a cal ender treatnment at 25
Cto adjust the 10 thicknes to 30 [EOrAB% The nonwoven fabric had dents
on the surf ace. Exampl e 72 A nonwoven fabric for

separ at or of non- aqueous

FIG. 14

This s the replecement sheet

ate: 3 1 OCT 1396



electrolyte battery was produced in the same manner as in 15 Exanple 71,

except that the average fiber dianmeter of the m cro-glass fibers was 4
[err]m The resulting nonwoven fabric had dents on the surface.

Exanple 73 70% of the mcro-glass fibers used in Exanple 20
64 (108B manufactured by Schuller Co., Ltd.).and 30% of p-aram d fibers
at least a part of which were fibrillated to 1l [errJmor less in fiber
di anet er (TYARA KY-400S manu- factlU{y(@py Dai cel - Ltd.) were dispersed
in water to prepare a slurry. The slurry was subjected to wet paper 25

maki ng process by a cylinder paper machine to nmake a nonwoven fabric of
20 g/nmferr] in basis weight and 70 [err]m
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- 83 - thick for separator of non-aqueous electrolyte battery.
Exanpl e 74 70% of the mcro-glass fibers used in Exanple
65 and 30% of p-aram d fibers at |east a part of which 5 were
fibrillated to 1 [err]mor less in fiber dianeter ( TYARA KY-400S
manuf actured by Daicel Ltd.) were dis- persed in water to prepare a
slurry. The slurry was "subjected to wet paper naking process by a
cyl i nder paper ' '
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machi ne to make a nonwoven fabric of 20 g/nferr] in basis 10 weight and 70
[err]mthick for separator of non-agueous el ectrolyte battery.

Exanpl e 75 90% of pol ypropyl ene fibers (Pz manufactured

by Daiwa Spinning Co., Ltd.; 2 d X 10 mmin fiber 15 length) and 10% of
vinylon fibers (VPB107-1X3 manuf ac- tured by Kuraray Co., Ltd.) were
di spersed in water to prepare a slurry. The slurry was subjected to-
wet paper maki ng process by a cylinder paper machine to nmake a
nonwoven fabric of 30 g/nferr] in basig night and 130 [err]m 20 thick for
separator of non-aqueous electrolyte battery. Then, the nonwoven
fabric was subjected to a cal ender treatnment at 25 Cto adjust the
thickness to 60 [err]m

FIG. ! 8
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[err] - 85 - Eval uati on:

As can be seen fromthe results of Table 6, t he nonwoven fabrics for
separator of non-aqueous el ec- trolyte batteries of Exanples 66-72

according to the 5 present invention were superior in battery .
processability such as rollability wwth el ectrodes, and non-aqgueous

el ectrolyte batteries superior in battery characteristics

14724
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and battery storage characteristics could be obtained. Furt her nore,
since the nonwoven fahrics contained 10 mcro-glass fibers, they were

excellent in heat resis- tance and did not shrink or burn owing to
nelting of the fi bers even when battery tenperature rose due to
ext er nal short-circuit. Thus, ignition of batteries could be

I nhi bited. Furthernore, since the mcro-glass fibers 15 contained no
sodi um oxi de whi ch hinders the battery 157 24eaction, particularly, battery
storage characteristics wer e superior. The nonwoven fabrics contai ned
organi c fibers at |least a part of which were fibrillated to 1 [err]m
or less in fiber dianeter and, therefore, there were no 20 pin holes which

cause internal short-circuit. ' anples 70-72, the
nonwoven fabric of : F'G 2nF>< ' _
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Exanple 70 was uniformin thickness due to the hot cal ender treatnent,

and, hence, battery processability was superior. In Exanpes 71 and 72,
t he nonwoven fabrics, 25 were subjected to a normal cal ender treatnent, and
hrence the battery processability was sonmewhat inferior irre-

spective of the fiber dianeter. ' In the nonwoven fabrics for
separ at or of - 86 - _

non- aqueous el ectrolyte batteries of Exanples 73 and 74, si nce anount

of sodi um oxide contained in the glassig/24 .
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fébers was | arger, nanely, 10.1% and 15.73% than in the m cro-gl ass

fibers conprising E-glass or silica gl ass, 5 the sodiumion was replaced
with lithiumion during the | ong-term storage, and battery storage
characteristics wer e somewhat inferior. ' The nonwoven
fabric of Exanple 75 did not contain mcro-glass fibers and organic
fibers at least a 10 part of which merq7f' hillated to 1 [err]mor less in
fiber di anmeter and, therefore, it was Inferior in heat resis-

tance and had pin holes. Thus, non-aqueous el ectrolyte batteri es made
using this nonwoven fabric sonetines got to ignition. 15 Exanple 76

50% of potassiumtitanate whiskers (manufac-

FIG. 24
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tured by Qtsuka Chemcal Co., Ltd.) and 50% of p-aram d fibers at

| east a part of which were fibrillated to 1l [err]mor less in fiber

di anet er (TYARA KY-400S manu- 20 factured by Daicel Ltd.) were di spersed
ivn water and an “aqueous al um num'sul fate 'sol uti on was added thereto to
prepare a slurry. The slurry was subjected to wet paper - maki ng process
by a cylinder paper machine to nake a nonwoven fabric of 20 g/nferr]
in basis weight and 50 [err]m 25 thick for separator of non-aqueous

el ectrolyte battery. : 18/24 - 87 -

FIG. 26
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Exanpl e 77

50% of

by Shi koku Kasei Kogyo Co., Ltd.)
a part of which were fibrillated to 1 [err]m 5 or less in fiber dianeter
t TYARA KY-400S manuf actured by

and an aqueous

al umi num bor ate whi skers (manufactured
and 50% of p-aramd fibers at |east

* .Daicel Ltd.) were dispersed in water

al umi num sul fate sol uti on was added thereto to prepare

a slurry. The slurry was subjected to wet paper maki ng process by
a cylinder paper machine to make a nonwoven 10 fabric of 20 g/nferr] in
basis weight and 50 [err]mthick for ;g /%8parator of non-aqueous

el ectrolyte battery.

Exanpl

titanate whi skers (manufac-

e 78 50% of potassi um

FIG. 28
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‘Jdured by Osuka Chemical Co., Ltd.) and 50% of 15 pol ypropyl ene fibers at

| east a part of which were fi- brillated to 1 [err]mor less in fiber
di anet er (TYARA - KY-430S manufactured by Daicel Ltd.) were dispersed in
“wat er and an aqueous al um num sul fate sol uti on was added thereto to
prepare a slurry. The slurry was subjected to 20 wet paper nmaking process
by a cylinder paper machine to make a nonwoven fabric of 20 g/nferr]

i n basis weight and 50 [err] m'ltz%qg%‘gr separator of non-aqueous

el ectrol yte bat - tery. " 79 25 50% of
potassium titanate whi skers (manufac- tured by O suka Chem cal Co.,
Ltd.) and 50% of polyethyl - :

FIG. 29
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- 88 - ene fibers at least a part of which were fibrillated to 1
rerr]n1or | ess in fiber dianmeter (TYARA KY-420S manuf act ured by Dai cel
Ltd.) were dispersed in water and an aqueous al um num sul fate sol ution
was added thereto to prepare a 5 slurry. The slurry was subjected to wet
paper maki ng process by a cylinder paper machine to make a nonwoven
fabric of 20 g/nmerr] in basis weight and 50 [err]mthick for

separator of non-aqueous electrolyte battery.

21724
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annple 80 10 45% of potassiumtitanate whi skers (manufac-
ured by O suka Chemcal Co., Ltd.) and 45% of p-aramd fibers at
least a part of which were fibrillated to 1l [errlmor less in fiber
di-amet er ( TYARA KY-400S manu- factured by Daicel Ltd.) were dispersed
in water and an 15 aqueous alum num sulfate solution was added thereto to
prepare a slurry. Furthernore, 10% of vinylon fibers (vPB107 .

manuf actured by Kuraray Co., Ltd.) as a fibrous bi nder was added to
re-prepare a slurry. The slurry was ‘subjected to wet paper naking
process by a cylinder paper 20 nmachid®’/ &% make a nonwoven fabric of 20
g/merr] in basis wei ght and 60 [err]mthick for separator of

non- aqueous el ectrolyte battery.

FIG. 3
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Exanpl e 81 40% of potassiumtitanate whiskers (manufac- 25
tured by O suka Chem cal Co., Ltd.) and 40% of p-aramd fibers at '

Least a part of which were fibrillated
~ 89 - to 1 [err]mor less in fiber dianeter (TYARA KY- 400S manu-

factured by Daicel Ltd.) were dispersed in water and an aqueous
al um num sul fate sol uti.on was added thereto to prepare a slurry.
Furt hernore, 20% of heat nelting ' S

23724
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5 binder fibers (NBF-H manufactured by Daiwa Spinning Co., Ltd.) as a
“fibrous binder was added to re-prepare a slurry. The resulting slurry
was subjected to wet paper. maki ng process by a cylinder paper nachine
o make a nonwoven fabric of 20 g/nmferr] in basis weight and 60 [err]m
10 thick for separator of non-aqueous electrolyte battery. Exanpl e
82 : A nonwoven fabric of 20 g/nferr] in basis weight and
50 [err]mthick for separator of non-aqueous el ectrolyte battery was
made in the sane nmanner as in Exanple 80, 15 except that anount of the
potassiumtitanate whi skers was 30% armount of the fibrillated
p-aram d fibers was 60% and2a@®4 of the vinylon fibers was 10%

FIG.35
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-~

Exanpl e 83 ' A nonwoven fabrlc of 20 g/nferr] in basis weight
.20 and 50 Amthick for separator of - non- agqueous el ectrol yte battery
‘was made in the same nanner as in Exanple 80, except that anount of
~the potassiumtitanate whi skers was 30% anount of the fibrillated
p-aram d fibers was 50% ~and amount of the vinylon fibers was 20%

- 90 - Exanmpl e 84 - A nonwoven fabric of 20 g/nferr] in
basi s wei ght _ '

ABSTRACT

INK JET HEAD AND METHOD OF MANUFACTURING THEREOF

An ink jet head 10 has nozzle holes 4, emitting chamber 6
respectively connected thereto, and vibrating plates 5 are
formed at the bottom wall of the emitting chambers 6. A
common ink cavity 8 is adapted to supply ink to the
emitting chambers through orifices 7. Electrodes 21 are
pPlaced so as to face the vibrating plates so as to drive
the vibrating plates by static electricity. One of two
anode bonding faces between the first substrate 1 forming
the vibrating plate 5 and the second substrate 2 forming
the electrode has a dent 15 to form a vibrating chamber 9

or a dent 25 for mounting an electrode therein, or SiO2

membranes 41 and 42, respectively formed therein. The gap
length G between the vibrating plate and the electrode is
determined to be between 0.05 - 2um.

(Figure 1)
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Exanpl e 85Substitute sheet - 28\ Jubn199d:

y was made in the sanme manner as in
the potassiumtitanate whiskers was

ild fibers was 2% and anmount of
- 3 -

t he vi nyI on f| bers was T8

quality’ ‘small as soon

as possible by means of the

conventional machine processing.

Accordlng to the ink heatlng system above, the
drive means is constructed by a thin membrane
resistance heater element having no problem of the

conventional piezoelectricity element

However, the drive means

head.
In order to solve

art,

application U.S. Application

1991, US 5534900A & EP 479441A,

drive means of the

apparatus has merits of printihgs of high density,

quality and of a small si

However,

speed repetition of heating and cooling and

bursting bubblss-shortening

‘static

apparatus above.
is’ suffered or damaged by high
shock of
a lifetime of the ink jet

such problems ‘ of "the prior

the applicant of the present invention filed an

No.757,691 filed Sept. 11,

of an ink jet head recording apparatus using a .,
._.electricity force. The
high

ze and a iong lifetime.

the ink jet head recording apparatus of

the application has problems to be solved in order to

s?ill improve such merits

The Tirst problem-

constituting an ink limiting or discharging chamber,

above.

concerns a vibrating plate

and

a gap between the vibrating'plate and an electrode for

driving the vibrating pla

emitting system using
pressure to be generated

low comparing to that of

te. According to the ink drop

static electricity, emitting
by the same pressure is very

the jet head of piezoelectric
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15 Exanpl e 86 A nonwoven fabric of 20 g/ n{'err] I n basis

wei ght _ and 50 [err]mthick for separator of non-aqueous electrolyte
battery was made in the sane manner as in Exanple 76, except that
anmount, of the potassiumtitanate whiskers was mIbS!iwmnshezamm July 11999
fibrilvated p-aranmid fibers was 75% Exanpl e 87
A nonwoven fabric of 20 g/nferr] in basis weight . and 45 [err]mthick
for separator of non-aqueous electrolyte 25 battery was made in the sane
manner as in Exanple 76, -3-
attractive force is generated between the boro-silicated
glass andthe silicon and they are contacted. However,
through a space between the electrode and the

vibrating plate, a large current instantly flows 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 vibrafir;g plate generating a short
circuit. In addition, when they are connected by an
‘\/ . anode process, they are connected with a wvery high
voltage comparing .fo that when thél ink jet head is
ariven. Accordingly, the wvibrating plate is fixed
through its circumference after it is deformed due to
the electr.ic_ field generated while an anode connecting.
As a result, remaining stress is generated changing
natural fr’eque'néy 'of respectiv_e _vibrating. pl.ates and,
consequently, -an ink emitting characteristic, or the
dielectric membrane material on the electrode is pulled
along the direction c;f vibréting plate due to stétic
electricity attractive force resulting in a peeling-off

of( the dielectric membrane from the electrode.

Europeah Patent Application No. 0479441 & US 5534900A shows an ink jet head comprising
one or more nozzles for ejecting ink drops, a respective ejecting chamber connected to the or
each nozzle, a vibrating plate constituting at least one wall of the ejecting chamber, and a
driving means for generating a deformation in said vibrating plate. The ink jet head is
characterised in that the driving means is an electrode which electrostatically deforms the
vibrating plate and in that the vibrating plate and the electrode are separated by a distance of
about 1 m.
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- 91 - except that anount of the potassiumtitanate whiskers was
90% and anount of the fibrillated p-polyam de fibers was 10%

Exanpl & 88 5 100% of potassiumtitanate whiskers were

di spersed in water and al umi num sul fate was add&wbstiguts: sheet - 28 oJuly 999
an aggkonerate slurry. The slurry was sub- jected to wet paper naking
process by a cylinder paper machi ne, but nost of the whiskers passed
through the net 10 and it was very dBfficult to formthe slurry a sheet.
Mor eover, strength of wet web at the stage of web form-

3. Summary of the Invention

Consequently, it is the purpose of the present invention to provide an ink jet head of

a printer, wherein a prohibition or sealing means between the gap portion and the outside is

5 provided in order to keep the size precision of the gap portion and prevent dust from entering
the gap portion. '

According to a first aspect, the present invention is an ink jet head comprising at least

one nozzle, a respective ejecting chamber connected to the or each nozzle, a respective

\_—0/ vibrating plate constituting at least one wall of the or each ejecting chamber, and a respective
electrode arranged oppdsité the or each vibrating plate with a predeterminea gap
therebetween, said nozzle or nozzles ejecting ink drops by deformation of said vibrating plate
or plates caused by electrostatic force generated by a voltage impressed between said vibrating
plate or plates and said electrode or electrodes, wherein

15 the or each vibrating plate is formed in a first substrate,

This is the repiscemerd sheel
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tion was al so weak and formation of sheet was difficult. . The resulting
nonwoven fabric had no binding power and was fragile. 15 Exanpl e
89 A slurry conprising 50% of fibrillated p-aramd
fibers, 40% of NBF-H (manufactured by Daiwa Supstitoiegheet - 28t July 99d
x 5 min fiber length) -and 20 10% of vinylon fibers (VPBlO? 1X3

manuf act ured by Kuraray Co., Ltd.) was prepared, and the slurry was
subj ected to wet paper naking process-Uy- a cylinder paper machine to
make a nonwoven fabric of 20 g/nferr] in basis wei ght and 70 [err]m

thick for separator of non-aqueous 25 electrolyte battery.
the or each electrode is formed on a second substrate,

said first and/or second substrate has a dent or series. of dents to maintain said
predetermined gap between the or each vibrating plate and its respective electrode,
said first and second substrates are anode-bonded to each other by a face so as to form
5 a vibrating chamber or a series of vibfating chambers, each comprising a dent as a part of its
wall,
the or each vibiating chamber is connected with a passage leading to the outside of the
substrates, and |
the gap between said vibrating plate and said electrode is at least 0.05.m and no more
than 2.0um; |

characterised in that an outlet of the or each passage is sealed by a sealing member

o

after the anode-bonding process.

According to a preferred embodiment of the present invention, the first substrate and

the second substrate, respectively are mono-crystal silicon substrates, and a SiO, membrane,
15 formed on at least one face of the connecting portion of both substrates constitutes a holding
means for the opposing gap or distance.

It is possible to make the SiO, membrane by thermal oxidized membrane of silicon,
or the SiO, membrane can be produced by spattering process a sintering process of inorganic
silicon compound or a CVD process vaporizing process, Sol-Gel process, thermal oxidation

" process or others. The electrode is formed by p-type or n-ype impurities.
— Preferably, the electrode is covered by a dielectric membrane with a gap formed

between the electrode and the vibrating plate.
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- 92 - Exanpl e 90 : 50% of potassiumtitanate whiskers
were dis- persed in water and alum num sul fate was added thereto.to
preparé an agglonerate slurry. Thereto were added 40% of 5 NBF-H :
(manuf actured by Daiwa Spinning Co., Ltd.; 0.7 Substitute shesth- 28fJuler199

| engt h} and 10% of vinylon fibers (VPB107-1X3 manufactured by Kuraray -
Co., Ltd.) to pre- pare a slurry. The slurry was subjected to wet
paper maki ng process by a cylinder - pAper machi ne to nmake a

According to a second aspect, the present invention provides a method of
manufacturing an ink jet head comprising the steps of: |
(a) simultaneously forming in a first substrate at least one groove that serves as a
- precursor to a nozzle, a respective channel that services as a precursor to an ejecting chamber
5 connected to the or each groove and a respective vibrating plate for the or each channel
constituted by at least one wall thereof; |
(b) bonding a third substrate to the surface of said first substrate in which said groove or
grooves, said respective channel or channels and said respective vibrating plate or plates have
been formed, thereby to convert said groove or grooves and said respective channel or
10 channels into a nozzle or nozzles and associated ejecting chamber or chambers, respectively;
© fomﬁng on a second substrate a. respective electrode or respective electrodes
corresponding in number and position to the features formed in said first substrate in step (a),
said electrode or electrodes being for electrostatically deforming the or each vibrating plate
for ejecting ink drops; |
15 (d) forming a dent or series of dents on at least one of said first substrate and said second
substrate for the purpose of maintaining a gap of a thickness of at least 0.05 xm and no
more that 2.0 um between the or each vibrating plate and its corresponding electrode when
said first and second substrates are bonded together;
(e bonding said first and second substrates by an anode bonding method to form the or
\;,- 20 each vibrating chamber, the or each vibrating chainber having a said dent constituting part of
its wall;
characterised in
(f)  forming the or each vibrating chamber with a passage connecting it to the outside of -
said first and second substrates at a location or locations where the or each vibrating plate is
25 opposed by a respective electrode; and
® sealing the outlet of the or each passage connecting the or each vibrating chamber to
the outside of the substrates after the anode bonding of step (e).

This is the replatement sheet

Date: 3 1 JUL 1999



10 nonwoven fabric of 20 g/nferr] in basis weight and 70 [err]m t hi ck

for separator of non-aqueous electrolyte battery. Exanpl e 91

50% of “the m cro-glass fibers used in Exanple 73 (108B nmanuf actured by
Schuller Co., Ltd.) and 50% of - 15 fibrill at ed Substidutedstiedter 28wiilg 1999

di spersed in water to prepare a slurry. The slurry was subjected to wet
paper maki ng process by a cylinder paper machine to make a -~ nonwoven
fabric of 20 g/nferr] in basis weight andB60 [err]m thick for - separator
of non-aqueous el ectrolyte battery. [err]

In a variant of the above, the method of manufacturing an ink jet head comprises the
steps of:
(a) forming in a nozzle substrate at least one nozzle;
(b) forming in a first substrate a channel or channels corresponding in number and
5 position to the nozzle or nozzles formed in the nozzle substrate, said channel or channels
serving as a precursor to a respective ejectihg chamber or chambers, and simultaneously
forming a respective vibrating plate for the or each channel constituted by at least one wall
thereof;
(©) bonding said nozzle substrate to the surface of said first substrate in which said
10 respective channel or channels and said respective vibrating plate or plates have been formed
such that the or each channel is converted into an ejecting chamber and the or each ejecting
chamber is connected to a respective nozzle;
@) forming on a second substrate a respective electrode or respective electrodes
corresponding in number and position to the features formed in said first substrate in step (b),
15 said electrode or electrodes being for electrostatically deforming the or each vibrating plate
for ejecting ink drops;
(e) forming a dent or series of dents on at least one of said first substrate and said second
substrate for the purpose of maintaining a gap of a thickness of at least 0.05¢m and no more
than 2.0 um between the or each vibrating plate and its corresponding electrode when said
U 20 first and second substrates are bonded together;
® bonding said first and second substrates by an anode bonding method to form the or
each vibrating chamber with a passage connecting it to the outside of said first and second
substrates at a location or locations where the or each vibrating plate is opposed by a-
respective electrode, the or each vibrating chamber having a said dent constituting part of its
25 wall, |
characterised in
(g)  sealing the outlet of the or each passage connecting the or each vibrating chamber to
the outside of the substrates after the anode bonding of step (f).
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- 94 - - Eval uati on: As can be seen fromthe results of
Tabl e 7, t he nonwoven fabrics for separator of non-aqueous el ec-
trolyté battery which were prepared in Exanples 76-87, 89 5 and 91
according to the present invention were superi oSubstitutenshesatt-28 July 1999

processability such as rollability with elec- trodes, and non-aqueous
el ectrolyte batteries superior in. battery characteristics and battery
storage characteri s- tics could b8-nade. Furthernore, since the

nonwoven 10 fabrics contained organic fibers at |east a part of which
were fibrillated to 1 [err]mor less in fiber dianeter, .
The method of the present invention may include a vibrating plate forming step carried

out 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 second silicon substrate.

Wh

The ink jet head may have the second electrode integrally formed in the vibrating plate
s0 as to keep the gap between the opposing distance or parts. The second electrode is formed

with p-type or n-type impurities.

o
0 The gap distance holding means of the ink jet head of the present invention may be 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 may be
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there were formed no pin holes whi ch cause internal 'short-circuit.

Si nce the nonwoven fabrics of Exanples 76- 87 cont ai ned- whi skers and

t he nonwoven fabric of 15 Exanple 89 contained p-aranid fibers, they were
excel | ent in heat resistance and did not shHeubstitute sheet o28ndulyol 999
mel ting of the fibers even when battery tenperature rose =~ due to
external short-circuit. Thus, ignition of batter- I es coul d be

i nhi bited. The nonwoven fabric of Exanple 20 87 had a whi sker content of
90% and it was low in strength and, somewhat inferior in battery
processability and battery char actettsti cs. On the

ot her hand, tprodugaden 4 HApatiexing pPrRAAAA-e 88 was conposed of only the
whi skers having no 25 _  self-bindipng power, and therefore it was very | ow
in - According to further variants of the ink

jet head of the pre'sent invention, the vibrating plate

may be formed by a n-type impurities layer or a high

density p-type _impufities layer. A driving wiring

layer containing the second electrode may be formed by a

high density p—-type impurities layer.

The first substrate may be-a silicon substrate of crystal face direction (110) )
and made by epitaxially growing a n—type impurities
laver on a p-type silicon subst;ate.
Another variant of the ink jet manufacturing

methbd has a step of forming a n-type impurity la?er
on a p—tﬁrpe 'silicon substrate_{ and a step of forming
the vibrating plate by carrying out an electrochemical |
anisotropy etching_ process on the silicon substrate.

o Accgrding to still another variant of the ink

jet héad manufacturing method of the present invention,
tgg 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 vibrating plate may have a step for controlling 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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strength and was fragile. Thus, processing to battery was i npossi bl e.

Accordi_ngly, non-aqueous el ectrolyte batteries could not be nmade using
t he nonwoven fabric. o - 95 -

Since the nonwoven fabric of Exanple 90 con- Substitutedsheetr-028 gy 1999
fibers, it was superior in heat resis- tance, but there were fornmed
pi n holes, and internal short-circuit occurred in the non-aqueous

electrolyte 5 batteries nmade using-tlBi-s nonwoven fabric and this sone-
times led to ignition. _

According to still another variant of the ink jet head manufacturing method of the
present invention, the anode bonding process for anode bonding the first substrate having the
vibrating plate formed thereon and the second substrate having the electrode driving the

vibrating plate may comprise a step for forming a common electrode adapted to be connected

5 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 step for separating the common electrode from the electrode
driving the vibrating plate after the anode-connecting process.

0 In another variant of the ink jet head of the present invention, the opposed distance
holding mean is a photo~sensiiive 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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Si nce the nonwoven fabric of Exanple 91 con- tai ned m cro-glass
fibers, it was superior in heat resis- tance, but because the

m cro- gI ass fibers contained 10 sodi um oxide which hinders the batte
reaction, the sodi umion was repl aced wi t HSubstitutersheet «28i MVsl%g%ge
and non-aqueous el ectrolyte batteries made using this nonwoven fabric
wer e somewhat inferior in battery storage - characteristics. 15
Exanpl e 92 70% of p-aram d fibers at |east a part of

which were fibrillated to 1 [err]mor less in fiber dianeter ( TYARA
KY- 400S manuf actured by Daicel Ltd.) -a3d 30% of core-sheath conposite

fibers compiiyiiag Ral yRRGRY! cBEnABEt13R BekvEbHY aee (MR Hrapsviaceured by
Dai wa Spi nni ng CY

prov1ded with the vibrating plate formed thereon and the
second substrate provided with the electrodé . 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 membi'ane

due to static electricity attractive force.

As a result, genération of electrode melting and
remaining .stress c;f the vilﬁrating plate is fortunately
prohibited from happening. |

Due to a formation of the ﬁassage on the gap
portion between the vibrating plate and the electrode
so as to lead to the outside, it is possible to pfevent
pressure in the gap space owing ro heating process - of
the anode-connection from rising, keep the gap length a_lt
the predetermined one, and prevent a generation of
\_‘, -remaining stress in the vibrating plate and a contact

between the vibrating plate and electrode. 1In addition,
the outlet of the passage is sealed by the sealing member after the anode-connection process
is done and the temperature of the whole construction of the ink jet head lowers to a room

temperature preventing dust from invading into the gap space.

4. Brief Description of the Drawings
Figures 1 to 30 and 33 to 35 show examples of ink jet heads which are useful for an
understanding of the invention. The invention is depicted in Figures 31 and 32. In particular:

Fig. 1 is an exploded perspective view of a first
: ‘This is the replacement sheet
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Ltd.; 2 d X5 mmin fiber |ength) as other fibers were di spersed .in
water to prepare a slurry. The slurry was subj ected to wet paper
maki ng “process by a cyl i nder paper - machi ne to nake a nonwoven fabric
of 30 g/nferr] in basis 25 weight for separat orSuﬁstﬂuteslqemu%ehﬂvtVSQQte
battery. Then, this nonwoven fabric was subjected to a hot

cal ender treatnent at 130 C to adjust the thickness to

- 96 - 125 [err]m This nonwoven l#abri ¢ had no pin hol es.

example of an ink jet head useful for understanding the present invention;

Fig. 2 is a section side elevation of the first example;

Fig. 3 is a A-A view of Fig. 1, _

Fig. 4 is an exploded perspective view of a second example of an ink jet head useful
5 for understanding the present in?ention;

Fig. 5 is a sectional side elevation of the second example;

Fig. 6 is a B-B view of Fig. §5;

Fig. 7 is an exploded perspective view of a third example of an ink jet head useful for

| understanding the present invention;

\1) Fig. 8 is an enlarged perspective view of a part of a third example;
Fig. 9 is a manufacturing step diagram of the first substrate of the third embodiment;
Fig. 10 is a view showing a measurement of a part of the vibrating plate of the third
example;
Fig. 11 is a manufacturing ste;i diagram of the second substrate of the third example;
15 Fig. 12 is a perspective view of the first substrate of a fourth example of an ink jet
head useful for understanding the present invention;
Fig. 13 isa manufacturing step diagram of the
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Exanpl e 93 30% of pol ypropyl ene fi bers at least a part of
which were fibrillated to 1 [err]mor less in fiber dianeter 5 (TYARA
KY-430S manuf actured by Daicel Ltd.) and 30% of _ .pol ypropyl ene fibers
(Pz manufactured by Daiwa Spinning Co., Lt dSuybstitBtalshéetm2BnJudlybE999
| engt h). and 40% of core-sheath conposite fibers conprising
pol ypr opyl ene and pol yet hyl ene (NBF-H manuf actured by Dai wa Spi nni ng
Co., 10 Ltd.; 0.7 d, 5 mmin fiber |Iendbh) as other fibers were
di spersed in water to prepare a slurry. The slurry was subj ected to
wet paper meking process by a cylinder paper machi ne to nake a
nonwoven f abfitse suistrate of /the fourth examplasi s wei ght and 105 [err]mthick
for separator of pon-aqueous .15 electrolyte_batiery. This nonwoven fabrjc
had noppi n Fig. 14 i an exploded perspectTiW view of anaml( ?et)ﬂead accordpng 10 fitth examp{e
useful for understanding the present invention;
Fig. 15 is a manufacturing step diagram of the first substrate according to the fifth
5 example; _
Fig. 16 is a perspective view of the first substrate of the ink jet head according to a
sixth example useful for understanding the present invention;
Fig. 17 is a manufacturing step diagram of the first substrate according to a sixth
w example useful for understanding the present invention;
10 Fig. 18 is a view showing an electrochemical anisotropic etching process applied to
the sixth example; ) | -
Fig. 19 is a perspective view of the first substrate of an ink jet head according to a
seventh example useful for understanding the present invention;
Fig. 20 is a manufacturing step diagram of the first substrate of the seventh example;
15 Fig. 21 is a perspective view of the first substrate of an ink jet head according to an
eighth example useful for understanding the present invention;
Fig. 22 is a manufacturing step diagram of the first substrate according to the eighth
example;
Fig. 23 is a relationship view of boron density and etching rate at an alkali anisotropic
0 etching process;
Fig. 24 is a section view of an example 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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hol es. Exanmpl e 94 A nonwoven fabric of 25 g/nferr] in
basi s wei ght was made in the sane manner as in Exanple 93. Then, this
20 nonwoven fabric was subjected to a hot cal ender treatnent at 130 C
to adjust the thickness to 61 [err]m This Substitvtenshiedir- 28 hiady 1998 n
hol es. . Exampl e 95 A nonwoven fabric of 25 g/nferr] in
basis weight 25 was nade in the sane nmanner as in Exanple 93. Then, this

connecting apparatus above;
Fig. 26 is a sectional yiew of another 'example of an anode connecting apparatus;
Fig. 27 is a plan view of the anode connecting apparatus shown in Fig. 26;
Fig. 28 is a plan view of still another example of anode connecting apparatus;
5 Fig. 29 is a plan view of the second substrate shown in Fig. 28;
Fig. 30 is a sectional view showing still another example of an anode connecting
apparatus; |
Fig. 31 is a sectional view of an embodiment of a dust prohibition method of the

present invention;

10 Fig. 32 is a plan view of the embodiment shown in Fig. 31;
Fig. 33 is a sectional view of another example of dust prohibition; B
Fig. 34 is a sectional view showing another example of a distance holding means; and
Fig. 35 is a schematic diagram of a printer with an ink jet head of the first example.
W/
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-97- nonwoven fabric was subjected to a hot cal ender treat ment

at 130 _ Cto adjust the thickness to 42 [err]m This nonwoven fabric
had no “pi n hol es. Exanpl e 96 5 50% of pol yet hyl ene
fibers at |least a part of whi ch were fibrilSubstituteosheéter 2Bndudy 1389
in fiber dianmeter ( TYARA KY-420S manufactured by Daicel Ltd.) and 50%
of core-sheath conposite fibers conprising polypropyl ene and

pol yet hyl ene (NBF-H nmanufactured by Dailda Spinning Co., 10 Ltd.; 0.7 d X
5 min fiber length) as other fibers were di spersed in water to

prepare a slurry. The slurry was '
5. Detailed Explanation of the Preferred Embodiments

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

be explained with reference to the examples illustrated in the accompanying drawings.

5
(Example 1)
" Fig. 1 is an exploded perspective view showing an ink jet head according to a first
example useful for understanding the present invention and a part of the head is shown in a
W section. The first example is an ink jet head of an edge ink jet type wherein ink drops emit

10 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 along the arrows
A-A of Fig. 2. The ink jet head 10 of this example has a laminated structure of three
substrates 1, 2 and 3, respectively having a construction as described below.

15 The first middle substrate 1 is of silicon and has a plurality of nozzle grooves 11
placed at an end of the face of the substrate 1 and at a regular interval in parallel to each
other, ending with a plurality of nozzle holes 4, a plurality of dents or concave portions 12
constituting emitting chambers 6 respectively led to each nozzle groove 11 and having their
bottom walls of the vibrating plates 5, a plurality of their grooves 13 of ink flowing inlets
7 constituting orifices 7 at rear portions of the concave portions 12, and a dent or concave

portion 14 of a
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subj ected to wet paper naking process by a cylinder paper machine. to
make a_nonwoven fabric of 26 g/nferr] in basis wei ght for separator of
non- aquieous el ectrolyte battery. 15 Then, the nonwoven fabric was

subj ected to a hot cal ender treat nent at 18ubStituteasheett- 28ulni1l@98ss
to 70 [err]m Thi s nonwoven fabric had no pin holes. Exampl e 97
A nonwoven fabric of 26 g/nferr] in basis weight 20 was made in the sane
manner as in Exanple 96. Then, this - nonwoven fabric was subjected to a
hot cal ender treatnent at 120 Cto adjust the thickness to 46 [err]m
Thi s nonwoven fabric had no pin-H8l-es.

common ink cavity 8 for supplying ink to respective
emitting chambers 6. Also, there are dents 15 on the
lower portions of the vibrating plates 5, which dents
constituting vibrating chambers 9. Electrodes are

mounted in the vibrating chambers § as described below;‘

A distance holding means is
constituted by the dents 15 used as vibrating chambers
formed on the bottom face of the first substrate 1 in
order to make the ;zpposed. distance betweeg the vibratin_;
plate 5 and an electrode oppbsitely placed to tﬁe
plate, or a 1length of the gap portion (see Fig 2,
hereinafter referred to as gap length) idéntical with a
difference Dbetween a depfh of the dent 15 and a
-_thickness of the electrodg., According to the
example, the dent 15 is etched to have a depth of
0.6um. A pitch of the nozzle grooves 11 is 0.72mm
A and a width of the nozzle groove 11 is 70um.

The second substrate 2 attached to the bottom féce
of the first substrate 1 is made of (boro-silicated
glass) and these attached substrates 1 and 2 constitute
a vibrating chamber 9. At respective positions of the
second substrate 2 corresponding to respective
vibrating plates 5, gold of a pattern similar to the
shape of the vibrating plate is spatted with a thickness

of O.1lum in order to obtain a golden pattern of a

shape almost identical with fhat of the wvibrating plate
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Exanple 98 25 Pol y- p- phenyl enebenzobi soxazol e fi bers (PBO

- 98 - . manuf act ured by Toyobo Co., Ltd.) were dispersed in water

at a concentration of 2% The dispersi on was i nt roduced into a

hi gh- pressure honogeni zer and repeatedly passedSubstltmﬂeeslmd’tr—oZ@hlulmd@QQa
pressure of 300 kg/cnferr]to fibrillate 5 the fibers. 50% of the thus’
obt ai ned pol y- p- phenyl enebenzobi - soxazol e fibers at |east a part of
which were fibrillated to 1 [err]mor |ggs in fiber dianeter

5. It is an electrode 21 having a lead 22 and a
terminal 23. A boro-silicated glass spattering film
covers the second substrate 2 excepting the_ele‘ctrode
terminals 23 with a thickness of 0.2um. It is a
dielectric layer 24 preventing dielectric breaks and
short circuits ‘when the ink jet head is driven. The
dielectric layér' 24 may consist of silicone compound.
The third substrate 3 attached to an upper face of
W, . the .first substrate 1 is madé of boro-silicated glass
‘ 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. Thé ink supply opening 31
is connected to an ink tank_ (not shown) fhrough a
éonnecting pipe 32 and a tube 33.

Next, the first substrate 1 and the 'secohd
_ substrate 21 are anode bonded by impressing a voitage _
(% of 500V at a temperature 300°C to them. With the same
c%pdition above, the first substrate 1 and the third
substrate 3 are connecfed and the ink jet head shown in
Fig. 2 is assembled.  After an énode bonding, a
difference between the depth of the dent 15 and the
thickness of the.éléctrode 21 is the gap length between
the wvibrating plate 5 and an electrode 21 on the second
substfate 2 is made 0.5 um. A space distahce G1
between the vibrating plate 5 and the dielectric layer

24 on the electrode 21 is made 0.3 um.
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and 50% of core-sheath conposite fibers conprising pol ypropyl ene and
pol yet hyl ene (NBF-H manufactured by 10 Daiwa Spinning Co., Ltd.; 0.7 d X5

mmin fiber |ength) as other fibers were dispersed in wat er to prepare
a slurry. The slurry was subjected to wet [Sybstituteksinget - 28 Julpd€a9 by
a cyli_nder paper nachine to nake a nonwoven fabric of 30 g/nferr] in
basi s wei ght for separator of 15 non-aqueous el ectrolyte battery. Then,

t hi s nonwoven fabric was subjected to a hot cal ender treatnment at 140
C to adjust the th| ckness to 51 [e,rr] m Thi s nonwoven fabric had
no pin holes. Exanpl e 99 20 20 35% of the mcro-glass

fibers used in ExAfpee the inkogetofheadydsopdsearbisders HAe3eaRed part

of which . . .
above, oscillation circuit 102 is connected between the

substrate 1 and -a terminal 23 of the electrode 21
through a wire 101 in order to form an ink -jet
recording appara_tus.' Ink 103 is supplied to an
interior of the substrate 1 from an ink tank (not shown)
through the ink sﬁﬁply port 31 and the ink cavity 8
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 will

be explained. First, pﬁlse voltage of OV to 70V is
impressed to the electrode 21 by the oscillation
ciz;cuit 1(:32 and .a' surface of_ 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 wvibrating pla;e 5 bends downward by sucking
effect of static electricity. Next, the electrode 21
ig made off, the vibrating plate 5 returns to its
'original position. 'Thus, pressure in the émitting
chamber 6 abruptly rises and an ink drop 104 is emitted
onto the recording paper 105 through the nozzle hole
4. Then, f.:he vibrating plate 5§ again bends downward
and ink 103 is supplied to the emitting chamber & from
the ink cévify'a'through the orifice 7.

According to experiments carried out by the inventor,

“Thia is the rsplacement sheet
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were fibrillated to 1 [err]mor iess in fiber dianeter (TYARA KY-430S

manuf act ured by Daicel Ltd.) and 40% of core-sheath conposite fibers
conpri sing pol ypropyl ene and 25 pol yet hyl ene (NBF-H manuf actured by Dai wa
Spi nni ng Co. , Ltd.; 0.7 d X5 nmin fiber |Subgtithteashedthe28fJuigrioogere
di spersed in water to prepare a slurry. The slurry was -

- 99 - subj ected to wet paper naking process by a cylinder paper
machi ne to nake a nonwoven fabric of 25 g/nferr] in basis wei ght for
separator of non-aqueous el ectrol yte ba;lt ery. :

the ink jet head 10 is assembled to a printer as shown at Fig. 35, 5 KHz drive

power flies ink drops with a speed 17m/sec ‘onto the
recording paﬁer. Resulting printing efficiency was
very. good _with such low voltage for driving or flying
ink drops, in Fig. 35, numeral 300 is a platen, 301 is
a ink tank, and 302 is a carriage of the ink head 10.

When the gap length between the vibrating plate 5. and

the electrode 21 is 2.5 unm, drive voltage was
unpractically mor.e than 250V. )
(Example 2)

Fig. 4 is an exploded perspective view of an ink jet head according to a second |
example useful for understanding the present invention and a part of the ink jet head is
show_n- by breaking in section. The ink jet head shown
is éf a face ink jet type having nozzle holes formed at

\/ a face portion of a substrate, through which holes

ink drops emit. Fig. 5 shows a sectional side

elevation of the whole construbtion of an assembled

ink jet head and Fig. 6 shows a sectional view taken along a B-B line in Fig. 5. Hereinaﬁer,
the part or members of the ink jet head identical with or similar to that of example 1 will be

_ explained with the identical reference numbers of the example 1.

The ink jet head 10 of the second example is

Thia-is the 1eniscement sheet
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Then, the nonwoven fabric was subjected to hot cal ender 5 treatnment at

130 Cto adjust the thickness to 45 [err]m Thi s nonwoven fabric had
no pi n hol es. Exanpl e 100 35% of the mcro-glass
fibers used in Exanple 4, '25% of pol yet hyl ﬁwsltlmbterweaat-lzasluhﬁ 1299
of whi.ch 10 were fibrillated to 1 [err]mor less in fiber dianeter
(TYARA KY-420S manuf actured by Daicel. Ltd.) -and 40% of core-sheath
conposite fibers conprising polypropyl ene and pol yet hyl ene ( NBF-H
manuf act ured by Daiwa Spi nning Co., LLtd.; 0.7 d x 5 mmin fiber

| ength) as other fibers were 15 dlspel"sed in water to prepare a slurry.
The slurry wesdapted st eetit tiaknwedrqEpethrakighy precaozzde aheyeender

Paper formed in a face of the third substrate 3.
The first substrate 1 of this second example is
made of a silicon Af crystal face direction (110) of a
thickness 380 um. The bottom wall of the dent 12
coﬁstituting the emitting chamber 6 is a vibrating
plate 5 of a thickness 3um. There is no dent of the
W vibrating chamber of the first example at the lower

portion of the vibrating plate 5, instead the lower

face of the vibrating chan-lber 5 of the second example
is a flat and smooth face polished or finished as a
mirror.

" The second substrate 2 attached to the bottom face
of.the first substrate 1 is made of Boro-Silicated glass
as that of the first example. The gap length Gis .
formed on the second substrate by a dent 25 formed by an

_ etching' process of 0.5 um in order to mount the
g; electrode 21. The_dent 25 is made in a patte?n larger a
little than a shape of the electrode in order to mount-
tq§ electrode 21, lead 22, terminal 23 in the dent 25.
The electrode 21..33 made 'by spattering ITO of O.1ium
thickness in the dent 25 to form ITO pattern, and gold
used to bondings are spattered _only on the terminal 23.
Except for the electrode terminal 23, Boro-Silicated
glass spatter film is covered on a whole surface with
a thickness 0.1 ﬁm qaking a dielectric lavyer 24. In

Fig. 4, the dielectric layer 24 is. drawn as a flat

This i3 the replacement sheet
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machi ne to make a nonwoven fabric of 25 g/nferr] in basi s wei ght for

separator of non-aqueous el ectrolyte battery. Then, the nonwoven
fabric was subjected to hot calender 20 treatnment at 120[err]C to adjust
the thickness to 40 [err]m Thi s nonwoven Sutistitutersheeb- g8nJuly| E299
Exanpl e 101 35% of the mcro-glass fibers used in Exanple
4, 25% of pol y-p-phenyl enebenzobi soxazole fibers at least 25 a part of.
which were fibrillated to 1 [err]mor less in fi ber diameter and which
were prepared in Exanple 98 and
.- -23 -
shape. In fact, the dielectric layer 24 has dents 235

formed in the flat surface.

.Consequently, ac_cording to the second -efnbodiment,
the gap lenéth is 0.4um and the space distance Gl is O._3’
um after an anodic bonding.

- The third substrate 3 a#tached to the top face of
the first substrate 1 is  made of SUS plate of a

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

~ there are nozzle holes 4 respectively led to the
dent 12 ¢of the eﬁitting chambers. The ink supply pd;t
31 is formed so as to be led to thé dent or concave 14
of the ink cavity.'

When the ink jet head 10 of the second example is

used and a plate voltage.cf OV to 100V is impressed from
the oscillation circuit 102. to._the electrode 21, algood
pfinting ‘efficiency corresponding to that of thé first
example is obtained. When thé ink jet head provided

;j' -~ with a gap length G of 2.3 um is used, the driving

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

is not practical in the printer.

(Example 3)
Fig. 7 shows an exploded perspective view of an ink jet head according to a third
example useful for underétanding the present invention and a part of the head is shown in

section. Fig. 8 is an enlarged perspective view of a part of the ink jet head.

This is the repiscement sheet
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- 100 - 40% of core-sheath conposite fibers conprising

pol ypropyl ene and pol yet hyl ene (NBF-H manuf actured by Dai wa Spi nni ng
Co., Ltd.; 0.7 d x 5 mmin fiber |ength) as other fibers were

di spersed in water to prepare a 5 slurry. The Substitytevelteetub2® Jubyl 11999t
paper:. maki ng process by a cylinder paper machine to make a nonwoven
fabric of 30 g/nferr] in basis weight for separator of non- agueous

el ectrolyte battery. Then, the nonwoven fabric was subjected to hot
cal ender treatnent at 140[err]C 10 iw4adjust the thickness to 49 [err]m

Thi s nonwoven fa E:ti:()cx'ding totggglipdoe)&imglehggtﬁginkjet Exanpl e 102
' head, the gap length holding means is formed by sio,
membraneé 41 and 42, respectively and previously formed
at the space between the first substrate 1 énd the
second substrate 2. '~ These ,Sioz membranes 41 and 42
function as gap épacers. The first substrate 1 is made
~of a single crytal silicon wafer of a crystal face

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

g a part corresponding to the vibrating plate 5, the SiO2
membréne 41 of, for exaﬁple, a fhickness 0.3 um is
formed. Similarly, the second substrate 2 is made of a
single crystal silicon wafer of a crystal face direction
(100). SiO2 mémbrane 42 of, for example, 0.2 um is
formed on the upper face of the second substrate 2
except the electrode 21. o -

‘As a result; the gap length between- these

substrates 1 and 2 becomes 0.5um (see Fig. 8).

o Fig. 9 shows the manufacturing steps of the first

substrate according to the third example useful for understanding the present invention.

First, both faces of the silicon wafer of a
crystal face direction - (100) are mirror-polished in
order to make a silicon sﬁb’strate 51 of a thickness
200 um (see Fig. 9(a}). The silicon substrate 851 is
treated with thermal oxidization treatment in oxygen and
steam atmosphere of a temperature 1100°C _for 4 hour_s in

order to form a ' Si02 membranes 41a and 41b of a

Tria i the replecement sheet
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50% of pol ypropyl ene fibers at |east a part of. which were fibrillated
to 1l [errlmor less in fiber dianmeter 15 (TYARA KY-430S ranuf act ured by
Dai cel "Ltd.) and 50% of core-sheath conposite fibers conprising

pol ypr opyl ene and pol yet hyl ene (NBF-H manuSabstitete sheebai 28 Juby msgeg
Co., .. Ltd.; 0.7 d X5 mmin fiber Iength) as other fibers were
dispersed in water to prepare a slurry. The slurry was 20 subjected to wet
paper naking process by a cylinder paper machi ne to nake a nonwoven
fabric of 25 g/nferr] in basis meight for separator of non-aqueous

el ectrolyte battery. Then, the no en fabric was subjected to hot
cal ender thiglomsent 1 at ui400€ tbosllj ushet héachBEckadss the 4Gildadmm 25

Thi s nonwoven fabric had no pin holes.

substrate 51 (see Fig. 9(b)). SiO memh;anes' 41a and

2
41b function as an anti-etching material.

Next, on the upper face of the 5i02 membrane 4la,
a photo—-resist pattefn'(not shown) having a pattern of
.nozgie 4; emitting chamber 6, orifice 7 and ink cavity
8 is formed. The'éxposed'pgrtion of the SiO2 membrane
k_/ 4l1a is etched by fluoric acid etching agent and the
photo-resist pattern is. removed (see Fig. 9{(c}).
Next, the silicon substrate 51 is anisotropy
etched by alkali agent. When single crystal silicon is
etched by alkali, such-as'kalium hydroxide solution and
hydradin, etc. as well known, difference between etching
speeds on various crystal faces of the single crystal
silicon is_lafge, thereby it is _possible to carry out
anisotropy etching on them. In practice, because the |
etching speed of (111) crystal face is the least or the
" lowest, the crystal face (111) is remained after the
etching preocess is finished.
According to the third example, caustic potash
solution containing isopropyl élcohol is used in the
etching treatment. Because mechanical deformation
characteristics of the vibrating plate is determined 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.
This is the replacement sheet
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- 101 - Exanpl e 103 50% of pol yethyl ene fibers at | east
a part of which were fibrillated to 1 [err]mor less in fiber dianeter
( TYARA" KY-420S manuf actured by Daicel Ltd.) and 50% of 5 core-sheath

conposite fibers conprising pol ypropyl ene and Substitytet sheedre28 NBlky 11999

nmanuf act ured by Daiwa Spinning, Co., Ltd.; 0.7 d X5 nmin fiber Iength)
as other fibers were di spersed in water to prepare a slurry. The slurry
was subj ected to wet paper naking process by a cylinder paper 10

machi ne to make a nonwoven fabric of 236g/nferr] in basis

According to the third example, a width h of the vibrating plate 5 is 500 »m and its thickness

is 30 um (see Fig. 10). .
direction, (111) face crosses structurally with (100)
face of the substrate at an angle of about 55°, so that
.when'the sizes of the vibrating plate to be formed in
the silicon substrate of (100) face direction are

-/ determined, the mask pattern size of anti-etching

material is primar@ly determined with reference to the

thickness of the first substrate. As showﬁ_in Fig.10,
the width d of the top opening of the emitting'chamber

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 p;ocess; (111) face is a- little

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

becomes a little larger than the mask ﬁattern width d 1.

Consequently, it is ﬁecesary to make the mask pattern

wigth d 1 small by a part corresponding to that of (111)

face 12a undercut, so that it is 730 um in the third

embodiment of the present invention and the
predetermined length (170 wum) is etched. by alkali

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

Next, SiO2 mémbrane 41b on the bottdm face of the
silicon substrate 51 is patterned. The thickness of

the Si02 membrane 41b was 1 um at the stage Fig. 9(b).

This is tha replscement sheet
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wei ght for separator of non-aqueous el ectrolyte battery. Then, the
nonwoven fabric was subjected to hot cal ender treatnent at 130[err]Cto
adj ust the thickness to 40 [err]m Thi s nonwoven fabric had no pin

hol es. 15 Exanpl e 104 90% of  aBulystituté ishess - QeoDig! 1999
manuf act ured by M t subi shi Rayon Co., Ltd.; 1 d X5 mmin fiber

| engt h) and 10% of core-sheath conp05|te flbers conpri si ng
polypropylene and pol yet hyl ene (NBF-H manufactured by 20 Daiwa Spinning
Co., Ltd.; 0.7 d X5 mmin fiber length)_,4 mere di spersed in water to
prepare a slurry. The slurry was sug ecte to wet paper making process

by a cyli ndgrlnal}alkéléﬂéhsmﬁ%}’kﬁt?mnﬁlﬁmﬁﬁﬁ?é ven fabric of 20 g/nferr]
in basi s ga §Nten@NG 1%} [Tl 44¥ kaé‘eér%ﬁé& SR8 Pf Qbiution

and its thickness decreased to 0.3 um. According to
the third example an etching rate of the SiO,
membrane is very small, so a reproductivity of decrease
in a.thickness .of the Si()2 .membrane 41b. is good and
uniform.
Next, a photo-resist pattern (not shown) of a
. shape corresponding to the vibrating plate 5§ is formed
on the s;i.D2 mémbfane 41b(41), the exposed portion of the
SiOz' membrane 41b is etched by fluoric acid etching
solution so as to remove the photo-resist pattern.
Simultaneously, all material of the SiO2 membrane -41a
remained o? the upper fgce of the substrate 351 is
removed (see Fig. 9(2)). . -
After such - steps are finished, the first substrate

1 shown in'Fig. 7 is completed.

" Next, the manufacturing steps of the second substrate according to the third example

will be explained with reference to Fig. 11.

Fig. 11.

First, both faces of a n-type silicon substrate
62 of (100) face direction are mirror-polished and heat
and oxidization treatment is dgne on the substrate 52
in oxygén and 'éteam atmqsphere at 1100° C for a
predetermined time in order to form the SiO2 membranes

42a and 42b on both the faces of the silicon substrate

TH i 1he rspiscement shael
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25 non-aqueous el ectrolyte battery. This nonwoven fabric had pin
hol es. [err] - 103 -

Eval uati on: Si nce the nonwoven fabrics contained organic

fibers at least a part of which were fibrill ate&ubstitufecsidet- 28 Judy 1199
in fiher dianmeter, there were no pin holes which 5 cause internal
short-circuit. ' -

-23;
52 (see Fig. 11(a)).

Next, a photo-resist pattern (not shown)
corresponding to the shape of the electrode 21 is
formed on the upper SiO2 membrane 42a and the exposed

.portion of the SEOZ membrane 42a is etched by fluoric
acid etching .solution to remove the photo-resist
pattern (see Fig. 11(b)}.

In the next step, the exposed Si portion 43 of the
silicon substrate 52 is boron—-ddped. A boron-doping
process is shown below. The silicon substrate 52 Tis
held in a gquartz tube through a quartz holdgr, steam
Qith_ bubbled BBr3 of N2 carriers is led +together with
Qz into the gquartz tube. After the silicon substrate 52
is treated at 1100°C for a predetermined time, the
substrate 52 is lightly. etched _by fluoric acid etching
agent, then drivpn-ip within 02. The exposed paft‘bf
Si 43 is a p-~type layer'44 (see Fig. 11(c)). The p-
type layer 44 functions as the electrode 21 as shown in
Fig. 7. | _

( In the step of Fig. 11(c¢), the thickness of the
SiO2 membranes 42a and 42b on the upper facé of the
silicon substrate 52 increases, so in the third
example the thickness of the SiO, membrane 42a is
made to increase to O,Zum. Next, a photo-resist patfern
(not shown) corresponding to the shape of the p-type
layer 44 (electrode 21) is formed and the exposed ones

of the Si02 membrane 42a are etched by fluoric acid

This is the rgplacement sheet
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The nonwoven fabrics for separator of non- aqueous el ectrol yte
batteries of Exanples 93-101 had a void content of 35-80% and hence
were suaperior in . retention of electrolyte. Furthernore, since they had
a 10 gas perneability of 100 mrHg or hi gher, t Sepstititessheati-i28 July 1999
penetration of electrolyte. On the other hand, since the
nonwoven fabrics " of Exanpl es 102 and 103 were subjected to severe hot
cal ender treatnent, they were high in uniformty, but 15 becane filny and
inferior in penetratlon of electrolyt§ ~and retention of electrolyte.

Si nce the nonwoven fabric of Exa D2 did not contain organic fibers
at | east aepehingf agsinth nemaying ﬂhquﬂﬂ%ﬁeﬁ}§<)E?QQ%N]rn?ﬂ“#es§h¢n fiber

di aneter, it had
second substrate 2 shown in Fig. 7 is obtained.

According to the .ink jet head of the third
example useful for understanding the present invention, the size of the |
gap 'length G between the vibrating plate 5 and the
electrode 21 is determined to 0.5 um on the basis of an
ink emitting characteristic of the ink jet head.
Because the thickness of the SiO2 membrane 41b of the
.first substrate 1 is 0.3 um as mentioned above, the
process is carried out so that the thicknesé of the
'SiO2 membrane 42a in the step of Fig. 11 (c) Dbecomes
0.2um.

The substrate 1 and 2 formed according to the steps
above are ;joined by‘ a Si-Si direct connecting method
making the head canstrudtion as?sbokn enlargely in Fig.
8. The joining steps will be described.

First, the silicon substrate 1 is washed with a
\;; mixture of sulfuric acid and hydrogen peroxide of'100°C,

then positioﬁs of the corresponding patterns of both the
su?strates 1 and 2 are matched, and finally they are
piled each other. Afterythat, both the subtrates 1 and
2 are thermally treated at a temperature of 1100°C for
one hour obtaining firm combination of them.

The sizes of the Qap 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 um.

Thia i5 the repiscement sheet .
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20 pin holes and, furthernore, since the nonwoven fabric cont ai ned

acrylic fibers having a |large fiber dianeter, It was non-uniformin
t hi cknéss and was sonmewhat inferior in battery processability such as
rollability with el ec- trodes as conpared wSubstitutersheate28 taby 1099

made ‘in 25 Exanples 92-101, and was inferior in penetration of
el ectrolyte and retention of electrolyte.

- 104 - Exanpl e 105 ' 50% of m cro-glass fibers used in
Exanpl e 4 -30- '

When the ink jet heads are driven with 100V and 5 KHz,
ink drop emitting spee&s are scattered in a range of

8 + 0.5 um/sec. and ink drop volumes are distributed in
a range of (0.1 #* 0.01) «x 107% <cc. In a practical
printing test of the one hundred ink jet heads, good
results of printing are obtained.

According to the third example uséful for understanding the present
invention, a gaseous process using-BBr3 forms a p-tvpe
.layer and the electrode 21. However, the p—-type lavyer
forming method includes ones, such as an.iqn injection
method, a spih—-coating method .in which coating agent
B,O, scattered in inorganic solvent is spun, and
other method using a distribution source of BN (Boron
nitrogen) plate. . It is possible to use other elements
in group III,'such as Al, Ga .in_order to form p-type
lavyers.

It is also possible .to make the electrode 21 a n—~
type layer supposing that the silicon substrate 2 is a p-
type substrate. In this case, various doping methods
ar(e used, that is V group elements such as P, As, Sb and
thé like are doped making ‘the electr_ode 21.

According to the third example, the SiO,
membranes 41 and '42 form the gap portions. However,
be.cause it is possible if anyone of the Sit’)2 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

_ Thig 3 rha ranincament sheet
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(Q FI BER #106Q nanuf actured by Schuller Co., Ltd.), 35% of polyarylate
fi bers (VECTRAN manufactured by Kuraray 5 Co., Ltd.) and 15% of

pol yaryl ate pul p (VECTRAN manu- factured by Kuraray Co., Ltd.) as heat
resistant fibers were di spersed in water t@ybstitateesheet U28yJuly1999
slurry. was subjected to wet paper naking process by a cylinder '
paper machi ne to make a nonwoven fabric of 25 g/nferr] in 10 basis weight
and 90 [err]min thickness for separator of non- aqueous el ectrol yte
battery. Then, the nonwoven fabric was subjected to cal ender treatnent
at 40 Cto adj ust the thickness t 0330 [err]m This nonwoven fabric had

dents on the ofur fthee. géipe modwosROthebr imemixeare voray PR cammanedf b¥1y
Exanpl e 106 L. .
fluoric acid etching agent in a Si-Si direct connecting
process obtaining the gap.portion of the same mdterial.
In the third example, the SiO, membrane of the
gap spacer is gsed as an etching mask when an alkali
arisotrophy etchiné 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 degree, once all the SJ‘.O2
membi'ane is remov.ed by fluoric acid etching agent and
then a thermal oxidization process is used to form SiO,
membrane of a necessary thickness cﬁtaining a suitable
gap épacer.
In addition, accordiﬁg to the third example,
considéring the specification og the ink jet head, the
gap length is- determined temporarily to 0.5 um.
Howev_ei-, becaﬁse Si thermal oxidized membranes can be
\( manufactured precisely and easily until their
thicknesses reach 1.5 um, only controlling the thickness
QE the Si thermal oxidized membranes of the gap spacers
according to the specification in case that the
specified size of the gap length is 0.05 to 2.0 um
enables to obtain an ink jet head provided with the gap
portion having a precise measurement similar to that of

the third example. -

This is the réplacement sheet
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A nonwoven fabric of 25 g/nferr] in basis weight and 90 [err]min

t hi ckness was nade in the sanme nmanner as in Exanpl e 105. Then, this
nonwovén fabric was subjected to 20 hot calender treatnment at 50 Cto .

adj ust the thickness to 40 [err]lm BubspitetelSheet - 28 July 1999 A
nonwoven fabric of 25 g/nferr] in basis weight and 90 [err]min

t hi ckness was nade in the sanme manner as in 25 Exanple 105. Then, this
nonwoven fabric was subjected to hot cal ender treatnent at 150 Cto

adj ust the thickness ,
. -Jil-

(Example 4)

Fig. 12 shows a partly-broken perspective view of the first substrate used to the ink
jet head according to a fourth example useful for understanding the present invention. The
second substrate and the third substrate on which electrodes are formed are identical with that
of the third example described above and the explanations for them are omitted from the

\ specification.
According to the fourth example of the ink jet
head, a second elé_ctrode 46 consisting of a p—-type or n-—
type impurity laver is formed on the gap opposed face 45
of the vi'brating: 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 example is the space |
distance ' between the second electrode 46 and the
electrode 21 | on t.hé second substrate (see Fig. 7). The
g_; distance holding méans is '¢onstructed by the SiO2
membrane 41 formed on the bottom face of the first
substrate 1 in a manner described below and the second
.substrate of the third example. In this case too,

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

the SiO2 membranes.

The manufacturing steps of the first substrate of the fourth example useful for
understanding the present invention are shown in Fig. 13.

First, both the sides of a silicon wafer of n-type

This is the repiacement sheet

Date: % § Ju 1299



- 105 -

t hi ckness
separ at or

of

to 40 [err]m Exanpl e 108 - - A nonwoven
fabric of 25 g/nferr] in basis .weight and 90 [err]min thickness was
made in the same manner as in 5 Exanpl e 105. Then, this nonwoven fabric
was subjected to
to 40 [err]m . The nonwoven fabrics for

hot cal ender treatnent at SiilistRuteshééuspgtingdy 1999

‘non-aqueous el ectrolyte battery which were nmade in Exam

10 ples 106-108 had a void content of 64%

-~
-JJ -

(100) face direction are mirror-polished to manufacture

a silicon substrate 53 of a thickness 200 um (see Fig.

13(a)), the silicon substrate 53 is -~thermally

oxidization-treated in an oxygen-steam atmosphere at’

1100°C for 4 hpurs in order to form SiO2 membranes 41la
and 41b of thicknéss 1 um on both the faces of the
silicon substrate 53 (see Fig. 13b}}.

Next, on the lower §SiO membrane 41b, a photo-

2
resist pattern (ﬂot shown) corresvonding to the shapelaf

the electrode 46 shown in Fig. 12 and a lead {not shown)

is formed, and the exposed portion of the SiO2 membrane

41b

is etched and removed by' fluoric acid etching

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

Fig. 13(c)).
At the next stage, the exposed Si portion 47 of
the -

silicon substrate 53 is doped according to the

treatment process identical with that of the third

example useful for understanding the present invention in order to form a p-

type layer 48. 'The p-type laver 48 functions as the

second electrode 46 (see Fig. 13(4)).

A photo—-resist pattern is (not shown)

corresponding to the shape of the nozzle holes 4,

emitting chambers 6 and the like are formed on the upper

5102

membrane 4la. The exposed portion of the SiO2

membrane 4la is etched Yo remove the photo-resist

pattern (see Fig. 13(e)).
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Exanpl e 109 A nonwoven fabric of 25 g/nferr] in basis weight
and 90 [err]min thickness was made in the sane nmanner as in Exanpl e
105. Then, this nonwoven fabric was subjected to 15 hot cal ender treatnent
at 210 C. As a result, the nonwoven fabric Babstitutdishsees 280Juig51999
[err]m.and had a void content of 57% which was |lower than in anpl es
106-108. - Especially, the void content near the surface decreased.
Exanpl e 110 20 70% of the mcro-glass fibers used in Exanple
4 and 10% of polyarylate fibers (VECTRAN manuf actured by Kuraray Co.,
Ltd.) and 20% of polyaryl ate pul p (VECTRAN manuf act ured by Kuraray :
Co.l, Ltd.) ﬁs heathé edelaniing stépdelcr Wehe dhapefsechring\atperodesspr epare
a slurry. The

are identical with that of the third example of the

ink jet head and the SiO, membrane 41b is pattern-

2
treated so as to form thefvibrating plate 5, nozzles 4,
emitting chambers 6,'orifices 7, and ink cavity 8, and
gap portion between the vibrating plate 5 and the second.
substrate (see Fig. 13(e} to (g)).

W, Similar to that of the third example, various
methods can be used to form the electrode 46 and
various kinds of. dopants can be used to the dopiﬁé :
process.

According to the example, respective vibrating
plates 5 ‘has respective driving electrodes 46 formed
thereon, so it is possible to obtain a high speed
driving of. thé oscillation circuit, or a high prin’ging
speea of the ink jet head of the présent invention.
According to the third example, the highest

ia? driving frequency for - forming independently ink drops
was 5 KHz. However in the fourth example, the |
highest driving frequenéy. is 7 KH=z. Also, the lead
wires for connecting respective electrodes 46 and the
oscillation circuit are integrally and simultaneousl§
formed with the éigctrodes 46 attaining a compact and

high speed ink jet head.

(Example 5)
Fig. 14 shows a partly-broken exploded perspective
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25 slurry was subjected to wet paper naking process by a

- 106 - cyl i nder paper machine to nmake ‘a nonwoven fabric of 25 _
g/nmerf] in basis weight and 90 [err]min thickness for separa- - tor of
non- aqueous el ectrolyte battery. Then, the Substituwtersheet-i 28 Jaty 1999
subj ected to hot cal ender treatnent 5 at 150 Cto adjust the thickness
to 40 [err]m The nonwoven fabric had a void content of 68%
Exanpl e 111

-35-

view of the ink jet head of a fifth example useful for understanding the

present invention. . The ink jet head of the fifth
example has a structure basically identical with
that of the third example shown in Fig. 7 and has a
characteristic pf 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 substrate 1.

Fig. 5 shows the manufacturing steps of the first substrate according to the fifth example.

First, both faces o.f silicon wafer of (IQO)
face direction is micro-polished to manufacture a
silicon substrate 54 of a thickness 200 um (-s'ee Fig.
i15(d)), .and the silicon substrate 54 is thermally
oxidization-treated in an oxygen and ' steam atmosphere
at 110000, for 4 hours in order to form SiO2 membranes'
416 anid 41b of thickness 1 um on the siliccn substfate
54 (see Fig. 15(b)).

Next, a photo-resist pattern (not shown)
corresponding to the shapes of nozzle holes 4, emitting
chambers 6, etc. is formed on the upper SiO2 membrane
41a, and the exposed portion of the SiO2 membrane 41a
is. etched by fluoric acid etching égent_ in order to

remove the photo-resist pattern (see Fig. 15{(c)).

Thixz is the replscement sheet
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60% of the mcro-glass fibers used in Exanple 4 and 30% of

pol yphenyl ene sulfide fibers (manufactured 10 by Toray Industries, Ltd.)
and 10% of pol yarylate pul p (VECTRAN nmanuf actured by Kuraray Co.,
Ltd.) as heat resistant fibers were di speSthstitute shest -t%Sp?:-é\béﬁ@%
slurry. The slurry was subjected to wet paper naking process by a
cyl i nder paper machine to nmake a nonwoven 15 fabric of 25 g/nferr] in
basis weight and 90 [err]min thickness for separator of non-aqueous
el ectrolyte battery. Then, t he-d6érwoven fabric was subjected to hot
cal ender treat- ment at 150 C to adjust the thickness to 40 [err]m
The nonwoven fabric had a void content of 66% 20 Example 112

An anisotropy etching is carried out on the silicon by using alkali agent. According
to the anisotropy etching process described in regard to the third example, the nozzle holes
4 and the emitting chamber 6, etc. are formed and then the SiO, membranes 41a and 42b of
anti-etching material are removed by fluoric acid etching magnet (see Fig. 15 @)).

Next, boro-silicated (glass thin membrane 49

o/ funcfioning as a gap spacer precisely restricting the
distance between the vibrating plate 5 and the electrode
21 and as a combined layer 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
shépe of the Gibrating plate S;is forﬁed 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 :ace of the.silicon
substrate 54 (see Fig} 15(£f)), the silicon substrate 54
is(‘ sintered in organic solvent, is added with ultra-
saund vibration in order to remove the photo-resist
pattern 50. Consequently, a bqro—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. spattering conditions of the boro-silicated

glass this membrane 49 are éhown below.

Thiz is e rapiscemsent chget
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40% of the mcro-glass fibers used in Exanple 4, 20% of polyaryl ate
fi bers (VECTRAN manufactured by Kuraray Co., Ltd.) and 20% of

pol yaryl ate pulp (VECTRAN manuf actured by Kuraray Co., Ltd.) as heat
resistant 25 fibers, and 20% of pol yol ef i n fi b&ubstitige- élhemmﬂ&dw 61999
by Daiwa Spinning Co., Ltd.; 2 d X5 m) were di spersed

- 107 - I n vvater to prepare a slurry. The slurry was subjected

to wet paper meking process by a cyli+4B¥er paper machine to make a
nonwoven fabric of 25 g/nferr] in basis weight and

Corning Corporation made #7740 glass is used as a spattering target, a spattering
atmosphere is 80% Ar - 20% O, pressure Sm Torr, and RF power 6W/cm® is impressed.
Thus, 0.5 wm thickness glass thin membrane 49 is obtained.

5 The second substrate 2 and the third substrate 3 shown in Fig. 14 and used to assemble
the ink jet head are manufactured by the method of the third example. The first substrate 1
and third substrate 3 are anode bonded or attached integrally by the method of the third
example. The vibrating plate 5 formed on the substrate 1 and the electrode 21 formed on the

\U/ substrate 2 are matched in their positions and they are abutted. Combined substrates 1 and
1o 2 are heated to 300°C on a hot plate, a DC voltage 50V 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 fifth example useful for understanding
the present invention is tested in real-printing function and a good result of printing similar
15 to that of the third example is obtained.

According to the fifth example, in order to form the gap portion between the vibrating
plate 5 and the electrode 21, a boro-silicated glass thin membrane 49 if formed on the bottom
face of the first substrate 1. It is possible to form the boro-silicated glass thin
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90 [err]min thickness for separator of non-aqueous el ectro- 5 lyte

battery. Then, the nonwoven fabric was subjected to hot cal ender
treatmént at 150 C to adjust the thickness to 40 [err]m The nonwoven
fabric had a void content of 58% ESubstitutelsheetG 28 July 1999
50% of , the mcro-glass fibers used in Exanple 3 (#108A manuf actured by
Schul ler Co., Ltd.) and 35% of aram d fibers (Kevlar manufactured by
DuPont de Nenours, E.1., Co.) and 15% of aram d pul p (Kevl ar

manuf act ured by DuPont de Nenours, E. 1., Co.) as heat resi stant fibers

15 were dispersed in water to prepare-«aﬁslurry The slurry
subj ect ed t memiirazepetd rmklttgpp«tmg‘agea ef/| thelegecond ﬁ&ﬁéiﬁrﬁﬁéhlzne to

make a nonwoven fabric of 25 err%
instead of the bottom ace of the first substrate 1

obtaining the same effect. i

- The boro-silicated glass thin membrane is formed by
the method of the fifth example on the second
substrate 2. ' In an anode bonding of the first

substrate and second substrate, a DC voltage 50V is

impressed to them with the first substrate being charged

~ .plus electricity and the second substrate being charged
minus electricity 'at a femperature 300°¢c obtaining the—
ink jet head of a quality and a performance identical
with that of the fifth example.
According to the fifth example, it is possible
to bond the first substrate and the second subsfrate at
300°¢ obta::r'.niné the effects ment:j.pged below.
It is possible to use not only p-type or n-type
impurities of the third example but also, for
W | example, a metal membrane or f£ilm of'_Au or Al, etc.

having a melting point of several hundreds or 100°c for
th\p electrode formed on the second substrate. When
" such metal film is used., it is possible to decrease
electric resistance value of the electrode improving

driving frequency of the inl_c jet head.

(Example 6)
Fig. 16 shows a partly-broken perspective view of the first substrate 1 used in an ink

jet head
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basis weight and 90 [err]min thickness for separator of non- aqueous
electrolyte battery. Then, the nonwoven 20 fabric was subjected to hot

cal endér treatnent at 150 C to adjust the thickness to 40 [err]m The .
nonwoven fabric had a void content of 59% Substitutetsteegtl-c28 Ualy 1999
50% of ., m cro-gl ass fibers having an average 25 fiber dianeter of 1.0
[err] m (#108A manuf actured by Schul | er Co., Ltd.) and 50% of p-aram d
fibers (Kevlar manufac- -39- _

according to a sixth example useful for understanding the present invention. The second
substrate and the third substrate having electrodes formed thereon of the ink jet head of the
sixth example have the structures identical with that of the third example.- '

5 | The first substrate 1 of the sixth example is made of the silicon substrate 57 having a
p-type silicon substrate 55 and a n-type Si layer 56 epitaxially grown on the bottom face of
the p-type silicon substrate 55. In detail, a part of the p-type silicon substrate 55 is selectively
etched through an electrochemical alkali anisotropy etching process (be explained later) in
order to remove the part obtaining a vibrating plate 5 of a precise thickness.

The manufacturing steps of the first substrate of the sixth example aré shown i Fig.
17.

First, both faces of a silicon wafer of p-type (100) face direction are mirror-polished
15 in order to manufacture a silicon substrate 55 of a thickness 170 um, and n-type Si layer 56
of a thickness 30 um is epitaxially grown on a bottom face of the silicon substrate 55
obtaining a silicon substrate 57 (see Fig. 17 (a)). For example, boron is doped into the silicon
substrate 55 and its density is 4 x 10" cm?. Al is doped into the n-type Si layer 56 and its
density is 5 x 10" cm®. The epitaxial growth process above can form a Si layer 56 having
\./ a uniform thickness. It is
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- 108 - tured by DuPont de Nenours, E. 1., Co.) as heat resistant
fibers were fornmed into a sheet by carding which is a dry nmet hod for
maki ng” nonwoven fabric, whereby. a nonwoven fabric of 25 g/nferr] in
basi s weight and 500 [err]min thick- 5 ness Sobstfiytersiteet -8 daly 4§98ous
el ectrolyte battery was obt ai ned. The resulting nonwoven fabric was
non-uni form and retention of the mcro-glass fibers was inferior.

Then, the nonwoven fabric was subjected to hot cal ender - treatnent at
150[err] Cto adjust the thickness to 4@FfFerr]m 10 The resulting nonwoven

fabric had ageaidhpont egt dgnt%%’ the thi&¥AEBLEwkih allowance + 0.20% of
pol yaryl ate fibers (VECTRAN manufac-

um of its target of 30 um.

Next, the silicon substrate 57 is brought under
heat-oxid_ization-treatment in an oxygen—-steam atmosphere
at 1100°C, for 4 hours and Si0, m.embranes.tua 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

KJ the shapes of nozzle holes 4, emitting chambers 6, and
etc. is formed on the upper SiO2 membrane 4l1a, a photo-
resist pattern {not shown) corresponding to an
electrically-led opening portion 58 is formed dn the
lowe?:- Si(J2 membrane 41b, then the exposed portioﬁs of
the Si0, membranes 4la and 41b are etched by fluoric
acid etching agent in order to._remove the photo-resist
pattern (see Fig. 17{(c)).

Using the apparatus shown in Fig. 18, the electro-
chemical anisotropy etching steps are carried out. As

shown-in Fig. 18, a DC voltage of 0.6V is impressed when
.n-pre- Si lavyer 56 is charged plus and platinum plate
80. is charged minus, the silicon substrate 57 is sunk in
KOH solution ('ZO°C) containing isopropyl alcéhol
carrying out an etching step. When the exposed
portions of p-type_ silicon substrate 55 (the portions a
SiO2 membrane 41a fails to cover) are _.completely etched'
and removed, n-type Si 1ayér 56 is non-activated by a

plus DC voltage preventing the etching process from
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tured by Kuraray Co., Ltd.) and 30% of polyarylate pulp ( VECTRAN
manuf actured by Kuraray Co., Ltd.) as heat 15 resistant fibers were

di sperSed in water to prepare a slurry. The slurry was subjected to
wet paper making process by a cylinder pap&ubstititenshees -n2& July 1999
nonwoven fabric of 25 g/nferr] in basis weight and 90 [err]min

t hi ckness for separator of non-aqueous electrolyte battery. Then, 20
t he nonwoven fabric was subjected to hot cal ender treat- ment at 200 C
to adjust the thickness to 40 [err]m Exanpl e 116 : A
nonwoven fabric for separator of _non-égfﬁéous el ectrolyte battery was
made in the papsesdAngr as Atn tiis Bximel ethesetekdagt ishdiipinhatheapdene

sul fide fibers (PPS CHOPPED FI BER manuf actured by Toray, | ndustri es,
: the silicon substrate of a condition shown in Fig. 17(d)

is obtained. )

In the next stage, a_photo—resist (not shown) of
a shape corresponding to the vibrating plate 5 is
formed on the 'lower Sin ‘membrane 41b, an exposed

portion of the SiO2 membrane 41b is etched by fluoric

acid etching agent and the photo-resist is removed.

\{ . Simultaneously, all ﬁaterial of the SiO2 membrane 41a
remained on the s&fface 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 identicél

that of the third example. The thickness of the
vibrating plafes- of one hundged (100) 4ink Jjet  head
manufacturing by the steps of the sixth embodiment.are
distributed in a range of 30.0 *+ 0.2um and it is the
kqi .thicknesé precision of n—-type Si layer 56 formed by the

epitaxial process. When the ink jet head of the sixth
exaxpple is driven with 100V, 5 KHz, the emitting

spéeds of ink drops are ‘distributed in a range of 8 +
0.2um/sec. and the ink drop volumes are in a range of

(0.1 + 0.005) x 10" 5¢c, resulting in a good printing.

(Example 7)
Fig. 19 shows a partly-broken -perSpective view of the first substrate used in an ink jet

head according
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- 109 - Ltd.) were used in place of the polyarylate fibers.

Exanple 117 30% of m cro-glass fibers having an average
fiber =di ameter of 1.0 [err]m (#108A manufactured by, Schull er

Ltd.), 20% of polyolefin fibers (NBF-H manuf actSukstitute Sb?‘*‘l)a?ﬁajléw?ﬁﬁ’%g

Co., -Ltd.; 2 d X5 m) and 50% of pol yol efin fibers (PZ manufactured by
Dai wa Spi nni ng Co., Ltd.; 0.5 d" X5 mm were m xed and di spersed in
water to

-42-

to a seventh example useful for understanding the present invention. The

second substrate and the f:hird 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

example, so that explanaﬁons for them are omitted from the specification.

The first substrate 1 of the seventh example 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).  According to the silicon substrate of (110)
face direction, as well known  the (111) face
pernendlcularly crosses to the substrate face of (110)
face dq.rect:.on in a dlrectlon (211) and an ' alkali
anisotropy etching process enables to form a wall
structure perpendicularly to the substrate face.

The seventh example uses the fact above, and
pitt.:c'h distances, when a number of ink jet structural
units consisting of nozzles and emitting chambers, etc.
are employed, are narrowed realizing a high density
arrangement of the nozzles.

The manufacturing steps of the first substrate of
the seventh example are 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
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prepare a slurry. The slurry was subjected to wet paper 10 nmaking process
by a cylinder paper nachine to neke a nonwoven fabric of 25 g/nferr]
in basis weight and 100 [err]min - thickness for separator of

non- aqueous el ectrolyte bat-  tery. Then, tSubstitutgosheeti-ad8iJulnd999
subj ected to hot cal ender treatment at 150 C to adjust the thickness
to 40 15 [err]m [err] '

-4 -
As of the size of the photo-resist patterns

corresponding to the shape of the emitting chamber 6,

i.ts 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 electrochemical anisotropy etching

mentioned above is applied to the silicon substrate 63
Kw/ . through the method identical with that . of the "sixth
example 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(d4) consist of perpendicular walls relative to the
surfaces of the silicon substrate 63.

The electrochemical anisotropy etching process
forms a photo;resist pattern (not shown) corresponding
to the nozzles 4 and the orifices 7 on the sio, membrane
41a which is a little thinned, a photo-resist membrane
(hot shown) covers all the lower Sio2 membrane 41b,
f%Foric acid etching agent etches the exposed portion of
tﬁe SiO2 membrane 4la, and the photo—-resist pattern is
removed (see Fig. 20(e)).

Next, identical with the steps shown in Fig. 20(d);
an electric-chemical etching. process étches the
substrate until the nozzles 4 and the orifices 7 of
thickness 30 um are formed (see Fig. 20(f}).

Last, the whole silicon substrate is sunk in

fluoric acid etching agent to remove Si02 membranes 4la
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Eval uati on: As ‘can be seen fromthe results of Table 9,

anong Exanpl es 105- 109, since the hot cal endering 'tenper- ature in

Exanpl-e 105 was 40 C, the effect of hot cal ender 5 treatnent was | ow and

the thickness was non-uniform Si nce the h3wbstitutegbeehy 28y 1999 e

i n Exanpl es 106-108 was 50-200 C, the thickness was uniform Since the

hot cal endering tenperature in Exanple 109 was 210[err]C, - the

t hi ckness was further uniform but void content decreased 10 and retention

of electrolyte was sonewhat deteriorat ed‘és; I n Exanpl es 109, penetration
as co

of the electrolyte al so deteriorate npared with Exan‘i)l e(s
seea

106- 108. and 41b in Prdepntevektedsy i the f §1TSEpHuRSHT B

non- aqueous el ectrolyte battery whi ch. were nade.in :
g Fig. 20(g)) -0 The’ width of the gei i 0: X% hamber  formed

on the resulting first substrate becomes 55 um which is
a little enlarged by undercutting dui‘ing. the etching
step'. The pitch distance is 70.7 um, so it is said the
first substr_ate- obtained has the ideal measurements.
The most’ suitable value of the width of the cavity is
de"cermined due to ink emitting characteristic.
.Considering the undercutting, the size ' of the photo-
resist pattern is determined to obtain the ideally-

shaped cavity.

(Example 8)

Fig. 21 is a partly-broken perspective view of the first substrate of an ink jet head
according to an eighth example useful for understanding the present invention. The vibrating
plate 5 in the ink jet head of the eighth example is a boron doped layer 66 of a density and has

a thickness identical with that of the necessary vibrating 'ate. It is known that the etching

(=Y

N ‘rate of alkali used Si etching step becomes very small in the range of a high density (about 5°

x 10" cm™ and more) when the dopant is boron.

According to the eighth example using the facts above, the vibrating plate forming
range is supposed that a high density boron doped layer. When an alkali
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15 ples 105-114 and Exanpl es 115-117 were superior in adhe- sion to
el ectrodes and superior in battery processability such as rollability
wi th” el ectrodes, and non-aqueous el ectrolyte batteries superior in
battery characteristics and battery storagSubstitutetsheetti28 Julyull 998
made, . 20 Furthernore, since the nonwoven fabrics contained

m cro-glass fibers, they were superior in heat resistance and
short-circuit of el ectrodes due to shrinking or burni ng of the
nonwoven fabrics and ignition of batteries coul d be i nhi bited.
Furthernore, since at least a part 25_ugf the polyarylate pulp was

fibrillated to 1 [err!n‘or | ess ... in ftiber dia ter, there were no pin
hol es whi ch CRIseEOpY € h%tfmwem@gem‘iﬁ 6 angflie \ohwoven fabrics of

Examples 132318y 28] 13160048 D8dnThe' 3v8bAtachhghs CAU Y

the etching rate greatly lessens at the time the 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 example are shown in Fig. 22.

First, the faces of a silicon wafer of‘ n-type
(110) face direction are mirror-peclished in order to
form a silicon substrate 65 of a thickness 200 um. The
silicon substrate 65 1is brought under a thermal-
; qxidizaticn_treatment of 1100°C for 4 hours in an oxygen
and steam atmésphere so as to form S':'LO2 membranes 41la
and 41b of thickness 1 um on?_hpth the faces -of - the
silicon substrate 65 (see Fig. 22(a)).
Next, a photo-resist pattern {not shownf
- corresponding to thé .sﬁapes of the vibrating plate
| (boron . doped layer) 66; ink cavity 8, electrode léads
(q?t.shown) is formed. on the lower Sid2 membrane 41b,
thé exposed po:tioﬁ - (part corresponding to the
vibrating plate, ink cavity, 1leads) of the sio,
membrane 41b is etched by fluoric a;id 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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- 112 -
t herefore,
characteris

sodi um oxi de which hinders the battery reaction, and,
the batteries were sonewhat inferior in bat- tery storage

tics.

The nonwoven fabrics of Exanples 115 and

116 5 were conposed of only heat resistant fl&lﬂ?ﬁiltu'ﬁmlh@ﬁ'eTgs July 1999 ¢

superior in heat

resi stance and could inhibit igni- tion of batteries,

but were inferior to those containing m cro-gl ass fibers. Furtherm)re,
t hey cont ai ned 30% of organic fibers at |east a part of which were

fibrill ated

10

is

to 1 [err]mor less inggiber dianeter and hence due to the

doped with boron. The treatment method of doping

is identical with that of the third example and the

20 -3

boron doping layer 66 of a boron density 5 x 10 cm

and

Fig.

of a doped layer thickness 10 um is formed (see

22(c). Ih order to attain such high density of

boron and high thickness of doped laver, it is

preferable to employ a spin-coating process of B,O0

273

agent and a diffusion process using BN plate of various

methods described in the third example above. Itis

possible to employ anyone to attain such doped laver

above.

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

corresponding to the shapes of .emitting chambers 6,

ink cavity 8, and etching end detection pattern 11 is

formed on the wupper Si0

2 membrane 4la, the exposed

portions of the SiO2 membrane 4l1a are etched by "fluoric

acid etching agent, and the. photo—résist pattern is

removed (see Fig. 22 (4)). The photo-resist pattern

corresponding to the emitting'chamber 6 has_a width 50
um(and.apart—distance ffom the ngighboring pattern 20.7
um; which are identical with that of the seventh
example.

The silicon substrate 65 is brougﬁt under an alkali
arisotrophy etching treaﬁment. Etching agent of KOH
solution (density: 20 weight %, temperature: 80 0C) was
used. As described above, the etching rates.of silicon

alkali etching depend on as shown id Fig. 23 the boron
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effect of hot calender treatnent, there were no pin hol es whi ch cause
I nternal short-circuit. Thus, uniform nonwoven fabrics could be nmade
and baftery processability such as rollability with el ectrodes was
superior, and 15 non-aqueous el ectrol yte batt Substitutecsidetnt 28 QJubatioQ9
characteristics and battery storage characteristics could be made.

[I ndustrial Applicability] The nonwoven fabric for separator
of 20 non-aqueous electrolyte battery according to the present

invention is superior in adhesion to ejgectrodes, and t here occurs no
breakage of the separator at the_ tinme of fabrication of battery and

t here occur $eR&iittNer sVﬁtﬁbaﬁggard to n-type silicon substrates, the

etching process proceeds .at an etching rate of about
1.5 um/min, however in the boron high deasity range the
etching rate lowers to about 0.01 um/min.

Because the thickness (designed value) of the
vibrating plate 5 is 10 um, it is sufficient to etch
and remove only 190 um of the total thickness 200 um
of the silicon substrate 65 in order to form the
emitting chambers 6 and the_ink cavity 8. 1In practice,
it is difficult to make the thickness of the vibrating
plates 5 uniform since the thickness wvalues of ‘the
silicon substrates 65 distribute in some range (*+ 1 to 2
um) . | .

According to the eighth example, the process
mentioﬁed below can form the thickness to the vibrating
plates correctly.

It is necessa¥ylto etch the silicon substrate for
- about 126 minutes 40 seconds calculated in order to

| etch and remove 190 um of a thickness of the silicon
sybstrate. In order to etch a thickness 10 um, an
etching step for about "6 min 40 sec. is necessary.
Consequently, in order +to etch and remove 200 um
thickness, a total time of 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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nor space between el ectrode and the separator. Battery 25 processability

such as rollability with electrodes is superior. Furthernore, even
when el ectrodes generate heat owing to external short-circuit,

i nt er nal _Substitute sheetshdBrJuly 999
due .to contact between electrodes caused by shrinking or burning of the
nonwoven fabric does not occur, and ignition of the battery can be

i nhi bited. The nonwoven fabric has no pin holes and is superior.in 5

retention of electrolyte and penetrat+8h-of electrolyte.
side of the pattern and receiving the laser beam by a

light receiving element placed on another side of the
pattern when the through hole is completed) (see Fig.
22(e)) .

Next, similar to that of the third example, a
pattern machininig'for restricting the distances between
elecfrodes formed on'tl';e second substrates is carried
out so as to obtain the first substrate 1.

Notwithstanding that 'ch_e silicon'substrate 65 'has
various thicknesses portion by portion of the substrate
(+ 1 to 2 um), the vibrating plate 5 formed by the
process about has a precision of 10 #* 0.1 um. Such
error or allowance of + 0.1 ﬁm seems that it depends on
distribution of the boron doping depth, and does not
depend on the' distribution of_ the alkali etching
results.: |

-According to the eighth example of ink jet
head, the precision of the thickness of boron doped
layer - determines the thickness precision of the
.viPrating plate. ' In order to obtain the correct
th;ckness precision in the range of about 10 um
thickness, it is the most preferable method to. use BB::'3
of the diffusion source. However, if fhe treatment
condition is made to the most suitab.le one, other
m.ethods can be used to attain the doped thickness
precision corresponding to that obtained by the method
of BBr diffusion source. |

Yt
t
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The nonwoven fabric can be used as a separator of non- agqueous

el ectrolyte battery superior in current capacity, battery
characferistics and battery storage characteristics. .

- 114 - CLAI M5 Substitute sheet - 28\ Jubn1998en
fabric.for separators of non- aqueous el ectrolyte batteries which is
produced by a wet paper naking process, characterized in that the

~-51-
~ According to the eight.h example, simultaneously
with the boron ddping step for the vibrating plate, the
doping is done to the leads continuous to tHe vibrating
plate. Because that the driving electrodes having the
structure identical wit'ﬁ the vibrating plate of the
fourth embodimeqt and corresponding to eaph vibrating
plate'of ﬁigh density borori_ doped portions are formed,

it is possible also to attain an improvement of. the

\/
driving frequency.

In addition, according to the eighth example, n- | )
type substrate. is used fgf the éilicon substrate,
however if p—typé substréte is used for the silicon one,
.it' is possible to form the bofon doped vibrating
plates.

The substrates anode-junction methods of the
present invention Qill be éxplained with refersgnce to
the following examples 9 to 12.

(Example 9) _
8 Fig. 24 shows an outline of a ninth example of an anode bonding method useful for
_understanding the present invention. It shows a section of a bonding apparatus used to the
method and of the substrates while they are bonding. Fig. 25 is a plan view of the bonding
apparatus.
The ninth example shown relates to an anode bonding méthod for bonding the first

“This is the replacement sheet
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5 nonwoven fabric has a thickness non-uniformty index (Rpy) iIn
machi.ne direction of 1000 nV or |ess as deter- m ned bel ow

Thi ckness non-uniformty index (Rpy): A sanple is allowed to run '
bet ween two spherical tracers; 10 variation of Subistitutesshest -t 28 kadydI999 n
machi-ne direction IS measured using a filmthickness neasuring

equi pnent whi ch neasures the variation of sanple thickness as an

el ectric signal through an electric nmicroneter by scan- ning the
sanple at a constant rate of 1.5 mmncn ma- 15 chine direction after
zero point adjustnment under the cb?fdi'tion of 15 err!m3 V.in
sensitivity PARGECBf SHRStratey de@nd THE r3ReRRd  PRFR$ ¥eY S1anRs

val ue i s sub- '%ct d to fast Fourier transformby a FFT anal yzer using
hanni ng Wi ndﬁW’é?‘JE B %e wi ndow, a power. spectrum (unit:

The bonding appar'atus of the ninth example -
consists of an anode bonding electrode plate 111 to be
connected to a plus ‘'side of a power source 113, an
cathode ‘bonding .electrode plate' 112,. and a terminal
plate 115 protruding from the anode bonding electrode
plate 111 <through a spring 114. Gold plating is
.applied on the surfaces of the anode bonding electrode
plate 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
substrate 2, and the silicon substrate 1. The terminal
' platé 115 is connected to the anode bonding electfodé
plate 111 bx.r mens of the spring 114 and the spring keeps
\\/ the terminal plate 115 in its suitable contact pressure
with the electrode 21. The terminal plate 115 comes to
coetact with the terminal lportion 23 of the electrode
21, |
The siiicon ‘substrate 1 and the boro-silicated
glass substrate 2 are aligned and -in detail the
vibrating plate 5 and the electrode 21, respectively
formed thereon are aligned by an aligner device (not
shown) ~ éftér they. -are' washed and then they are set as

shown in Fig. 24 and Fig. 25. The electrode 21, and

This is the repiacement sheet
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20 nV[err]) is obtained by addition averaging of addition of 128

tinmes; the power values in the frequency band of 2-25 Hz are totall ed;
the tofal is nmultiplied by 2/3; and the ~resulting value is raised to
one-second power to obtain t he t hi ckness n&ubstitdter sheet -i 28 eluly R999
(unict:.nVv). 25 2. A nonwoven fabric for separators of

non- agueous el ectrolyte batteries which is produced by a wet paper

maki ng process, characterized in that the _

- 115 - nonwoven fabric has a cgpter surface average roughness

remaining stress is generated in the vibrating plats §
after the plate 5 is secured through its circumference.
The dielectric membrane 24 is charged when
transformation. of electric'charge from the vibrating
plate 5. 1In electric field, the dielectric membrane 24
receives static el'e-c'tr-icity attractive force along a
direction of the wvibrating plate 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.

(Example 10) _

Fig. 26 is an outline view of another example of an anode bonding method useful for
understanding the present invention and a section of both the substrates in their bonding
procedure and a bonding apparatus used to the anode bonding apparatus. Fig. 27 is a plan
view of the bonding apparatus. o

According to the tenth example, terminal 116 respectively consisting 6f coil springs

L are used and the terminal platés contact with respective electrodes 21. Other structure of the
N\ embodiment than that above is identical with that shown in Fig. 24.

The terminals 116 are made of SUS which is durable to high temperature. Ordinarily,

a material SUS is not preferable to be used as terminal material because it

This is the repigscement sheef
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SRa of 6 [err]mor less in whole wavel ength region as nea- sured using

a tracer nethod three-dinensional surface roughness neter. 5 3.

A nonwoven fabric for separators of non- aqueous. el ectrol yte batteries

according to claim1 or 2 which contains i rBubgtitue s$hdestr-s28 July 14999

A nonwoven fabric for separators of non- aqueous el ectrol yte batteries

according.to claim3, 10 wherein the inorganic fibers are one or nore

ki nds of fibers selected frommcro- gI ass fibers, alumna fibers,

alumina silica fibers and rock wool . -555 A nonwoven fabric for

separators of - non-aqueous el ectrol yte bat eri.es accordi t im1l

or 15 2 whi PR ofSATREMGSKEPs @b ‘%‘fﬁﬁ anh?nbggjan ’gl clo;‘n%@ AL
However, in the anode bonding, it is purpose of

applying high voltage and making them equal potential,
so that it is possible to obtain good resulf_:s if a value
of current is low. '~ When respective terminals 16 are
J.ndependent co11 snr:.ngs, it is possible to prevent the
substrates from curving due_ to being heated when the
anode bonding process and these terminals 16 fro,m.not

being led to the electrode 21 due to worn termina.]..

(Example 11)

" Fig. 28 shows a plan view of the anode bonding
apparatus .according to another embodiment of the present
invention. .Fig.'.zs is a plan view showing an arrangement
relatioﬁ of the electrode on the second substrate and
the common electrode. In Fig. 29, the diele&tric

membrane is omitted.

\\/ - According to the eleventh example a photo-lithography uses a batch treatment system
in order to form simultaneously a plurality of electrodes 21 for plural sets (in the example,
it is two) of ink jet heads and respectively electrode 21 for the plural sets on a single boro-
silicated glass substrate 2A. The common electrode 120 has lead portions 121a and 121b 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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pouhd. 6. A nonwoven fabric for separators of non- aqueous

electrolyte batteries according to claimb5b, wherein the conposition of
t he whi skers conprises at 20 |east one nenber. selected fromAl [err](err],
OAl [err]Jerr][err]2B[err]Jerr], SiC, - Si [ Subjshiteter sheet - 28Ju|y1999
Klerr]Qerr]Tierr], Kerr]Ti [err] Jerr], Tigerr], BaTigerr],
My[err]B[err]Jerr] and ZnQ, _ Anonwoven fabric for
separators of non- aqueous el ect rolyte batteries according to claim 3,
wherein the average fiber dianeter of- inorganic 25 fibersis 3 [err]m
or |ess. CF%-SJ' icat n%’l‘é@\éens&ﬁ?ffgtéOrZAseHQEath%Piralzt’y‘ of

non- aqueous el ectrolyte batferies according to claim3 wherein the

amount of thgddorganig1didiets (AokbCe, emitting chamber, vibrating
plate, cfifice, ink cavity) having the structures shown
in Fig. 24 and Fig. 26, respective sets being placed

at the corresponding positions. Then, in <the Jjoining
step, a single' términal 116 consisting of a c¢oil spring
shown in Fig. 26 comes tg contact with +the common
electrode 120 in order to lead it to the anode-side
- joining electrode plate 111. |

Consequently, it is' possible to makes all electrodes.
21 and all vibrafcing plates of respective sets eciual 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 Jjet_ bead and the common
electrodes 120 are cut off from t.he electrodes: 21 of
respective sets through the connecting ends of lead

portions 121a and 121b.

(Example 12)

Fig. 30 is a section of an anode bonding apparatus according to another example useful -
for understanding the present invention.

According to the twelfth example, 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-silicated ones. The third substrate 3 functions merely

This is the replecement sheet
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-116- . nonwoven fabric is 20-80% by wei ght . 9. A nonwoven

fabric for separators of non- agueous el ectrolyte batteries according
to claim4, 7 or 8, wherein the mcro-glass fibers conprise at |east

5 one of E glass containing 1% by wei ght or | esSubstituteisheet - 28 Jly 999 d
silica glass containing 99% by wei ght or nore of silicon dioxide..

10. ' A nonwoven fabric for separators of non- agueous el ectrol yte
batteries according to claiml, 2 10 or 3 which contains organic fibers.
11. A nonwoven fabric for separators of :

as a 1lid of nozzle holes 4, emitting chamber 6, orifice
7, ink cavity 8. It s enough to make the third
substrate 3 of a material of less joining pfec’isicn than
that of boro-siiicated glass sﬁbstrate, so that soda
glass joining is sufficienf. When the third sﬁbstrate,
however, is made of boro-silicated glass, it is

possible to improve its reliability.

And, in accordance with the twelfth example, upper and

lower joining electrode plates 111 and 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 éource 113, the first silicon substrate 1 and the
electrode 21 on the bord-—sil.icat'ed glass substrate 2 are
connect=sd to ét_ plus or. positige,.' of the power sc_urce
113, and  they are.simulfan'eously anode bonding.” As  a
result, according to the simultaneéus anode bonding
k/’ process, i_t is possible to reduce th_e time used to .heat
| and gradual cool the.substrates 1, 2 and 3 shoftening

largely the bonding time of then. Additionally, as

described in regard to the ninth and eleventh examples above, it is possible to protect the
surface on the silicon substrate 1 from being polluted by direct contact with the upper bonding
electrode plate 111. '

THis 18 1he repiscement sheet
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non- aqueous el ectrol yte batteries according to claim10, wherei n at

| east a part of the organic fibers are fibril- lated to 1 [err]mor
less ih fiber diameter. 15 12. - A nonwoven fabric for separators of
non- aqueous el ectrol yte batteries according to Substitute sheetor28 Julywilog9
has .a void content of 35-80% 13. A nonwoven fabric for .
separ at ors of non- agueous el ectrolyte batteries according to claim 10,
20 11 or 12, which has a gas pernealgkity of 100 nmHg or hi gher .

14. A nonwoven fabric for separators of non- aqueous el ectrol yte
batteries according to claim10 or 11, wherein the organic fibers
conprise one or nore 25 Kkinds of organic fibers selected from

pol ypr opyl ene :

In the embodiments of the invention described below, structures are provided for
preventing dust from invading into the gap portion formed as described above. Here, a static

electricity actuator is exemplified, however it is possible to use the same structure when an

ink jet head is employed.
(Embodiment 1)

Fig. 31 is a section of a static electricity actuator of an embodiment of the present

U invention. Fig. 32 is its plan view.

As apparent from the previous examples, the
first substrate 1 and the secoﬁd substrate 2 are
directly Si bonded or anode bonded with the
predetermined gap length. Because a temperature when
the anode bonding or bonding process is don_é is high,
air in the gap portion 16 expands. When the air temperature
lJowers to the room temperatu:_'e after the connection,
the pressure in the éap portion 16 falls to lower than the

AN -atmosphere, so the vibrating plate 5 bends toward the_
electrode 21, coming into contact with the electrode Zi |
and .being short-circuited, or more disadvantageously
unnecessary stress being giveh to the vibrating plate 5.
When the gap portion 16 is open to the atmosphere in
order to prevent 'such disadvantageous effects and kept
at such open condition, static electricity in the gap
portion and the surrounding mechanism attracts dust. As a
result, such dust is attached to the electrode 21

changing a vibration characteristic of the vibrating
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fibers,
fibgrs.
- 117 -

pol yet hyl ene fibers, polynethyl pentene fibers and acrylic
15. A nonwoven fabric for separators of '
non- aqueous el ectrolyte batteries according to claim10

or 11, which contains heat resistant organic fiSebstitute sheat 28 Julye] 998
poi nt .or heat deconposition point of 250 C or higher. 5 16.
nonwoven fabric for separators of non- agueous el ectrolyte batteries

according to claim10,

-59-
plate 5.

In order to solve such problem above, the gap portion 16 of the ink jet head of the
present invention, the gap portion 16 is open to the atmosphere through the passage 18, as
well as outlet ports 192 and 19b of the passage 18 are sealed by sealer agent 20 of epoxy and

the like which has a high viscosity when the substrates 1 and 2 are cooled to the room

temperature after they are anode-bonding.

“

The reference numeral 23 ié a terminal portion of
the electrode 23, 41 means $i0, membrane of a dielectric
membrane -formed on the substrate 1, 102 is- an

. oscillation circuit, and 108 is a metal membrane formed
to connect oné terminal of the oqscillation circuit 102
to the sSubstrate 1. The .passage 18 extends surround
the electrode 21.

Because that the silicon substrate constituting the
subétrate 1 has é high thermal conductivity, the sealer
is madé of thermal plastic resin and the pressure in the
gap po;'tion d.oes.'no-t rise. Because that the sealing
member 20 has a high viscosity, it fails to flow-in the

passage 18.

Consequently, according to the present invention, the gap portion 16 is open or led to
the atmosphere through the passage 18 during anode bonding, so that any heating of the
anode-
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11 or 15, wherein the heat resistant organic fibers conprise one or
nor e, kinds of fibers selected fromthe © group consisting of aramd -
fibers, polyphenylene sulfide 10 fibers, polyarylate fibers, polyether -
ket one fi bers, polyi m de fibers, polyether Subktitutefshemts, 28 dtly 1999
pol y- p- phenyl enebenzobi soxazol e fi bers. - 17. A nonwoven fabric for
separ at ors of non- agueous el ectrolyte batteries according to claim 10,
15 wherein the organic fibers contain a fibrous binder. 18. A
nonwoven fabric for separators of _gg. non-aqueous el ectrolyte batteries
according to claim17, wherein the fibrous binder is at l.east_ one
fibrous  DPoRfiR@rongratieq F?Bﬁ?tﬁ@ gRdap ggﬁs?§?ﬁﬁ&ﬂﬁ (%rﬁﬂ?nﬁa%o
L;Eﬁ[ o BS: §§€f£nf ALY S, ARYeYO! £hhde I b8SaTng Py 2F 1 shed hhACT EngN
temberature lowers tc the room temperature, 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 gaseocus body

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

N poQtion 16 when it is sealed.
(Example 13) T | ' -
Fig. 33 1is a. section of the static electricity
actuator according to another example useful for understanding the present
_invention. '
According to the thirteenth example, the static
electricity actuator has a éecond electrode 46 placed
" under the vibrating plate § S0 as to oppose to the
electrode 21. fﬁé second eléctrode 46 1is made of Cr
, or Au thin membrane. .
o

The static electricity actuator functions as a
-capacitor. When a v vo;t is imﬁressed to the opposed
electrodes 21 and 46, Ve of the voltage between the
opposed electrades 21 and 46 raised when they are
charg;d and discharged is shown below:
Ve =V (1 - exp (~t/T) char§ing time
Ve = V exp (;t/T) discharging time
Wherein T: time constant.

"It is apparent from the equations above that they
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19. A nonwoven fabric for separators of non-aqueous el ectrol yte

batteri.es according to claim1 or 2, which is subjected to a cal ender
treatment. 25 20. A nonwoven fabric for separators of
non- aqueous el ectrol yte batteries accordi ng to Substitute®sheet - 28ndulyi 1999 e
cal ender treatnment is a hot cal ender treat- ment .
- 118 - 21. A nonwoven fabric for separators of non- agueous
el ectrol yte batteries according to claim 20,

-61-

] aré ekponenfial fuﬁctions. When the time constant T is
large, rising speed of Vc is made slow. The time
constant T is given by. a:lz equafion RC (wherein the
resistance is R and_static electricit';r capaqifor is C).
Bécause a resi_stanc;e éf silicon is higher':than metals,
the ‘electroce 46 of Cr or Au thin membrane having low
resistance is uéed as a vibréting plate 5 so as to

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

~ -constant is made low, responsibility of the actuator
. improvés. _ - E . ) -
(Example 14)
F1g 34 shows a section of an ink jet head accordmg to still another example useful for
understandmg the present invention.
In the fourteenth éxample, the gap G to be
formed under the vibfating plate 5 is kept by a
\/ thickness of photo-sensitive resin layer or adhesive '

agent layer 200. That is, patterns of the photo-
seﬁitive resin layer gr adhesive agent -layer - 200 are
are printed:a'round the " élebtro@e- 21 of the second
substrate 2 and both the second substrate 2 and the
first substrate 1 gre-adhered to each othe_'r, making a .
lamination. In practice, so;da glass is used as the
séc'ohd substrate 2 and it is constructed as described
in the second example.

A photo-s’énsitive polyimid is wused as a photo-
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which is subjected. to a hot cal ender treatnent at 50-200 C 5 22.
A non-aqueous el ectrolyte battery which is made using the nonwoven

fabric according to clains 1-21. : '
Substitute sheet - 28 July 1999

-62-
'sensitiire resin and it is printed around the electrode

21 of thé second substrate 2 with its thickness/um
fdrming the pattern 200, of_phcto-éensitive resin laver.
While, similar to that of the second example the

bottom face of the first silicon substrate :1 is p_lanely
polished and the: firét subs:trate 1 and second'subst_rat'e
2 are laminated. As a reéu,lt, when the pho.to-sensi'tive

resin is used, " the gap length G between the wvibrating

-\J . plate 5 and the electrode 21 is 1.4 um. -When an
adhesive agent of'epoijorid is ;:.sed,. the its thickness
G is 1.5 um, and. the sﬁbst;rates 1 and 2 are.
J.amlinated at a temperéture_iOOOC. In this case, the
gap length G is a little less fh'an 1.9 um. . ' Whe_n
adhesive agent is usad, it is 'necessary to press the
substrate 1 and other substrate_,.z, so the gap length G
decfease_s" diffe:jing fr.om thet of the photo-sensitive
resin. ‘ - |

U It is possible tb.use- such gap holding means of

photo-sensitive resin and adhesive agent ke'eping “the
p:rc‘edetermined length or thickness of the gap. It is
noted that the ink je.t'head of the present invention
uéing such gap holding mean s_cah be driven by .a low
\-/oltage identical with that of the second example.
- 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. Temperatﬁre . of thermal treatment is
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CLAIMS
1. An ink het head comprising at least one nozzle (4), a respective ejecting chamber
(6) connected to the or each nozzle (4), a respective vibrating plate (5) co;lstit_uting at least
one wall of the or each ejecting chamber (6), and a respective electrode (21) arranged
5 opposite the or each vibrating plate (5) with a predetermined gap (G) therebetween, said
nozzle or nozzles (4) ejecting ink_drops by deformation of said vibrating plate or plates (5)
caused by electrostatic force generated by a voltage impressed between said vibrating plate
or plates (5) and said electrode or electrodes (21), wherein:
the or each vibrating plate (5) is foi'med in a first substrate (1), -
10 the or each electrode i2'1) is formed on a second substrate (2),
said first and/or sécond substrate (1,2) has a dent or series of dents (15) to maintain
said predetermined gap (G) between the or each vibrating plate (5) and its respective
electrode (21),
said first and second substrates are anode-bonded to each other by a face so as to
15 form a vibrating chamber or a series of vibrating chambers (9), each comprising a dent
(15) as a part of its wall,
the or each vibrating chamber (9) is connected with a passage (18) leading to the
outside of the substrates, and the gap (G) between said vibrating plate (5) and said
electrode (21) is at least 0.05 xm and no more than 2.0um; |
20 characterised in that an outlet of the or each passage (18) is sealed by a sealing

member (20) after the anode-bonding process.

A O
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2. An ink- jet head according to claim 1, wherein saiq
first substrate (1) and said second substrate (2) each
comprise single crystal silicon substrates and wherein the
gap (G). is; defined by a gap spacer of a SiO, membrane
previously formed on at least one face of facing portions
of the substrates. '

3. An ink jet head according to claim 2, characterised in
that said SiO, membrane is a thermally oxidized membrane of

silicon.

4. An ink jet head according to claim 2, characterised in
that said Sio, membrane is formed by a spattering process,
CVD process, vapéring process, ion-plating process, sol-gel
process, thermal oxidation process or organic silicon

composition sintering process.

5. An ink jet head according to claim 2, characterised in
that said electrode (21) comprises p-type or n-type
impurities.

6. An ink jet head according to claim 1 characterised in
that said electrode (21) is covered by a dielectric
membrane (24) leaving a space between the electrode (21)
and the vibrating plate (5).

7. An ink jet head according to any oneiof the preceding
¢claims, characterised in that said vibrating plate (5) has-
a second electrode integrally formed on the vibrating plate
so as to keep said gap (G).

8. An ink jet head according to claim 7, characterised in
that said second electrode comprises a p-type or n-type
impurity.
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9. An ink jet head according to claim 1, characterised in
that a thin boro-silicate glass 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 spacer

for maintaining said gap (G).

10. An ink jet head according to claim 9, characterised in
that the thin boro-silicate glass membrane is formed by a
spattering method.

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

that said vibrating plate (5) comprises a n-type impurity
layer. . ; -

12. 2an ink jet head according to claim 1, characterised in
that said v1brat1ng plate (5) comprlses a p-type impurity
layer of high density.

13. An ink jet head according to claim 7, characterised in
that a driving wiring layer including the second electrode
comprises a p-type impurity layer of high density.-

14. An ink jet head according to any one of claims 2 to
13, characterised in that said first substrate (1) is a
silicon substrate of crystal face direction (110). '

15. An ink jet head according to any one of claims 2 to
14, characterised in that said first substrate (1) is a p-=
type silicon substrate on which a n-type impurity layer is
epitaxially grown.

16. An ink jet head according to claim 1, characterised in
that the gap (G) is maintained by means of a photo-
sensitive resin layer or an adhesive agent layer formed in

~a pattern around the electrode.
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17.- An ink jet head according to claim 6, characterised in
that said dielectric membrane is made of silicon oxide,
boro-silicate glass or silicone compound.

18.; An ink jet head according to claim 1, characterised in
that said gap (G) is filled with gas, preferably air,

nitrogen or argon.

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

20. A method of manufacturing an ink jet head comprising

the steps of: ' _
(a) simultaneously forming in a first substrate (1) at

least one groove that serves as a precursor to a nozzle

(4), a respective channel that serves as a precursor to an

ejecting chamber (6) connected to the or each groove and a

respective vibrating plate (5) for the or each channel.
constituted by at least one wall thereof;

(b) bonding a third substrate (3) to the surface of said

first substrate (1) in which said groove or grooves, said

respective channel or channels and said  respective

vibrating plate or plates have been formed, thereby to

convert said groove or grooves and said respective channel

or channels into a nozzle or nozzles (4) and associated

ejecting ';::hamber or chambers (6), respectively;

(c) fo_rming on a second substrate (2) a respective

electrode or respective’ électrodes (21) corresponding in
number and position to the features formed in said first

substrate (1) in step (a), said electrode or electrodes

(21) being for electrostatically deforming the or each

vibrating plate (5) for ejecting ink drops;

(d) forming a dent or series of dents (15) on at least one

of said first substrate (1) and said second substrate (2)

for the purpose of maintaining a gap (G) of a thickness of

at least 0.05 gm and no more than 2.0 pgm between the or

(TN s s e ropincemen shoes
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each vibrating plate (5) and its corresponding electrode (21) when said first and second
substrates are bonded together;

(e) bonding said first and second substrates (1, 2) by an anode bondin.g method to form
the or each vibrating chamber (9) the or each vibrating chamber having a said dent (15)
constituting part of its wall; .

characterised in

® forming the or each vibrating chamber with a passage (18) connecting it to the
outside of said first and second substrates (1, 2) at a location or locations where the or
each vibrating plate (5) is opposed by a respective electrode (21); and -

(g)  sealing the outlet of the or each passage (18) connecting the or each vibrating
chamber (9) to the outside of the substrates after the anode bonding of step (e).

21. A method of manufacturing an ink jet head comprising the steps of:

(a)  forming in a nozzle substrate (3) at least one nozzle (4);

(b)  forming in a first substrate (1) a channel or channels corresponding in number. and
position to the nozzle or nozzles (4) formed in the nozzle substrate (3) said chann;el or |
channels servicing as a precutsor to a respectivé ejecting chamber or chambers (6), and
simultaneously forming a respective vibrating plate (5) for the or each channel constituted |
by at least one wall thereof;

(c) bonding said nozzle substrate (3) to the surface of said first substrate (1) in which

said respective channel or channels and said respective vibrating plate or plates have been

. foﬁned such that the or each channel is converted into an ejecting chamber (6) and the or

25

each ejecting chamber (6) is connected to a respective nozzle (4);

(d)  forming on a second substrate (2) a respective electrode or respective electrodes
21 correéponding in number and position to the features formed in said first substrate (1)
in step (b), said electrode or electrodes (21) being for electrostatically deforming the or

each
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vibrating plate (5) for ejecting ink drops;

(e) forming a deht or series of dents (15) on at least one of said first substrate (1) and
said second substrate (2) for the purpose of maintaining a gap (G) of a thickness of at least
0.05.m and no more than 2.0xm between the or each vibrating plate (5) and its
corresponding electrode (_21) when said first and second substrates are bonded together;
® bonding said first and second substrates (1,2) by an anode bonding method to form
the or each vibfating chamber (9) with a passage (18) connecting it to the outside of said
first and second substrates (1‘,2) at a location or locatidns where the or each vibrating plate
(5) is opposed by a respective electrode (21), the or each vibrating chamber having a said
dent (15) constituting part of its wall;

characterised in

(g)  sealing the outlet of the or each passage (18) connecting the or each vibrating

chamber (9) to the outside of the substrates after the anode bonding of step (f).

22. A method of manufacturing an ink jet head according to claim 20 or claim 21,
characterised in that it comprises a step of controlling a potential difference between the
vibrating plate or plates (5) and the respective electrode or electrodes (21) to decrease the

potential difference during the anode bonding process.

23. A method according to claim 22, characterised in that the potential of the electrode '

~or electrodes (21) is made equal to that of its corresponding vibrating plate (5).

25

24. A method according to claim 20 or claim 21, characterised in that it comprises a
step of forming, on said second substrate (2), a common electrode connected to said
electrode or electrodes (21), a step of controlling' a potential difference between said

common electrode and said vibrating plate or plates (5) during the anode bonding

N 01 Thi is the replscement sheet
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process, and a step of separating said common electrode
from said electrode or electrodes (21) after the anode

bonding process.

25. A method according to claim 20 or claim 21, wherein
said first substrate (1) and said second substrate (2) each
comprise single crystal silicon substrates, characterised
in that it comprises a further step of forming a Sio,
membrane of a predetermined thickness on a bonding face of
said first silicon substrate (1) except a portion or
portions corresponding to said vibrating plate or plates
(5) formed in said first silicon substrate (1), or forming
a'siozzmembrane of a predetermined thickness on a bonding
face of said second silicon substrate (2) except a portion
or portions corresponding to said electrode or electrodes
(21) formed on said 'second silicon substrate (2), and then
bonding said first and second silicon substrates (1, 2)
through said S$i0, membrane by a Si direct bonding method.

26. A method according to claim 25, characterised in that
formation of the or each vibrating plate (5) is effected by
carrying out an alkali anisotropy etching process on the
first silicon substrate (1).

27. A method according to claim 25, characterised in that
the formation of the or each electrode (21) is effected by
doping said second silicon substrate (2) with p-type or
n-type impurity. :

28. A method as claimed in either claim 25 or claim 286,
characterised in that it includes the steps of - forming
n-type impurity on the p-type silicon substrate, and
forming the or each vibrating plate (5) by applying an
electrochemical anisotropy etching step on the first
silicon substrate (1).
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