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An ink jet prlﬂ%e%mheaé- et-s—Horth i nk

roplets onto a recording nedium

to formdots thereon. - Print of extrenely high resolution is realized if
the size of the ink droplets is reduced. For high speed printing, the

nunber

of nozANK JET PRINT HEAD AND A METHOD OF MANUFACTURING THE SAME

The present invention relates to an ink jet printer

head , a method of manufacturing an ink jet printer heaa and
a method of processing a silicon single crystal substrate in

use with an ink jet printer head.

An ink jet printer head shoots forth ink droplets onto
a recording medium to form dots thereon. Print of extremely
high resolution is realized if the size of the ink droplets is
redubed. For high speed printing, the number of nozzle
openings must be increased. Particularly, in the printer head

of the type in which piezoelectric vibrating elements are used

as an energy source for expelling ink droplets, the pressure

generating chamber must be designed to be as.large as possible
in order to efficiently use the energy of the piezoelectric
vibrating eiement. This requirement for the efficient use of.
the energy is contradictory to the current tendency of the size
reduction 6f'the printer head.

Measure currently taken for the contradictory problem

is to reduce the thickness of the wall partitioning the
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‘openings must be increased. Particularly, in the printer head of the type
I n which piezoelectric vibrating elenents are used as. an energy source for
zeéxpel ling ink droplets, the pressure generating chanber nust be desi gned
tec be as large as possible in order to efficiently use the energy of the
pi ezoel ectric vibrating element. This reﬁuirenent for the efficient use of
the energy is contradi-ctory to the current tendency of the size reduction
of the printer head. ' Measure currently taken for the contradictory

problem is pajaednee phesifiékyeneratinge vhhibpasti tandi e tkalarge the
2 adj acent pressure generating chanbers, and to enlarge the pressure
generating chagleuve genealtdngi thdinbersdinetheodongitudinal direction.
| To form the pressure generating chambers 'and thg
reservoirs, path holes are formed in a spaceﬁ for setting the
vibrator plate and the nozzle plate fixed distance apart.
Since fhe'path holes must be formed in conformity with the
pressure generatiﬁg chambers that are extremely small aﬁd
compiicatedly shaped, the etching technigue is usua}ly used.
A photosensitive resin film is usually used for the
spacer. The spacer made of photosensitive regin has a small
mechanical strengfh. The printer head using such a defective
spacei suffers ffom cross talk, deflection, and the like, and
attempt to achieve high resolution is accompanied by
deterioration of print guality. '
To cope with this problem, there are some proposals as
disclosed USP .No. 4312008 and Examined Japanese Patent
Publication No. Sho. 58-40509. In the proposals, a silicon
single-crystal substrate vertically oriented in (110) is cut
out so as to have the.thickness suitable for the spacer. Path
holes shaped for preésure generating chambers and ink Supplj
paths Are fdrmed in the silicon single-crystal substrate by
anisotropic etching process. The spacer of the silicon single-.
crystal substrate has a large mechanical strength. Therefore,
the deflection of the whole print head caused by deformation of
the piezoelectric viﬁéating elements is minimized. The walls

undergoing etching are substantially vertical to the surface of



” To formthe pressure gengrating chanbers and the reservoirs, path
hol es are fornmed in a spacer for setting the vibrator plate -and the

tnozzl'e plate fixed distance apart. Since the path holes nust be forned in
conformty with the pressure generating chanbers that are extrenely smal
and conplicatedly shaped, the etching t@bhnique I's usual ly used. A
phot osensitive resin filmis usually used for the spacer. _The s de
of phot osenshé i sgpaceasi n Hexauses P FXlﬁecHQﬁi PEPSSUTE,geRe TRt NG i%%%%rehfgd
usi ng such a defective spacer suffers fromcross tal'k, deflection, and the
like, and cancpgptunbt Ew%P?W%ﬂrresolution I s acconpani ed by

deterioration of print quality. pe W IS p .. th |
are sone pr.oposal s HyLS ﬁ%%?%%eﬁaﬂsg‘ﬁo.“'zi’%%%pd@g aéllgb%%xﬁﬁ néﬁpggggnes?ﬁe
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shape the pressure generating chambers ideal for the ink jet

printer head. Because of the unsatisfactorily shaped pressure

generating chambers, ink tends to stay and to generate bubbles

in the pressure generating chambers.

The 'spacer formed of the silicon single-crystal
substrate is advantaéeous in that the pressure 'generating
chambers may be reduced in size, but is disadvantageods‘in that
a mechanical strength of the whole spacer is small. Because of
the fragile spacer, it is difficult to handle the spacers in
assembling the.ink jet printer head. Further, it is difficult.
to secure a compliance sufficient for effectively utilizing the
pressure energy generated' by the piezoelectric vibrating

elements and the heat generating means.

It is, therefore, the object of the present invention to
provide an ink jet printer head and a method for producing same
which avoid the above-mentioned drawbacks. This object is
solved by the ink Jjet printer head of any one of the
independent claims 1, 11, 18, 24 or 29, the method of
manufacturing an ink jet printer head of any one of the
independent claims 38 or 39, and the method of processing a
silicon single-crytal substrate according to any one of the
independent claims 33 or 34. Further advantageous features,
aspects and details of the invention are evident from the
dependent claims, description and drawings.

The claims are intended to be understood as a £first non-
limiting approach of de¢fining the invention in general terms.

The invention provides an ink jet printer head in which a
spacer for setting a cover member and the nozzle plate with
nozzle openings at a fixed distance apart and having pressure’
generating chambers, reservoirs, and ink supply paths
connecting them, is formed of the silicon single-crystal
substrate.
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pat hs: are formed in the silicon single-crystal substrate-by- ahisotropic
_etching process. The spacer of the sijlicon single- crystal substrate has a
“large mechanical strength. Therefore, the deflection of the whole print
héad caused by deformation of the piezoelectric vibrating elenments is

m ni mized. The walls undergoing etching 4re substantiall y vertical to the
surface of 3 the spacer. Because of

this, the pressure generating chanbers can be uniformy forned.

This spacer Aecotdingotbow nfiyzrtodspgcthosfvahe pYrsenk| ipvestien.byn hbnk
etching are jetipeihnter theid is pvicded msingha @panen famedrokm fibicon
Therefore, jsingletdfystal substhape,tBe plwasussogthefdiavhgPatashdrem dehe
for the ink jmt spppiyerpatkhsl. (BepdiRg 60 tBRTUASAS sNAELON |BAWMhedo the

pressure gepE2SSUYR EenERating nkhambers t M2y apeandorne en%Fﬁ‘t‘E-‘-B%bb?‘E@Pth_
supply of ink to the pressure generating chambes and smooth

discharge of ink bubbles.

Another aspect of the present invention is to provide
a novel ink jet printer head which allows the spacer thereof’
formed of a thin silicon single-crystal substrate
which is preferabl
approximately 360 um thick to easily be handled.

Yet another aspect of the present invention is to
providé a novel ink jet printer head in which the pressure
generating chambers reduced in size have compliance large
enough to shoot forth ink droplets.

Still another aspect ©f the present invention is to
provide a method of manufacturing the ink jet printer head,
more particularly an etching method for forming a spacer by
etching a silicon single-crystal substrate.

According to a specific aspect, - there is provided an ink
jet printer head having a nozzle plate having an array of
'nozzle openings, a spacer 'including path holes for forming
pressure generating chambers, ink supply paths, and reservoirs,
a {ribrator plate receiving vibrations of piezoelectric
vibrating elements, and the pi_ezoelectric- vibrating elements
' longitudinally vibrating in accordance with print data. In the
ink jet printer head’,f the spacer includes a silicon single-
crystal substrate vertically oriented in (110) that is
preferably .

processed by anisotropic etching process such that one of the

walls defining a path hole forming a pressure generating
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I nét he pressure generating chanbers. The spacer formed of the
silicon single-crystal substrate is advantageous in that the pressure
generating chanbers may be reduced in size, but is disadvantageous in that
a rmechani cal strength of the whole spacer is small. Because of the fragile
spacer, it is difficult to hahdle the spaders in assenbling the ink jet
printer head. Further,-it is difficult. to secure a conpliance sufficient
for effectively utilizing the pressure energy generated by the

pi ezoel ectri gpyiBER! 800kt RGNS B bidvoMate GRNAIAIMIRL NGNS paith hiole
therefore, the object of the present invention to provide an ink jet

printer headrgpfliAg"BhNeAKkf 8hppIpdpstng sane which avoid the

above- nenti oned drawbacks. Thi's object is sol weemblifythe ink jet printer
head of any one of thkei pRPeGEEDY phoheswherkl inlS t&dort@9stapeandt tbe
of manufacturing an'ink jet printer head of any one of the independent '
clai ns 38 orpBé@ssand geaepretiing chapbersssire fiosinedcdn & rglaner ythereby
substrate according to any one of the independent clains 33 or 34. Further
advant ageousefigatings a2 aspewtls fhdwdefai irnkef anste preeentbng assayyi@endink
fromthe dependent clains, description and drawings. The clains are

i nt ended to dpebhhelerstood as a first non- limting approach of defining the
invention in general terns. The invention grovides an inkp&g&, ri ter_hEad

in which a According +c a prafened aSdecT, there is ided an in
jet printer head having a spacer, pressure generating means
formed by two cover plates ) sandwiching the spacer

therebetween, ink supply paths connecting the nozzle openings
and the reservoirs being provided in connection with the
: Wwherein

pressure generating chambers, the pressure generating chambers
are _ provided with'pressure generating sources. In the ink
jet printer head, the spacer is a silicon single-crystal

' preferabily
substrate vertically oriented in (110) that is,processed by
anisotropic etching process such that the pressure generating
chamber is formed by a path.hole with a bridge means.

can

The bridge means of the path hole, prevent- the
partition walls defining the pressure generating chambers from
falling down.

The partition walls for partitioning the pressure
generating chambers are each separated by a space in the form

of a slit, and the partition walls are deformed when receiving

a pressure that is applied to ink for ink discharge.
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spacer for setting a cover nenber and the nozzle plate with nozzl e openings
at a fixed distance apart and havi ng pressure generating chanbers,
reservoirs, and ink supply paths connecting them is formed of the

si Ficon single-crystal substrate. ' 4
According to a first aspect of the presenf invention, an ink jet printer
head is provided using a spacer formed of a silicon single-crystal
substrate, so that snmooth flow paths fromthe ink supply paths (tending to
serve as narrow pat lgg)h othée defesmatdéongemr athengwahdshafs the Ipredsured
ensuring snooth supply of ink to the pressure generating chanbes and snooth
di schar ge ofgdrucauil eshambers at Athehdrimgspedt shoohingr &Rghh | 4DEnt idn
is to provide a novel ink jet printer head which allows the spacer thereof
forned of a ddniplisindec drargienginoughy $PaEheels foRtd ik Hs S95 ably )
approxi mately 200 [err]mjhick tg@ easily be handl ed. Yet anot her’
aspect of the Apesang ety '66‘93'§hﬁ§e £$ RYo¥ided g drethpd % BRIGRSFLNEad

in which the pressure . . . .
a ps.i.licon single-crystal substrate in use with an ink jet

printer head in which patterns of anisotropic etching
adventn gecusly

protecting patterns,made of silicon dioxide, coincident in
confiéuration with patterns for forming path holes, are formed,
preSeraivly .
in a mirror image fashion, on the obverse and the reverse side
of a silicon single-crystal substrate vertically oriented in
(110):?;:ﬂ1ng a fixed thickness, and the silicon single-crystal
substrate with the patterns formed thereon is processed from
‘the obverse and the reverse sider thereof by anisotropic
etching process, thereby forming the path hoies; etching
protecting patterns defining a narrow, second pattern connected
to a relatively large, first pattern, which are located'in
regions where the first patiern and the second pattern are to
be formed, are aligned with each other, and a blade-like
etching protecting pattern is formed in parallel with 4
second path hole while being substantially aligned with a
second wall.

This manufacturing method controls the etching so as
not to be exéessive, using the blade-like etching patterns.

Therefore, fine and precise path holes can be formed in the

silicon single-crystai substrate.



gemerating chanbers reduced in size have conpliance | arge enough to shoot
forth ink droplets. Still another aspect of the present invention
I's to provide a nethod of manufacturing the ink jet printer head, nore
particularly an etching method for fornin% a spacer by etching a silicon
singl e-crystal substrate. According to ‘a specific aspect, there is
provided an-ink jet printer head having a nozzle plate having an array of
nozzl e openi ngs, a spacer including path holes for formng pressure
generating chanbers, ink supply paths, and reservoirs, a vibrator plate
receiving vibrations of piezoelectric vibrating elenments, and the
pi ezoel ectric vibratfpg.ehemenas ekphgdbddiiels Eshowina iang ink ajetopiaEneer
with print data. In the ink jet printer head, the spacer includes a
silicon singhead cagsbsiiagbsbr aheembotimehlty odr ittt gteisentl idverttdon;s
preferably processed by anisotropic etching process such that one of the -
wal | s defining.a patRigol 2 ioraripkpra viress sthewipger ssparer used in the ink
jet printer head;

Fig. 3 is an enlarged, perspective view showing a
portion of a vibrator plate where it is in contact with
piezoelectric vibrating elements;

Figs. 4(a)'and 4(b) are a perspective view and a cross
sectional view showing respecti%ely a piezoelectric vibrator
unit and the structure of electrodes of the vibrator unit;

Fig. 5 is a cross sectional view showing a part of the
ink jet printer head;

Fig. 6 is an enlarged, cross sectional view showing
‘pressure generating chambers and their related portions of the
ink jet printer head;

Figs. 7(a) énd_?(bf are enlarged, plan views showing
the pressure generating chambers and their related portions of
the spacer in the ink jet printer head, the illustration
showing a positional' relationship among nozzle openings,
islands, and piezoelectric vibrating elements when the nozzle
plate, the vibrator plate, and the piezoelectric vibrating
element are fastened;

Fig. 8 is an enlarged view showing the configuration of

a path hole forming the pressﬁre generating chamber;



chanmber is continuous to one of the walls defining a path hole form ng an
i_nk supply path. The ink supply paths where normally ink tends to
‘Stay and the pressure generating chanbers are fornmed in a plane, thereby
ensuring a snooth flow of ink, .and preventing stay of ink bubbles.
According to a preferred aspect, there is $rovided an ink jet printer head
havi ng a spacer, ° pressure generating neans formed by tw cover plates
sandwi chi ng the spacer therebetween, ink supply paths connecting the
nozzl e openings andrige.r esgayorss (&¢i ageptdaigdashs showimcid equdntd hef
pressure generating chanbers wherein the pressure generating chanbérs are
provi ded wit stppssefirmamefertiring sospacer bynprbeesskngj @tsipkiceorersireple -
the spacer is a silicon single-crystal )

crystal substrate vertically oriented in (110) by anisotropic

etching process;

Fig. 10 is an explanation diagram for explaining a
state of etching as the result of a misalignment of etching
.patterns formed on thé obverse and the reverse side of the
silicon single-crystal substrate, which are used for etching
the surface of the substrate vertically oriented in (110) by
anisotropic etching process;

Fig. 11 is an explanatory diagram for explaining a
progress of etching process when the silicon single-crystal
substrate vertically oriented in (110) is etched by anisotropic
etching process;

Figs. 12(a) and 12(b) are diégrams showing an example
of patterns to form a spacer by etching the silicon single-
crystal substrate by anisotropic etching process, and a state
of the structure immediately before the etching process ends;

~Fig. 13 is an enlarged, plan view showing etching
patterns of the reservoirs in the structure for supplying ink
from one reservoir to two pressure generating chambers;

Figs. 14a and 14b are diagrams showing another pattern
for the anisotropic etthing, the illustration showing a state
of etching immediately before the etching ends;

Fig. 15 is an enlarged, plan view showing another

etching pattern containing reservoirs in such a structure for



supstrate vertically oriented in (110) that is preferably processed by
ani sotropi c etching process such that the pressure generating chanber is

forned by a path hole with a bridge neans. The bridge neans of
the path hole can prevent the partition walls defining the pressure
generating chanbers from falling down. 2 The partition walls for -

partitioning the pressure generating chanbers are each separated by a
space in the form of a slit, and the partition walls are deforned when

recei ving a re sur PBheeddserviid Ofol Rigodi SE¥iBéd€of pressure
Wth the def§ ?&H ofq?%ekéo Ighof the pressure generating chaﬁ%ers at

the tinme of %ﬁ%&h%ﬁn@o%hgmb@%S; a conpliance Iarge enough to shoot forth
ink is securéd. :

Fig. 16 is an enlarged, cross sectional view showing a
portion of the path hole forming the pressure generating
chamber in the vicinity of the nozzle opening;

Fig. 17 is a view showing another path hole forming the
pressure generating chamber;

Fig. 18 is a view showing yet another path hole forming

the pressure generating chamber;

Fig. 19 is a view showing still another path hole
forming the pressure generating chamber; |
| Fig. 20 is an enlarged, cross sectional view showing a
portion of the path hole forming the pressure generating
chamber in fhe vicinity of the nozzle opening;

Fig. 21 is a view showing a further path hole forming

the pressure generating chamber;

Fig. 22a is a plan view showing the structure of
another spacer;

Fig. 22b is a plan view showing a positional
relationship of the nozzle openings, islands, and piezoelectric
vibrating elements wnen the nozzle pléte, the vibrator blate,
and nhe piezoelectric vibrating elements are mounted on the
spacer; |

Fig. 23 is a view showing an additional path hole

forming the pressure generating chamber;



T
According to a further as there is provided a nethod of processing a
silicon single-crystal substrate in use with an ink jet printer head in
Whi ch patterns of anisotropic et chi ng protecting patterns advantageously
made of silicon dioxide, coincident in configuration with patterns for
formng path holes, are formed, in a mrror image fashion, on the obverse
and the reverse side of a silicon single-crystal substrate vertically
oriented in (110), nornmally having a fixed thickness, and the silicon
single-crystal substrate with the patterns fornmed thereon is processed
from the obverse and the réverse sidelthhereof by anisotropic etching
process, thereby formng the path holes; etching protecting patterns
defining a narrow, second pattern connected to a relatively large, first
pattern, which arerigpcapedisna rexps¥ISsebeLonabe viighsisHmiimy ntik@dcibes
second pattern are to be formed, are aligned with each other, and a

bl ade- | i keseetitmal shiadpecdf ngrpditidgejs formed in parallel with a second

path hol e whil e being substantially allgned with a second wall.

Figs. 25 and 26 are views of exemplary etching patterns
formed on the obverse and the reverse side of the silicon
s;ngle-crystal substrate to form the path holes;

Figs. 27 (a) to (d) and 28 (a) to {(d) are a cross
séctionai view and a plan view showing a progressive state of
the etching that is carried out using the above etching
patterns; | .

fig. 29 is a plan view showihg another path hole
forming the pressure generating chamber;

Figs. 30a and 30b are plan viewé showing other spacers
used for the ink jet printer head according to the present
invention;

Fig. 31 is.a graph showing a curve représentative of
defective-discharge occurrence rate vs. the width w of the

partition wall;
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This manufacturing nethod controls the etching so as not to be excessive,
using the blade-like etching patterns. Therefore, fine and precise path

thes can be forned in the silicon single-crystal substrate.

7 " Fig. 1 is an exploded vies showing an ink jet printer - head

according to an enbodi nent of the present invention;
pl.an view showi ng a spacer used in the ink jet printer head,

Fig. 2is a
Fig.

3 is an enl arged, perspective view showing a portion of a vibrator plate

where it is in contact with piezoelectric vibrating el enents;

Figs. 325 « and 3pp are plan views showing 'patterns

formed on the obverse and the reverse sides of a spacer formed

of a silicon single-crystal substrate when the spacer is

processed by anisotropic etching process;

Figs. 33 (a) o (f) are views showing a sequence of

steps for forming a spacer by anisotropic etching process;

Figs. 34a and . 34bare cross sectional views showing

slits formed by anisotropic etching process when viewed in the

longitudinal direction of the pressure generating chamber;

Figs. 35a and 35b are plan views showing another type

of patterns formed on the obverse and the reverse side of the

silicon single-crystal substrate;

Fig.36 is a cross sectional view showing an additional

spacer;

Fig. 37 is an enlarged, perspective view showing a key

portion of an ink jet printer head according to an additional

embodiment of the present invention;

Figs. 38 (a) to (d) are plan views showing a

method of

manufacturing the spéces,according to the present invention;

ot *he wi _{e* ?r:“'\""— head
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Figs. 4(a) and 4(b) are a perspective view and a cross sectional view
showi ng respectively a piezoelectric vibrator wunit and the structure of

&l ectrodes of the vibrator unit; Fig. 5is a cross sectional view
showi ng a part of the ink jet printer head; Fig. 6 is an enl arged,
cross sectional view show ng - pressure generating chanbers and their
related portions.of the ink jet printer head; Figs. 7(a) and 7(b)

are enl arged, plan views show ng tfmar#%5sure generating chanbers and
their related portions of the spacer in the ink jet printer head, the
illustration showing a positional relationship anong nozzle openings,
i sl ands, and pi ezogligct B9 Ciyidm adn ey gedeprss pecti véevivw Alowigigite keashe
vibrator plate, and the piezoelectric vibrating elenent are fastened,
Fig. 8 is poreion gefl aneWxﬂhoyemgpthBte@‘nfhW aBcenreinga Ysat & einther
formng the pressure generating chanmber; -

embodiment of the present anentxon, and

Fig. 40 is an enlarged, perspective view showing a key
portion of an ink jet printer head according to another

embodiment of the present invention.

In Fig. 1 showing an embodiment of thé present
'invéntion, linear opening arrays 3 each consisting, nozzle
openings 2 are formed in a nozzle plate 1. These noz:zle
openings 2 are linearly arrayed at such pitches as to form a
print density of 180 DPI.

A spacer 4 is sandwiched between a vibrator plate 10
serving as a first cover plate (to be given later) and the
nozzle plate 1 as a second cover plate. As shown in Fig. 2,
the spacer 4 contains pressuie generating chamberé, reservoirs,
an ink supply port connecting them, and paﬁh holes 5, 6, 7, and
8 for forming fluid paths for distributing ink from an ink tank
to the reservoirs.

A vibrator plate 10 cooperates with the spacer 4 and
the nozzle plate 1 to form the pressure generating chambers.
As shown in Fig. D, @ach

of the pressure generating chambers is formed of an island
11 and a thin portion 12. The island 11, in contact with the
top of a piezoelec€£ic vibrating element 30 contained in a

piezoelectric vibrator unit 21, has such a rigidity as to



8: Figs. 9 (a) to (e) are diagrans show ng a sequence of steps of
manuf acturing a spacer by processing a silicon single- «crystal substrate
*vertically oriented in (110) by ani sotropic etching process; : Fi g.
10 is an explanation diagramfor explaining a state of etching as the
result of a misalignment of etching pattiérns formed on the obverse and the
reverse side of the silicon single-crystal substrate, which are used for
etching the surface of the substrate vertically oriented in (110) by

ani sot ropi ¢ g}-gRkRYL Pa aEESSIacement of Ehe plezioelametedd ardrating ajemenfor

explaining a progress of etching process when the silicon single-crystal

substrate venpigalthe Yoy largest) arsaet chiee Hyimrpeotiopil? ist formgd

PrOBESS: in the peripheral area of the island 11. ‘With such a
construction, the pressure generating chamber can efficiently
be expanded and compressed in accordance with stretching
motions of the piezoélectric vibrating element 30.

The piezoelectric vibrator units 21 are arranged as
shown-in Fig. 4(a). The piezoelectric vibrating elémepts 30 of
the piezoelectric vibrator units 21 are arrayed' at fixed

N pitches along the fixing board 31 in a state that the first
ends of the piezoelectric vibrating elements 30 are attached to
the fixing board 31, while the second ends-thereof are free so
as to.allow the piezoelectric vibrating elements 30 to vibrate
in a longitudinal vibration mode.
Each piezoelectric vibrating element 30, as shown in
Fig. 4(b), is constrﬁcted such that piezoelectric vibrating
members 32, drive electrodes 33, and common electrodes 34 are
alternately layered. The rear ends of the drive electrodes 33,
exposed to outside, are connected in parallel by an external
- drive electrode 35, which is formed by vapor deposition
process, for example. The common electrodes 34 are extended to
the free end of the piezoelectric vibrating element 30 and
connected in parallel by an external common electrode 36
extended to the sides of the piezoelectric vibrating element.

The outer ﬁ;jor surfaces of the external drive

electrodes 35 of the piezoelectric vibrating elements 30 are
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Figs. 12(a) and 12(b) are di agrans show ng an exanpl e
by etching the silicon single- crystal substrate by anisotropic

a spacer

‘etching process, and a state of the structure inmmedi ately before the
etcthi ng process ends; Fig. 13 is an enlarged, plan view show ng
etching patterns of the reservoirs in th¥structure for supplying ink
fromone reservoir'to two pressure generating chanbers; Figs. l4a
and 14b are di agrans showi ng anot her pattern for the anisotropic etching,

the illustraghpatranewandyd Sl with etREi #3xifge beded y3bef orrhe hextdemahg

ends;

Fig. 15 is an enl arged, plan view show ng another etching

pattern cont gommog ePsct¥odes 36 cfutheapsétoeliecerlier vibrating elements 30
9 supplying 1nk fromone reservoir to two series of pressure

are electrically and physically coupled with electrodes 40

of patterns to form

formed on the bottom end faces of dummy vibrating elements 39, .

which are located on both sides of the array of the
piezoelectric vibrating elements 30, by means of a conductive
member 38. The electrodes 40, 1like the -external drive
electrode 35, are formed on the bottom end faces of the dummy
vibrating elements 39, and are to be coupled with a connection
circuit board.

Returning to Fig. 1, a print head body 42 includes unit
receive holes 43 for receiving piezoelectric vibrator unit 21
in a state that the free énds of the piezoelectric vibrating
elements 30 are exposed to outside, and an ink supply port 44
for supplying ink from an ink tank to the reservoirs. An
assembly of the vibrator plate 10, the spacer 4, and the nozzle
plate 1 is firmly'attached'to the surface of the print head
body 42 by means of a frame member 45, which also serves as an
electrostatic shield. The resultant is a record head assembly.
Fig. 5 is a cross sectional view of the record head assembly
thus constructed when viewed in the direction vertical to the
nozzle array. The piezoelectric vibrator units 21 are fastened
to the print head body 42 by epoxy resin. Reference numeral 46
designates an inflow port connecting to the ink tank.

In the constf;ction of the record head shown in Fig. 1,

the path holes 5 of the spacer, as shown in Fig. 6, are closed

ot F-S-L



gener ati ng chanbers; Fig. 16 is an enl arged, .cross sectional view
showing a portion of the path hole formng the pressure generating
‘chanber in the vicinity of the nozzle opening; Fig. 17 is a view
shbwi ng another path hole formng the pressure generating chanber;
Fig. 18 is a view showi ng yet another pat¥Phole forning the pressure
gener ati ng chanber; - Fig. 19 is a view showing still another path
hole form ng the pressure generating chamnber; Fig. 20 is an
enl arged, crpgs teet nozalleviplatdow rgnd: the tvibratothelaeh bo| e thevEbyy
t he pressure generating chanber in the vicinity of the nozzl e opening;
Fig. 21 i s aformingh@resguxd wenemagiagh dldmbéns ndegighhtedr bysumeference
generati ng chanber; . - Fig. 22a is a plan view show ng the structure
of another. spmesrl 48. Wherrithe 2hini poatpranlyi efs theowiRratpoRiatendl0,
which receives a stretching motion of the piezoelectric
vibrating element 30 through the island 11, is deformed to
compress the pressure generating chamber 48, the pressure
generating chamber 48 pushes ink contained therein to exterior
in the form of ink droplets through the nozzle opening 2.
Figs. 7(a) and 7(b) are enlarged, plan views showing
the path holes 5, which form the pressure generating chambers,
and their related portions of the spacer 4 in the ink jet
printer head. Path holes 5 to serve as pressure generating
chambers 48, path holes 6 to serve as reservoirs, and path
holes 7 to serve as ink supply ports are formed in a silicon
single-~-crystal substrate vertically oriented in (110). The
silicon single-crystal substrate has the thickness necessary
for the spacer, e.g., 220 um.
The path holes 7 to serve as ink supply ports are each
designed such that the walls 7a and 7b defining the path hole
- 7 are spaced apart from each other such a distance as to gain
a flow path resistance suitable for the ink supply path, and
that the wall 7a of the path hole 7 is aligned with a wall 5a
of the path hole 5 forming the pfessure generating chamber 48.
In a case where the vibrator plate 10 is bonded to the

nozzle plate 1 by éahesive, indentations 50 for receiving

adhesive are formed around those path holes by anisotropic
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el ationship of the nozzl e openings, islands, and piezoelectric vibrating

el ements when the nozzle plate, the vibrator plate, and the piezoelectric
*Vi brating el ements are nounted on the spacer; Fig. 23 is a view
shrowi-ng an additional path hole form ng_:the pressure generating chanber;.

10 Fig. 24 is a cross sectional*&iew showing the cross sectiona
shape of a .bridge; - Figs. 25 and 26 are views of exenplary etching
patterns formed on the obverse and the reverse side of the silicon

si ngl e- cryst ekchilhgt paveess. f e tihdepsatien §9; is approximately 100 pum or

shorter long in one of the sides thereof. The depth of the

_ indentation 50 is selected so as to have such a volume as to

contain excessive adhesive.

An opening area of the'indentation 50 is preferably

within a range between 0.001 mm? and 0.01 mm?. When it is

smaller than 0.001 mm?, the indentation 50 can unsatisfactorily
recei;e the excessive adhesive. When it is larger_than 0.01
mm?, an unsatisfactory adhesion area is secured, weakening the
adhesion of the vibrator plate 10 to the nozzle plate 1.

When an eutectic jointing method, not using adhesive,
is used, there is no need of using these indentations 50, as a
matter of course.

Fig. B8 illustrates a path hole forming a pressure
generating chamber 4B and a path hole forming an ink supply
path, and angles of the walls of these pathvholes. The path

hole 5 forming the pressufe generating chamber 48 includes

' seven walls 5a to 5g. The walls 5b, 5f, Sg, and 5a around the

nozzle opening 2 are jointed at angles 63, 84, and 85. The
angles 63, 64, and 65 are obtuse angles of approximately 152°,
100°, and 110°, respectively. The walls 5c, 5d, and 5e of the
path hole 5, located adjoining to the path hole 7 to serve as
the ink supply path, are arranged so as to gradually enlarge a
junction area where the ink supply path opens to the pressure

-

generating chamber.
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27 (a) to (d) and 28 (a) to (d) are a cross sectional view and a

Fi gs.

plan view showing a progressive state of the etching that is carried out
usi ng the above etching patterns; Fig. 29 is a plan view show ng
anot her path hole formng the pressure generating chanber; Fi gs.

30a and 30b are plan views showi ng ot her ispacers used for the ink jet

printer

head according to the present invention; Fig. 31is a

graph showing a curve representative of defective-discharge occurrence
rate vs. the width gphefwhie 7936t idHepa¥H lhole 7 for the ink supply path

is formed so as to be continuous to the wall 5a of the path
hole 5 for the pressure generating chamber. The wall 7b of the
path hole 7 is spaced apart from the wall 7b and arranged in
parallel with the latter. The distance between them is
seiected to such an extent as to gain a flow path resistance
suitaple for the ink supply path. The wall 7a of the path hole
7, which straightforwardly extends from the pressure generating
chambers to the ink supply path, is connected to the éall 6a of
the path hole 6 for thé reservoir by way of an enlarged
junction part defined by the two walls 6b and 6c of the path
holes 6. 1In the figure, an angle 61 is 30°, and an angle 62 is
approximately 70°. |

To assemble, adhesive is applie& to the spacer 4 thus
Structured, and sandwiched by the nozzle plate ‘1 and the
vib;ator plate 10 after these are accurately positibned to one
another, and the assembly' of those components is pressed
together. Adhesive not used for'bdnding'them flows into the
indentations 50 located around the path holes 5, 6 and 7
respectively for the pressure generating chambers, the ink
supply paths, and the reservoirs. As a result, such a
disadvantageous situation that adhesive flows into the pressure
generating chambers, the ink supply paths, and the reservoirs,
thereby changing the volumes of them, will never occur. In the
resultant structure ézoduced after completioh of the bonding

process, each nozzle opening 2 of the nozzle plate 1 is located
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Figs. 32a and 32b are plan views show ng patterns fornmed on the obverse
and the reverse sides of a spacer forned of a silicon single-crystal
Substrate when the spacer is processed by anisotropic etching process;
Figs. 33 (a) to (f) are views showing a sequence of steps for formng a
spacer by ani sotropic etching process; 18 Figs. 34a and . 34b are
cross sectional views showing slits forned by ani sotropic etching process
when viewed in the |longitudinal direction of the pressure generating

chanber; near ati€ite &thi od dBhterelpheanofi ehs sathinolerHitrersdrmee asof
patterns fornmed on the obverse and the reverse side of the silicon '

si ngl e- cryst ghes piwissaire generating-i gh&6bes, a andossackcisdaad ilewofhahieng
an additional spacer; Fig. 37 is an enlarged, perspective view
showi ng-a kegpapert kodsolexaendsl jocaerptihe cubrkantbablyl aatiseadength of
addi tional enbodi nent of the present invention; Fi%s. 38 (a) to
(d) are pl antheeVBresmire g Ienesardadof chamber. When the piezoelectric

vibrating element 30 is driven in this state, the displacement
of the element is transferred to the whole pressure generating
chamber by way of the island 11. Therefore, the displacement
of tﬁe piezoelectric vibrdiing element 30 c¢an bg highly
efficiently transformed into a variation of the volﬁme of the

ﬁressure generating chamber.

In Figs. 9 (a) to (e) Fhow a sequence of steps for
manufacturing the spacer 4:";ﬂ:§licon single-crystal substrate
60 of the crystallographic axis (110), 220 um thick (enough to
satisfy the thickness required for the spacer), for example, is
prepared.. A silicon dioxide £film 61 whetis 3 pm thick, for
example, is formed on the surface of the silicon single-crystal
substrate 60 by thermal oxidation process. The <thickness
ot 1 pm is sufficient for the film 61 functioning as a
protecting film against an anisotropic etching liquid (Fig.

’

9(a)).
A hydrogen fluoride protecting film 62 is formed on the

obverse and the reverse side of the silicon single-crystal
substrate 60 with the silicon dioxide film 61 formed thereon by
~a lithography method. The protecting film 62 formed on the

substrate includes windows 63 and 64 corresponding to the path
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manuf acturi ng the spacerof the ink jet printer head according to the
present invention; 12 Fig.
39 is an enlarged, perspective view showing a key portion of an ink jet
printer head according to a further enbodiment of the present invention;

and Fig. 40 is an enl arged, per§§bctive vi ew showi ng a key
portion of an ink jet -printer head according to another enbodinment of the
present invention. In Fig. 1 showi ng an enbodi nent of the
present i nvgriliesns,l 6npeandopenand iof mesesSsary) thesisdéngatiomez30 e(FJ.g
openings 2 are forned in a nozzle plate 1. These nozzl e

9(b}).

In this state, the structure is etched using'a hydrogen
fluoride liquid, so that the portions of the silicon dioxide
film 61 corresponding to the windows for the path holes 5, §,
and 7, and the indentations 50 are etched away (Fig. 9(c)).
Patterns 6la and 61b of the silicon dioxide formed on the
obvefse and the reverse side of the substrate are somewhat
different in size from each other so that the pattérn 6la on
the obverse side covers the pattern 61b on the reverse side, in
this instance.

Following the steﬁ 6f forming the silicon dioxide
patﬁerns, the structure is etched in an aqueous solution of
potassium hydroxide of approximately 17 % in density, kept at
a fixed temperature, for example,; 80°C. In thé efching
process, only thé portions of the silicon dioxide £film
corresponding to the windowé 63 and 64 are etched away at the
rate of 2 uym/min., with the patterns 6la and 61b of the silicon
dioxide film as protecting films. 1In this case, the etching
progresses from both sides o©of the substrate at an angle of
apéroximately 35° to the surface of the subsfrate, viz., in the
direction vertical to the crystallographic axis (111).

As described above, the patterns 6la and 61b formed on
the obverse theland reverse side of the silicon éingle-crystal
substrate 60 are formed so that the pattern 6la covers the

pattern 61b. At the time of completing the etching process, a



openings 2 are linearly arrayed at such pitches as to forma print density
of 180 DPI. A spacer 4 is sandwi ched between a vibrator plate 10
serV|ng as a first cover plate (to be given later) and the nozzle plate 1
as"a second cover plate. As shown in Fig._ 2, the spacer 4 contains _
pressure generating chanbers, reservoirs, Oan ink supply port connecting
them and path holes 5; 6, 7, and 8 for forning fluid paths for
distributing ink froman ink tank. to the reservoirs. A vi brat or
plate 10 coopatdt ekohet 65 hésspiamieds whicht r@ﬁﬁegpenasat@ 15i8ef oFeh thhe

pressure generating chanbers. As shown in Fig 3, each of the pressure
generating cRPAFHEERS] §11boldﬁéd“éf‘gaﬁhfasF-éﬁ&erli”-&ﬁ&“’a (FdGr Fdd)ion BVenrrd

island 11, in cqontact with the top . of .a i ezoel ectric¢ Vlb atin
30 cont ai ned? Fldgh% Fisa ROty r f% Riftesns ﬂ%stgﬁcﬁ eFFg 'W%?%hﬁ

to reverse side of the substrate is caused, the etching size can
be controlled through by adjﬁsting the positions of the
patterns defining the larger window since at least the edges of
the patterns located outside are the etching surfaces.

Let us consider a case where patterns 70 and 71 of the
same size are formed on the obversé and the reverse-side of a
substrate 72, as'shoﬁn in Fig.- 10. In this case, if these
patterns are not aligned with each other, walls 72a and 72b are
formed in line with the boundaries of the patterns 70a and 7la
located outside a path hole 73 to be formed within the patterns
oppositely formedlon the obverse and the reverse side of the
substrate. The size of the path hole 73 formed by this etching
process is different from that of a path hole defined by the
patterns 70 and 71. As a result, it is impossible to control
the size of the path holes and the positions of the etching
faces.

After.the path hole 65 is formed, the silicon dioxide
films 61a and 61b used as a mask are removed by using hydrogen
fluoride. Thereafter, the structure is thermally oxidized to

athickness of :
form a silicon dioxide film 66 of l um for example,
(this figure indicates a film ﬁhickness satisfactory for the

protecting film) over the entire exposed surface thereof. This
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13  transnit a di spl acement of the piezoelectric vibrating el ement
.the possibly largest area. The thin portion 12 is forned
the island 11. Wth such a construction, the pressure

‘area of

generating chanber can efficiently be exganded and conpressed in

accordance with stretching notions of th
. The piezoelectric vibrator units 21 are arranged as shown in

30.

Fig. 4(a).

The piezoelectric vibrating elenments 30 of the piezoelectric

vi brator unigslPdonr@iaxidgefiibn 66xéd nsetclass almrotedring xEbbmbagadnst

in a state that the first

are attachedinl (Fig. f9¢&enhp. board 31, while the second ends thereof are

free so

as to allow the piezoelectric vibrating elenents 30 to vibrate

a | ongi tudinal vibr Rumingrdde course of phe ARIEAIAARLT i&FChiRgaPrRgessent
30, as shown in Fig. 4(b), is constrycted such that piez ?Iectrlc

vi brating

the silicon s;ngle-crysta substrate vertically oriented in
(110) till an intended pattern is formed, the etching
progresses at an angle of appro#imately 35° to the face
vertically oriented in (110), viz., aldng the face vertically
orien£ed in (111) as shown in Fig. 1ll. 1In order td_actively
use this nature, as shown in Fig. 12(a), an approximately 1/2
region of the path hole 5 for the pressure generating chamber
where it faces the nozzle opening is formed such that a
boundary 80a of an etching pattern B0 defining the wall of the
path hole is deviated toward the wall 5a thereof. A blade-like
pattern 81, extended to the path hole 5, is formed on the wall
7b of the path hole 7 for the ink supply.path. Thé wall 7b of
the path hole 7 is opposed to the wall 7a thereof, which is in
line with the wall 5a of the path hole 5. Further, blade-like
patterns 82 and 83 are formed on the inner sides of the path
hole 6 for the reservoir in a state that these patterqs extend
in line with the walls 7a and 7b of the ink supply path 7,
respectively.

During the anisotropic etching process that is carried

out using the etching patterns thus formed, in the stage of

forming the path hole 5, the etching progresses on the edge 80b
of the etching pattefﬁ 80 at a given angle to the wall 5b of

the path hole because the etching pattern B0 includes the edge

30 to
I n the peripheral

pi ezoel ectric vibrating elenent

ends of the piezoelectric vibrating elenents 30

in
nt



menbers 32, drive electrodes 33, and comon el ectrodes 34 are alternately
. layered. The rear ends of the drive electrodes 33, exposed to outside, are .

tonnected in parallel by an external drive electrode 35, which is forned

by*vapor deposition process, for exanple,_ The common el ectrodes 34 are
extended to
connected in parallel by an external commobn el ectrode 36 extended to the
sides of the piezoelectric vibrating el ement. ' The outer nmjor
surfaces of td@gpext ehealetdhing pogdesstss 35 néathetpmezm@xnnrf&cxng the
vibrating el ements 30 are

subst anti al | ynd2zish opiertiridhe sbi thay thernbzdle dpaning e2 na&nd cmmmlls 5a,
el ectrodes 36 of the piezoelectric vibrating elements 30 are electrically
and physi cal I15b cdifil @ndniSigh falcdogr shesnagzle opening, which are arrayed at,

the free end of the plezoeIeE?rlc vi brating el enent 30 and

obtuse angles, are formed. At the junction part between the
ink supply path and the pressure generating chamber and another
jﬁnction part between the ink supply path and the reservoir,
the etching is stopped when these junction parts are expanded
to suéh an extent as to prevent ink from staying the inlet and
outlet of the ink supply path as a narrow path for ink flow.
With this, a fluid resistance proper for the ink sppply pafh is
secured.

In the stage of etching the path hole 7 for the ink
supply path, the blade-like patterns 81, B2, and 83, the ends
of which are extended from the walls, are first etched (Fig.

lZ(b))n Accordingly, in the final etching staée, viz., an

_etching stage where a through-hole is formed through the

etching from both sides and intended patterns are formed, walls
5d and 5e, slanted at the angle 61 « 30° to the walls 5c and
7b, are formed in the region or the junction part of the path
hole 7 where it opens to the pressure generating chamber.
Further, walls 6b and 6c, slanted at the angle 62 ~ 70° to the
walls 6a and 7a, are formed in the junction part of the path
as shewn (& Fig, §,
hole 7 where it opens to the reservo;rA As a result, the inlet

and the outlet of the ink supply path are expanded in diameter.

With this expanded “épenihgs, ink smoothly flows into the
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fermed on the bottomend faces of dummy vibrating el enments 39, which are

| ocated on both sides of the array of the piezoelectric vibrating elenents
*30, by means of a conductive menber 38. The electrodes 40, like the
eXternal drive electrode 35, are formed on the bottomend faces of the
dummy vibrating el ements 39," and are to2Be coupled with a connection
circuit board. - Returning to Fig. 1, a print head body 42 incl udes
unit receive holes 43 for receiving piezoelectric vibrator unit 21 in a

state that tgeeége,%eeneénaéaéﬂ?g PiEAHEIS! T ifrofl Didld Nees@r9BBR,S 3QtAbRt
exposed to otitside, and an ink supply port 44 for supplying ink from an

ink tank to gaﬁe£§§§ﬁ§0bﬁ§blesﬁaf aseenbly of the vibrator plate 10, the
spacer 4, and the nozzle plate 1 is firmMy attached to the surface of the

print head body 42 bygieass Dé anf renargedper plan Wiiek aliavirry Veschingn
el ectrostatic shield. The resultant is a record head assenbly. Fig. 5is a
cross secti opatteresy of the resexrvoimmdimsskebsyruthusecofisthecpatihnwhehes
viewed in the direction vertical to the
6 for the reservoirs, in which ink is supplied from one
réservoir to two séries of the pressure generating chambers.
In this structure, the nozzles of the series of the pressure
éenerating chambers aﬁe slightly dislocated from one another.
Therefore, blade-like patterns 82, 83, 82', and 83’, which are
éxtended from the path holes 7 and 7' to serve as ink supply
paths to the pressure generating chambers, little lap.

Figs. l4a and 14b are diagrams showing another pattern
for the anisotropic etching. 1In this pattern, a junction part
of the path hole 7 to serve: as an ink supply path and*tapath
hole 6 to serve as a reservoir is formed as a narrow
continuous pattern 85. A sinéle blade-like pattern B6 is
extended in the axial direction of the path hole 7 to serve as
the ink supply path.

In this pattern, the junction part of the ink supply

"path 7 and the path hole 6 for the reservoir is blocked by the
narrow continuous pattern 85. Therefore,- an unnecessary
progression of the etching can be stopped by only one blade-
like pattern 86.

In a case where ink is supplied from one reservoir to
two series of the pr;;suré generating chamberé as in Fig. 13,

the object can be achieved by forming narrow continuous
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nozzle array. The piezoelectric vibrator units 21 are fastened to the
print head body 42 by epoxy resin. Reference nuneral 46 of Fig 1.

*Hesignates an inflow port connecting to the ink tank. In the
construction of the record head shown in Fig. 1, the path holes 5 of the
spacer, as shown in Fig. 6, are closed 24 by the nozzle plate 1 and

the vibrator plate 10, thereby form ng pressure generating chanbers
desi gnat ed by reference nuneral 48. When the thin portion 12 of the

vi brator pl %0 V"‘Hsdh d g0 ‘ﬁ r fo tHEL NG T ?%tl’xofholtet},e 7 and

piezoelectri ratlng %enent t hrough the island 1 Is deformed to
conpress the,,prf%g_sq._ ) gﬁ&eggkbmg LD ednd Sf oFiEn P NEEd 861 1 e PRI tdd i 86

chanber 48 pushes |n cont ai hed t erein to exterior in the formof ink

droplets thrgughgghe dpegh®impeFrdh 2he narrow continuous patterns in,
alignment with the path holes 7 and 7‘, as shown in Fig. 15.
Therefore, if these are displaced from the nozzle posifions of
the nozzle series, the blade-like patterns 86 and 86’ may be
laid out in a plane without lapping them.

- In the above-mentioned embodiment, the etching process
is stopped when the wall 5f comes in contact with the wall 5g.
However, if the etching process is further continued, two walls
5f1 and 5f2 are additionally formed on the wall 5f, and the
wall 5f is incurved in shape, as shown in Fig. 167 As.a
result, an .additional wall 5h is grown, which is slanted at an
angle 68 = 152° to the wall Sb'defining the pressure generating
chamber 48, as shown in Fié. 17. An angle 87 is approximately
125°. An angle 86 of the wall 5f1 (wall 5f£2) to the surface of
the spacer 4 is &pproximately 35°,

As the result of the etching process, a total of seven

- walls are formed around the nozzle opening 2. These walls are
five walls 5a, 5g, 5f, Sh, and Sb arranged at obtuse angles in
plan and standing up at a right angle to the surface of the
silicon single-crystal substrate, and two walls 5f1 and 5f2
connecting to the wall 5f.at the.angle 86 as viewed in the
cross sectional direction of the silicon single-crystal

substrate. With this structure, a more smoothly flow of ink is



Fi.gs. 7(a) and 7(b) are enlarged, plan views showng the path holes 5,
which formthe pressure generating chanbers, and their related portions of
‘the spacer 4 in the ink jet printer head. Path holes 5 to serve as _
pressure generating chanbers 48, path holes 6 to serve as reservoirs, and
path holes 7 to serve as ink supply por%% are formed in a silicon
single-crystal substrate vertically oriented in (110). The silicon
single-crystal substrate has the thickness necessary for the spacer, e.g.,

220 [err]m gecured inthePatikingtgsof thesmorelasopekisgpdly pordradbmgleach
designed such that the walls 7a and 7b defining the path hole 7 are spaced

apart from esgdy dhdubblEs aaltext appeasto gain a flow path resistance
suitable for the ink supply path, and that the wall 7a of the path hole 7
is aligned with a wilsd i3n the emRodimenthovkeznefbhei fgurhaaddss Axe formed
generati ng chanmber 48. In a case where the vibrator plate 10 is’
bonded to t lerounsy Ahe giogadel apprddfediv@ Ratdehode Gk IRY 0t it TURRYY

adhesive are forned around t hose path h%!%? Qy %pisotro i C )
path, which connects a path hole 350 for a pressure generating

chamber to a path hole 91 for a reservoir, may be formed such
that wélis 90c and 90d are formed which are obliquely extended
from £he longitudinal walls 90a and 90b defining the pressure
generating chamber, and the path hole 92 is located
substantially in alignment with the center line of the pressure
generating chamber (Fig. 18). With this §tructure; ink is
supplied from the reservoir to the pressure generating chamber
by way of an outlet of the ink supply path, which is defined by
the walls 90c and 90d outwardly expanded from the locations
near to the center of the end of the chamber toward the
pressure generating chamber, and walls 90e and 90f sécondérily
formed along the crystal axis during the etching process. Ink
flows from the reservoir to the pressure generating chamber
more Qmoothly, without any stay of ink bubbles.

After the wall 5h is formed, the etching process is
further continued. Then, the etching of the wall 5%
selectively progresses. The end of the wall 5f closer:to the
wall S5Sb grows, so that the wall 5g formed in the previous step
disappears. As a result, as shown in Figs. 19 and 20, six
walls 5a, S5g, 5f', S5f1‘, 5f2’, and 5b, which are arranged at

obtuse angles in plan and standing up at a right angle to the
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16 etching process. The indentation 50 is approximately 100 [err] m or

shorter long in one of the sides thereof. The depth of the indentation
50 is selected so as to have such a volune as to contain excessive
adhesi ve. An opening area of the indentation 50 is preferably

within a range between'0.001 mjerr] and4f 01 nmjerr]. Wien it is snaller
than 0.001 mm®2, thé indentation 50 can unsatisfactorily receive the
excessi ve adhesive. Wien it is larger than 0.01 mierr], an

unsati sf act orsnrfiitesi ofi ghea siid ivenursithgMeakeys tal t sebsadate| oaref fdmmed

vi.brator plate 10 to the nozzle plate 1. When an eutectic jointing

met hod, not wgiowpdadhbei vieozzles opedinghe2e i sInk nemobtlilyisifdgwshess the

i ndentations 50, as a matter of course.
vicinity of the nozzle opening 2, and ink bubbles never stay
there. .

As in the previous case, a path hole 92 fof an ink
supply path, which connects a path hole 90 for a pressure
generating chamber to a'path hole 91 for a reservoir, may be
formeﬁ such that walls 90c and 90d are formed which are
obliguely extended from the longitudinal walls Sda and 90b
defining the pressure generating chamber, and the path hole 92
is located substantiallf in_alignment with the center line of
the pressure generating chamber (Fig. 21). With this
structure, ink is supplied from the reservoir to the pressure
generating chamber by way of an outlet of the ink supply path,
which is defined by the walls 90c and 90d outwardly expanded
frdm the locations near to the center of the end of the chamber
toward the pressure generating chamber, and walls 90e and 90f
secondarily formed along the crystal axis during the etching
process. Ink flows from the reservoir to the pressure
generating chamber more smoothly, withdut any stay of ink
bubbles.
The above-mentioned spacer has such a strgﬁinshﬁbfg;‘r

the path holes 5 for the pressure generating chambers, the ink
supply paths = and the path holes 6 for the reservoirs are

formed in the thin silicon single-crystal substrate of

approximately 220 um thick. 'In this structure, the substrate



..
o

Fig. 8 illustrates a path hole form ng a pressure generating chanber 48
and a path hole formng an ink supply path, and angles of the walls of
these path holes. The path hole 5 form ng the pressure generating chamber
48 i ncludes seven walls 5a to 5g. The walls 5b, 5f, 5g, and 5a around the
nozzl e opening 2 are jointed at angles [%7r]3, [err]4, and [err]5. The
angles [err]3, [err]4, and [err]5 are obtuse angles of approximately
152[err], 100, and 110[err], respectively. The walls 5c, 5d, and 5e of the
path hole 5is geamentad atnibgatoohbengairhthel paththokes vEonsthe prdsdure

supply path, are arranged so as to gradually enlarge a junction area where

the ink suppgenerattingpechamberse prAssordingdiyer atheg uppeweside of the
. substrate is easily slid against the lower side thereof and
vice versa. With this structure, when the spacer is inserted
between the nozzle plate 1 and the vibrator plate 10, and those
members are bonded together, thoSe path holes 5 and 7 are
frequently deformed. 1In other words, the walls defining the
pressﬁre generating chambers are extended in a cantilever
fashion. When the spacef is bonded tb other relateé members,
the walls are easily bent. If the walls are bent, the path
holes 7 for the ink supply paths are deformed.

Fig. 22a is a plan view showing'the structure of a
spacer which withstands the deformation of the path holes for
the pressure generating chamber 48 and the path holes 7 for the

- ink supply paths. This.undeformable structure is.applied for
the above-mentioned spacer structure of the type in which seven
walls are formed around the nozzle opening 2. Fig. 22b is a
plan view showing relative positions of the pressure generating
chamber 48, the nozzle opening 2, and piezoelectric vibrating
~elements 30 of the spacer. Fig. 23 is an enlarged view
showing the configuration of a path hole forming the pressure
generating chamber and its related portions. As shown, a path
hole 5 forming a pressure generéting chamber 48, a path hole 6
forming a reservoir, and a path hole 7 forming an ink supply
path are formed in a 'silicon single-crystal substrate

vertically oriented in (110), the thickness of which is
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The wall 7a of the path hole 7 for the ink supply path Is formed so as to
be continuous to the wall 5a of the path hole 5 for the pressure
‘generating chanber. The wall 7b of the path hole 7 is spaced apart from
the wall 7b and arranged in parallel with the latter. The di stance
between themis selected to such an effent as to gain a flow path
resistance . suitable-for the ink supply path. The wall 7a of the path
hol e 7, which straightforwardly extends fromthe pressure generating
chanbers to slhiefiBkeatipfor pekhé, specemneeig@d, t @2theumal | Ba bafidge h85paish
hole 6 for the reservoir by way of an enlarged junction part’ defined by
the two wal | ebbhgaelly6forhed cymmsh thehpagd Bolen5t at ailpeatiom ckrger to
[err]1 is 30[err], and an angle [err]2 is - approxinmately 70[err].

To assenbl e, thehpathehodeapplied to the spacer . 4 thus structured, and

sandwi ched by the nozzle plate 1 and the wvibrator plate 10 after these dre
accurat el y posij ti oncBhe dprifige $ofREMEd,AGTPRS EE?eEBFp Relenz S laRshak s

's pressed " together, Adhesi v Bgh Usgd’ gl BROVLDG: LNSP LR ANNG1DG,
| which define the pressufe generating chamber. The cross
sectional structure of the bridge 95 is shown in Fig. 24. As
showﬂ, it is a triangle of which the bottom 95c lie; on the
side of the substrate to be in contact.with the nozéle plate.
A slanting surface 95a of the bridge 95 is slanted so as to
increase the cross section of the pressufe generating chamber
toward the nozzle opening 2, and at an angle 811 (about 35°) to
the surface of the nozzle plate.

Another slanting surface 95b is slanted toward the ink
supply path 7 at an angle 812 (approximately 35°) to the nozzle
plate.

The angle of the bridge 95 at its vertex is .an obtuse
angle, approximately 110°. Therefore, the bridge 95 causes no
vortéx of ink in the pressure generating chamber, and hence
does not impede the flow of.ink therein. The height h of the
bridge 95 is selected to be such a value as not to impede the
flow of ink and as to secure a satisfactory strength of the
bridge. The height of the bridge is preferably 25 % of the
thickness t of the spacer.

Figs. 25 and 26 are views showing etching patterns

suitable for forming the pressure generating chambers with the



I ndentati ons 50 | ocated around the path holes 5, 6 and 7 respectively for
the pressure generating chanbers, the ink supply paths, and the
r'eservoirs. As a result, such a disadvantageous situation that adhesive
flows into the pressure generating chanbers, the ink supply paths, and the
reservoirs, thereby changing-the vol une®%f them wll never occur. In the
resul tant structure produced after conpletion of the bonding process, each
nozzl e opening 2 of the nozzle plate 1 is |ocated near at the

end of a cenpesdhile of, t h@nPUtLHGIE PrdfeSLiNG Pattldth PIESEEEEning the
generating chanbér, and each island I of the Spacer 4 is extended over

the substant paklkymedsir6f I Een@iriclge biseiBr e68mea PRNETEéddgion hafEing the

When the piezoelectric vibrating elenent 30 is driven in this state, the

di spl acenment nozzle opening of the path hole 5) on-the etching pattern 80
defining the whole pressure generating chamber. 1In the portion
to serve as a slanting side thereof facing the vibrator plate
16, patterns 99 and 100, which are relatively narfow when
compared with the eﬁching protecting pattern 96, are formed in -
the locations near to the cehter line of the etching pattern
96. These narrow patterns 99 and 100 are not aligned with éach
other.

An etching protecting pattern 97a, shaped like_a blade,
is extended on one of the boundaries of the étching protecting
pattern 96 in parallel with the wall 5a of the path hole 5 for
the pressure generating chaﬁber. An etching protecting pattern
- 98a, shaped like a blade, is extended from the wall 5c¢ of the
path hole 5 toward the path hole 5. The wall 5c faces the wall
7a of the path hole 7 in line with the wall 5a of the path hole
5 for the pressure generating chamber (the wall 7a is one of
the walls defining the path hole 7 for the ink supply path).
A straight pattern, connected at the central part thereof to.
the patterns 99 and 100, is horizontally extended. The left
side of the straight pattern is designated by reference numeral
97b, while the right side thereof, by numeral 98b. These
narrow patterns 97b and 98b, which serve as etching protecting
patterns, are locatéh corresponding to the narrow etching

- protecting patterns 97a and 98a.
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‘ofsthe elenent is transferred to the whol e pressure generating chanber by

way of the island 11. Therefore, the displacenment of the piezoelectric
vibrating el enment 30 can be highly efficiently transfornmed into a
variation of the volunme of the pressure3§$nerating chanber . In

Figs. 9 (a) to (e) show a sequence of

eps for manufacturing the

spacer 4, whrein a sil-icon single-crystal substrate 60 of the

crystall ographic axis (110), 220 [err]mthick (enough to satisfy the

t hi ckness required fahet hessphesr ), siaglexamyiscali s spbeppaed. vektiiddlign
dioxide film®6l which is 1 [err]mthick, for exanple, is forned on the
surface of trisntedorimsi (l1@) cwishalthes gisthiaie poobgcting nphtoerirdat itdus

process.

The thickness of 1 [err]mis sufficient for the film®61

functi oni ng d&ormedprbs etiohed i by & nsnisataepict refpthing cmetyodi.qui The
(Fig. 9(a)). A hydr ogen quoridegfrotecting film62 is formed on

the obver seei§hingePregspssesi atong the

11tofrce nlanted atalan angle aife

60 with the silicon dioxide film®6l forned therqgn

b
approximately 35° to the obverse an ch reverse side of the
silicon single-crystal substrate, as described above (Fig.
27(a)). In a stage where the etching, which starts from the

obverse and the reverse side of the substrate, progresses into

the substrate, viz., the etching depth reaches about the half

of the thickness of the substrate (Fig. 27(b)), the edge 80b of

the etching pattern 80 grows in the direction substantially
vertical to the (110) face of the silicon single-crystal

substrate (Fig. 27(c)).

Thus, the etching vertically progresses up to the end

. 0of the etching protecting pattern 96 on the nozzle plate side.

In other words, the etching progresses so that the surface of
the substrate is left at the angle of about 35°, and progresses
till it intersects the étching patterns 99 and 100 on the
vibrator plate side (Figs. 27(d) and 28(a)). In Fig. 28, each

arrow indicates an inclination of the left surface.

| Specifically, the left surface is inclined in the direction

‘indicated by the arrow head.

For the regions covered with the etching protecting
patterns 97a, 98a, 97b, and 98b, the etching progresses in the

direction substantiaiiy vertical to the obverse and the reverse

- side of the silicon single-crystal substrate so as to shorten



a tithography nmethod. The protecting film62 forned on the substrate

includes wi ndows 63 and 64 corresponding to the. path

19 holes 5, 6, and 7, and if necessary, the indentations 50 (Fig. 9(b)).
In"this state, the structure is etched using a hydrogen fluoride Iiquid,
so that the portions of the silicon di oxid& film 61 corresponding to the
w ndows for-the path holes 5, 6, and 7, and the indentations 50 are etched
away (Fig. 9(c)). Patterns 6la and 61b of the silicon dioxide fornmed on

t he obversethed tdgianser sWishdaheiset IpatigEns at Sher etnigwhareadhés ertdet
in size fromeach other so that the pattern 6la on the obverse side covers
the pattern bobndaryhef ethesetshdag iprotectingspasdern 96. Then, the

etching progresses so that the surface slanted at the angle of
35° to the surface of the silicon single-crystal substrate i;
left, as in the previous case (Fig. 28(b)). The etching
reaches the narrow etching protecting patterns 99 and 100, and
further progresses. Then, the etéhing protecting pattern is
bifuréated into two patterns. With the bifurcat%on, the
etching advances toward the walls 5a and 5b, while tﬁe etching
advances in the same direction as that of the etching
protecting patterns %7a, 97b, 98a, and 98b (Fig. 2B(c)).

As recalled, the narrow etching protecting patterns 99
and 100, which form the ridge of the bridge triangular in cross
section, are not aligned with each other. Acéordingly, an edge
part where the (111) faces intersect is formed, thereby
preventing the formation of a vertical wall.

If the etching protecting patterns 99 .and 100 are
aligned with each other, a wall of which the crystal face of
(111) is vertical which resembles in shape the gtching
protecting patterns 99 and 100 is fdrmed. This wall segments
the pressure generating chamber into two sections. |

After the etching protecting patterns 99 and 100, which
are formed on the vibrator plate side, disappear,.the etching
is further continued. Then, a bridge 95 is formed in which the

 slanting surfaces 95a and 95b of the (111) faces, slanted at

about 35°, intersec¢t when viewed in cross section.



Fql lowi ng the step of forming the silicon dioxide patterns, the structure
Is etched in an aqueous solution of potassium hydroxi de of approxi mately
17 %in density, kept at a fixed tenperature, .for exanple, 80[err]C

Im the etching process, only the portions of the silicon dioxide film
corresponding to the windows 63 and 64 ad@ etched away at the rate of 2
[errfmMmn., with the-patterns 6la and 61b of the silicon dioxide filmas
protecting filnms. In this case, the etching progresses fromboth sides of
the substrate at anignghe etchingrsxaceds!iys FPiethdr tcoritinmuad f ade ofiddee

substrate, viz., inthe direction vertical to the crystall ographic axis
(111). of tte dpsidgbed sabmahed hto piiet ef bat 61a Howewelh, f thee@tehinge
. obverse the and reverse side of ‘the silicon single-crystal substrate 60
are forned protkss tise sgappednwben thecreginas paonsdn theh nozz leh @RS Df
conpl eting the etching process, a . .
and the ink supply path are shaped as intended. Accordingly,
the etching protecting patterns 96, 99, and 100 are determined
by the timing of the stop of the etching process.

In the above instance, the bridge 95 is formed across
the path hole 5 to be the pressure generating chamber 48. If
required, it may be formed across the path hole 7 to be the ink
supply path, as shown in Fig. '29. As shown, a bridge 102

"~ triangular in cross section is formed across the path hole 7.
A method similar to that used for forming the bridge 95 may be
used for forming the bridge 102.

Also in this instance of the embodiment,-the walls 7a

and 7b of the path hole 7 are supported by the bridge 102.

t 4

Because of th;s structure, the width size of the path hole 5
and the path hole 7 can be maintained throughocut the assembling
stage.

The spacer 4 made of the silicon single-crystal
substrate is very thin, approximately 220 um thick. Because of
this, the mechanical strength of the spacer, particularly a
specific region of the spacer, is weak. The spacer 4 contains
large spaces, such as pfessure generating chambers 48 and the
reservoirs. In this sense, the spacer 4 consists of a main
area 4a and a peripheral area 4b (Fig. 30). The main area 4a

includes a plural ‘number of the path holes 5 for the pressure



20 path hole 65 is fornmed which corresponds in size to the patterns 61b
_defining the larger window (Fig. 9(d)). Even if a slight msalignnment of
“the patterns on the obverse and the reverse side of the substrate is
caused, the etching size can be controlled through by adjusting the
positions of the patterns defining the:¥%rger w ndow si nce at |east the
edges of the patterns |ocated outside are the etching surfaces.

Let us consider a case where patterns 70 and 71 of the sane size are
formed on t henelreeing alhrithers eyt se Miealepetiphesubstamiz 42, iasladesn d n
Fig. 10. In this case, if these patterns are not aligned with each other,
wal |'s 72a apdufall anembéor refil thel ipathvi hiolelse 6oufmiar the ofeseérveirserirs
70a and 7la |ocated outside a'path hole 73 to be forned within the
patterns oppsesiciatiohomwisth obhe hpathy&edesarfd t hdnr @aglscofi tbese tlarge
substrate. The size of the path hole 73 forned by this etchinq1 process 1Is
di fferent fspacesat tbe majarhsnsfeceefohcth®\large space, or the upper or

the lower sides, which define the large space, are supported in
a cantilever fashion. Therefore, a boundary region between the
main area 4a and the peripheral area 4b is mechanically
fragile.

To cope with this, the present embodiment uses
reinforcing means for reinforcing this fragile region. The
reinforcing means is realized in the form of a partition wall
105 formed between the main area 4a and the peripheral area 4b
in the vicinity of the ink supply path 104, which receives ink

. from an external ink tank (Fig. 30(a). The partition wall 105
is slanted at an angle 6 (70.5°) with respect to fhe vertical
line in the drawing. The partition wall 105 may be formed in
a previous manner.

The partition wall 105 is bridged between the walls of
the path holes 6 or the ink supply path 104, while traversing
the ink supply path 104. It is obstructive in the flow of ink
from the ink tank to the reservoir. Therefore, after an old
ink cartridge is exchanged with a new one, the problem of a
defective ink discharge may arise highly possibly. However,‘
.this problem can be solved by properly selecting the width W of

the partition wall 105 as seen from a graph of Fig. 31-showing
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patterns 70 and 71. As a result, it is inpossible to control the size of
the path holes and the positions of the etching faces:. After the
path hole 65 is formed, the silicon dioxide filns 6la and 61b used as a
mask are renoved by using hydrogen fluorjide. Thereafter, the structure is
thermally oxidized to forma silicon dioX#de film66 of a thickness of 1
[err]mfor exanple, (this figure indicates a filmthickness satisfactory
for the protecting film over the entire exposed surface thereof. This.

silicon di oxiadeJurvenr@presdnteative afpdefective-disohysjersiccurrence nkate
(Fig. 9(e)). During the course of the anisotropic etching

process of wvs. theewddthcaf thegpertiyibal walllstrate vertically oriented
o As séen from Fig.. 31, the defective-dischargg
occurrence rate abruptly increases when the width W of the
‘partition wall 105 exceeds 80 um. For the spacer of 180 to 200
uﬁ, if the width W of the partition wall 105 is selected to be
approximately 20 um, a satisfactory mechanical strength of the
bound;ry region of the spacer can be secured and the defective-
discharge problem cah be solved. .

Accordingly, it is suggestible to select the width W of
the partition wall 105 to be within 20 to 80 um.

The reinforcing means may be modified as shown in Fig.
30(b). In the modification, another partition wall 105b
crosses the partition wall 105 (denoted as 105a 4in this
instance) at the central part of the ink supply pafh 104. This
modified reinforcing means prevents poor bonding that is
possibly caused by a bending of the vibrator piate 10 in a part
thereof near the ink supply path 104 when the nozzle plate 1,
the spacer 4, and the vibrator plate 10 are assembled and
bonded together, and aré fastened to the print head body 42.
Accordingly, no ink is leaked into the piezoelectric vibrating
members 32, and a normal operation of the piezoelectric
‘vibrating members 32 is ensured. The partition wall 165b
includes the surfaces in parallel with the walls 5a and Sb of
the path hole 5. The width W’ of the partition wall 105b is

selected to preferably be 20 to 80 um, as seen from Fig. 31.



(1i10) till an intended pattern is forned, the etching progresses at
an angl e of approximately 35/ err] to the face vertically oriented in

(110), viz., along the face vertically oriented in (111) as shown in
Fig. 11. In order to actively use this nature, as shown in Fig.
12(a), an approximately 1/2 region of the path hole 5 for the
pressure generating chanber where it faces the nozzle opening is
formed such that a boundary 80a of an etching pattern 80 defining the
wal | of the path hole is deviated toward the wall 5a thereof. A

bl ade- i ke pattern 81, extended to the path hole 5, is forned on the
wal | 7b of the path hole 7 for %ge I nk supply path. The wall 7b of
the path hole 7 is opposed to the walt™7a thereof, which is in l'ine
with the wall 5a of the path hole 5. Further, blade-Iike patterns 82
and 83 are formed on the inner sides of the path hole 6 for the
reservoi r The 3desgthell eff theeperpitionnwadkt b@sb where rid \ist konhecutetl s 7a
and 7b of the ink supply path 7, respectively. Duri ng

t he ani sotPofihe stidFaterprdades 1hdis irrekgrakly the thickness of the

spacer 4 or larger.

More than three partition walls may be formed in

consideration of the defective-discharge problem, and others.
Figs. 32a . ana 32b are plan views showing etching
patterns for manuféctﬁring the spacer 4 structured as mentioned
'above by etching ‘a silicon sinagle-crystal substrate of the
crystallogr&phic axis (110) by an. anisotropic etching method.
Fig. 32a shows an etching pattern on the side of the silicon
single-crystal subsfrate on which the bridge 95 is formed, and
I-'i_g.. 32b shows an etching pattern on the side thereof on whicl:x
a space is provided above the bridge 95 so as to secure the
free flow of ink in the pressure generating chamber 48. In

Figs. 32a and 32b,, the hatched areas indicate etching

protecting films.



&

out using the etching patterns thus forned, in the stage of form ng
the path hole 5, the etching progresses on the edge 80b of the
etching pattern 80 at a given angle to the wall 5b of t he path hole
betause the etching pattern 80 includes the edge
22 80b. The etching progresses to reach the region facing the nozzle
openi ng, so that the nozzle opening 2, and the walls 5a, 5b, 5f, and Sg
faci ng the nozzl e opening, which are arrayd® at obtuse angles, are forned.
At the junction part between the ink supply path and the pressure
generati ng chanber and anot her Junctlon part between the ink supply path
and the reservoir, the etching is stopped when these junction-parts are
expanded to such @n ®§ient323s refereveatnumdrdlsoh29aagndgle2op imddatnd
outlet of the ink supply path as a narrow path for ink flow
windows for defining etching areas to secure spaces for ‘the
pressure generating chambers 48 on one side of the silicon
single-crystal substrate. In Fig.32b , reference numerals 120c
and 120d also indicate windows for defining etching areas to
secure spaces for the pressure generating chambers 48 on the
other side of the silicon single-crystal substrate. A
protecting film 12la for protecting an area corresponding to
the bridge 95 against the etching is formed between the windows
120a and 120b. A small protecting film 121b for resisting the
etching to a certain degree is formed in the etching pattern on
the other side of the silicon single-crystal substrate.

Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-
crystal substrate (Fig. 32a). The narrow windows 122a and 122b
ranges between the windows 120a and 120b for forming the slits

114 each defined by the partition walls 111 and 112.



Wth this, a fluid resistance proper for the ink supply path is

secur ed.

In the stage of etching the path hole 7 for the ink supply path, the
"bl ade-li ke patterns 81, 82, and 83, the ends of which are extended from
the walls, are first etched (Fig. 12(b)). Accordingly, in the final
etching stage, viz., an etching stage where a through-hole is forned
through the etching fromboth sideszm?yintended patterns are forned,

e

walls 5d and 5e, slanted at the angle
7b, are formed in the region or the junction part of the path

err]l - 30[err] to the walls 5c and

hol e 7 where

it opens to the pr%ﬂoﬁﬁgei‘fjé‘tbﬂﬁ qhaBbefor EHét hfeh VRo16s 68 WE Bfe

slanted at the angle

70[err] to the walls 6a and 7a, are forned

in the junctésrvdits 0dré Neopmdd cleder 7tohehe iihkoRRIPPlLyO pdttnd €68 ¥RE! as
shown in Fig. 8. As a result, -the inlet and the outlet of the ink supply

path are expeewkisd rgéhéh‘&ii:ﬁfg chéhblershi s ThepanideibwepeXd 3w sand | nk3snasehl y

flows into the

connected to the windows 120b and 120d for forming the pressure
generating chambers ‘48 by narrow windows 124a and 124b,
respectively. These narrow windows 124a and 124b are for
etching the path holes 7 for the ink supply paths Etching
protect;hg patterns 125 are used for checking the progress of
an excéssive etching into relatively narrow spaces; which is |
caused by the edging effect in the anisotropic etching process.

Of those windows 120a to 120d for the pressure
generating'chambers, the windows 120a and 120b on one side of
the silicon single-crystal substrate (Fig. 32a:) are larger than
the windows 120c and 120d on the other side (Fig. 32b ) or vice
versa. The same thing is correspondingly appiied to the
windows 124a and 124b.

More specifically, the windows 120a, 120b,.and 124a on
one side of the substrate are about 5 um larger than those
corresponding windows 120c, 120d, and 124b on the other side
thereof so that the former windows can cover the latter ones
when those windows are erroneously positioned in the stage of
printing the etching patterns.

An anisotropic etching pfocess will be described.

A silicon single-crystal substrate 130 of the

crystallographic axigf(llo), 220 um thick (enough to satisfy

the thickness required for the spacer), for example, is



23. pressure generating chanber, fromthe reservoir, w thout generating
bubbl es of i nk. "Fig. 13 is an enlarged, plan view show ng etching
patterns of the reservoirs in the structure of the path holes 6 for the
reservoirs, in which ink is supplied fromone reservoir to two series of
the pressure generating chanbers. In this structure, the nozzles of the
series of the pressure generating chanbers are slightly dislocated from
one another. Therefore, blade-like pat3erns 82, 83, 82', and 83', which
are extended fromthe path holes 7 and 7' to serve as |nk supply paths to
the pressure generating chanbers, little |la gs. 1l4a and 14b

are di agr arBreRaR@ty afot FekiGrA t dipxife, aH%oPFod C“E‘t ik, 1O i s
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narrow crystal substrate 130 by thermal oxidation process. The 1 pm_.
thick of the f£ilm 131 is sufficient for the film 131
functioning as a protecting £film against an anisotropic etching
liquid (Fig. 33 (a)).

Photo-setting photosensitive layers are formed on the
s;l;con dioxide film 131 on the obverse and the reverse side of
the silicon slngle-crystal substrate 130. After the patterns
(Fig. .32a) are positioned on one side of the substrate and the
patterns (Fig. 32C ) are positioned on the other side thereof,
then the structure is exposed to light.  Thereafter, the
structure is immersed into photolithography 1liguid. The
exposed areas, i.e., the areas in which path holes are to.be
formed, on the substrate are dissolved to form the windows 133
and 134 since those areas are not hardened (Fig.33 (b)).

In this state, the structure is etched using hydrogen
fluoride liquid. The silicon dioxide films 131 within the
windows 133 and 134 are removed.

As described above, thé_silicon dioxide pattern 1l31la
formed on one side of the substrate covers the silicon dioxide
pattern 131b on the other side thereof (Fig. 33 (c)).

The structure is etched in an agueous solution of
potassium hydroxide of approximately 17 % in density, kepf aﬁ
a fixed temperature:‘ for exampie, goe°c. In the etching

process, only the portions of the silicon dioxide film



conti nuous pattern 85. A single blade-like pattern 86 is extended in the
axial direction of the path hole 7 to serve as the ink supply path.

In this pattern, the junction part of the ink supply path 7 and the path
hole 6 for the reservoir is blocked by the narrow continuous pattern

85. Therefore, an wunnecessary progression of the etching can be

st opped by only one blade- |I|ike pattern 86. In a case where ink
is supplied fromone reservoir to two39eries of the pressure generating

chanbers as in Fig. 13, the object can be achieved by form ng narrow
cont i nuous 24 patterns 85 and 85

near to theceggespbntiingptd tHwhindéwanti33 and 134 are etched away at the
rate of 2 um/min., with the patterns -13la and 131b of the
silicon dioxide film as protecting films. 1In this case, the
etching progresses from both sides of the substrate at an anglé
of approximately 35° to the surface of the substrate, viz., in
the direction vertical to the crystaliographic axis (111).

The patterns 13la and 131b formed on the obverse and
the réverse side of the silicon single-crystal subst;ate 130
are sized such that one pattern covers the other pa;éer, viz.,
the boundary of the etching protecting pattern defining a
position of the wall is positioned at a location outside the
boundary of the etching protecting pattern that is located
against the former etching protecting pattern in a mirror image
fashion. Accordingly, at the completion o©f the etching
process, the wall of a formed path hole 135 is defined by the
pattern 131b of which the boundary is positioned outside (Fig.
33:14)). |
For this reason, even if the alignment of the patterﬁs

on the obverse and the reverse side of the substrate is not
exact, the etching is carried out while being defined by the
larger window 134.
| When anisotropic e?;ching process is carried out using
a pattern with only one window 136 (Fig. 33 (e)), the etching
progresses along a specific crystal axis. As a result, the

etching progresses while being defined by the window 136,



7' -for the ink supply paths and form ng bl ade-li ke patterns 86 and 86
extending fromthe narrow continuous patterns in alignment with the path
holes 7 and 7', as shown in Fig. 15. Therefore, if these are displaced
fromthe nozzle positions of the nozzle series, the blade-like patterns 86
and 86' may be laid out in a plane w thout |apping them In the
above- nenti oned enbodi nent, the etchi &g process 1is stopped when the wall

5f comes in contact with the wall 5g. However, if the etching process is
further continued, two walls 5fl and 5f2 are additionally fornmed on t.he

wal | 5f, andehBgenyotd ffrm & towedviasy 1365 haAPez03daloNn ¢ciosd Geckion ofis @
result, an additional wall 5h is grown, which is slanted at an angle
[err]8 = 152fRer ¥rih@owhfomned siieleifi miheg sttmauuerss (Figygdde£lijng chanber
48, as shown in Fig. 17. An angle [err]7 is approximately 125[err]. An
angle [err]6 of the widn Sfitéwade Sthust farmedubiacanisotropicpatcehifgi s
approxi mately 35[err]. As the result_of the etching process, a’
total of sevprocess$|using the wWaadaroldf thatnds fearmgd AmEnly paesefwshes

are . - .
sides of the substrateée, particularly only the side thereof to

be fastened to the nozzle plate 1, each of the resultant slits
is shaped trapezoidal in cross section as shown in Fig.34a
As séen.from the figure, the opening area of the s}it that
faces thé vibrator plate 10 is small. Therefore‘, a large
‘contact area is secured between the spacer and the vibrator
plate 10 which receives force from the piezoelectric vibrating
members at the time of ink expelling. Further, mechanical
strength of the partition walls 111 and 112 is increased on the
side of the structure not having the bridges 95 and to be
fastened to the vibrator plate 10.
| In the above-mentioned embodiment, the slit is long
enough to éover the full height of the pressure generating
chamber. However, the length of the slit may be adjusted in
accordance with a compliance required for the pressure
generating chamber. _if the length of the pressure generating
chamber is so selected, the compliance optimal for the iﬁk
expelling can be obtained.
In the above~-mentioned embodiment, the slits 114 are
formed from only one side of the spacer or the substrate by
. etching process. If required, as shown in Figs. 35a and 356q

narrow windows 122a and 122b, and 122c and 122d for forming the



five walls
st andi ng up
‘Subst rate,
angle [err]
single-crys
i's

nozzl e open
in the enbo
openi ng 2,
hol e 90 for
reservoir,
obliquely e

5a, 5g, 5f, 5h, and 5b arranged at obtuse angles in plan and

at a right angle to the surface of the silicon single-cryst

and two walls 5f1 and 5f2 connecting to the wall 5f at the

6 as viewed in the cross sectional direction of the silicon

tal substrate. Wth this structure, .a nore snoothly flow of
25 secured in the vicinity of t

ing 2. Accordlngly, stay of 4bubbl es never happens.

di nent where the four malls are formed around the nozzle
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. silicon single-crystal substrate from both sides thereof using

the windows. In this case, the opening areas of the top and
the bottom end of each slit are egual to each other, as shown
in Fig. .34b,

When this slit forming method by processing the
subséra;e from both lsides thereof by anisotropic etching
process is applied for a case where the nozzle opénings are
arrayed at relatively large pitches, it is easy to obtain the
compliance as intended.

In the above-mentioned embodiment, the partition walls
horizontally defining the pressure generating chamber are
uniform in.thickness. However,'the narrow spaces 110 may be
constructed deviated to one pressure genefating chamber as
shown in Fig. 36. In this case, of the partition walls 111 and
112 horizontally defining the pressure generating.chamber; the
partition wall 111 takes the charge of the compliance.

In the.above-mentioned embodiments, the so-called face
ink jet printer head in which the nozzle plate, the spacer, and
the vibrator plate are stacked one on anothef, has been
discussed. 1t is evident that the present invention is applied
to the spacer of a called edge ink jet printer head in which
the nozzle plate, the spacer, and the vibrator plate are

stacked one on anothgr, and the nozzle openings are formed in

\



fromthe longitudinal walls 90a and 90b defining the pressure generating

chanber, and the path hole 92 is located substantially in a

lignment with

‘the center line of the pressure generating chanber (Fig. 18). Wth this

structure, ink is .supplied fromthe reservoir to the pressu
chanmber by way of an outlet of the ink supply path, which
the walls 90c and 90d outwardly expandediZ romthe | ocations

re generating
s defined by
near to the

center
and wal I s 90e and 90f secondarily fornmed along the crystal axis during
etching procere. émk flacass &6f omHhehepressurei rgémetdteingg eschambegene(whemg

of t-he end of the chanbér toward the pressure generating chanber

t he

chanber nore snoothly, w thout any stay of ink bubbles. After the
wal | 5h is fbongiitudimaklywiepestlocess is further continued. Then, the
etching of the wall 5f selectively progresses. The end of the wall 5f

closer to the wall B gepasersdadeat Ofhesd ‘F°fsgiﬂor%b°'?ntthﬁe ?ﬂ?ﬁﬁ‘b’{%
step dlsappears As a result, as shown in Fi 19 and Falls

S Penerat Ry Fnabesy the aFBAGRT sl the Teservoirs®ale

50,
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by the path holes has been described. Another type of the
spé;er will be described.

Fig. 37 is an enlarged, perspective view showing a key
porti.tan"of an ink jet printer head according to a third
embodiment of the present invention. 1In Fig.37 ; a nozzle
plate with nozzle openings 204, a spacer 200, and a vibrator
plate 211 are stacked to form ink flow paths. The spacer 200
is made of a silicon skngle-crystal having the érystal face
vertically oriented in (110). Spaces
which substantially determine the volumes of the ink flow paths
of pressure generating chambers 201, ink supply paths 202, and
reservoir 203, are formed by called anisotrdpic etching process
using an etching liquid in which an etching rate depends on the
crystal orientation. The surface of each ink path is tempered
by a protecting film (not shown) in wﬁich impurity atoms are
added to silicon by thermally diffusing oxygen atoms, thereby

improving the resistance properties of the ink path against ink

5a,

and the affinity thereof with ink. The protecting film is not

essential to the present invention. When ink used is properly

selected or adjusted, there is no need of using the protecting

-

film.



oht use angles in plan and standing up at a right angle to the
26 surface of the silicon single-crystal substrate, are forned around

‘t'he nozzl e opening 2. Ink smoothly flows in the vicinity of the nozzle
opening 2, and ink bubbl es never stay there. As in the previous
case, a path hole 92 for an ink supply path, which connects a path hole 90
for a pressure generating chanber tgya path hole 91 for a reservoir, may
be formed such that. walls 90c and 90d are forned which are obliquely
extended fromthe |ongitudinal walls 90a and 90b defining the pressure
generating chanmber rhandnkheupply patk, 902 is tptangdlapbgsnapedl Lykenv)
alignment with the center line of the pressure generating chanber
(Fig. 21).in cxWssh seidtiion, and its volume is smaller than that of the
. pressure generating chamber 201 contoured rectangularly. Flow
resistance of the ink supply path 202 is larger than that of
the pressure generating chamber 201, thereby improving the
efficiency of forcibly discharging ink droplets. At the time
of ink expelling, the quantity of ink flowing into the nozzle
210 is iﬁcreased, while at the same time the quantity of ink
flowing into the reservoir 203 from the ink supply path 202 is
decreased. The space to be the pressure generating
chamber 201, contoured parallelogram, is enclosed by the (111)
faces parallel to the crystal axes <211>. The space to be
the ink supply path 202 is defined by the (111) faces slanted
parallel to the <110> axis. The space for the ink supply
path 202 is located at the acutely angled corner of the
parallelogram of the pressure generating chamber 201, in oxder
to secure a smooth flow of ink and a smooth discharge of ink
bubbles.
A method of manufacturing'the ink jet printer head thus

now
structured will,ébe described.

Figs. 38 (a) to 38 (d) show a set of diagrams showing a
sequence of steps for manufacturing the ink jet printer head
according to the present invéntion.

A silicon single-crystal substrate 200 in which the
crystal face of the surface of the substrate is vertically

oriented in (110), is heated at 900 to 1100 °C , and placed in



structure, ink is supplied fromthe reservoir to the pressure generating
chanber by way of an outlet of the ink supply path, which is defined by
*‘the walls 90c and 90d outwardly expanded fromthe |ocations near to the
center of the end of the chanber toward the pressure generating chanber,
and wal s 90e and 90f secondarily fornmed along-the crystal axis during the
etching process. Ink flows from the reservoir to the pressure '
generati ng chamber nore snoothly, w thout any stay of ink bubbles.
The above-nentioned spacer has such a Sstructure that the path holes 5 for
t he pressure generating chanbers the path holes 7 for the ink supply paths

o o PR el Sl Sy BBy AT, i BB i o

Str“Ct“re’JQﬁéé%éxﬂéﬁ@E% thereby diffusing oxygen atoms in tﬁg'surface
region of tﬂe substrate. In this embodiment, through the
thermal oxidizing process, a film 230 made of silicon oxide,
1.7 um thick, was férmed. The silicon dioxide film 230 is
uéed as a mask in the step of anisotropic etching process to be _
given later. Any of other methods than the thermal oxide
_procégs: such as CVD (chemical vapor deposition) method, an ion
implantation method and anode oxide method, may b; uséd for
forming the f£ilm 230. The silicon substrate £film may be
replaced by a silicon nitride film, a called p-type silicon
film added with boron or gallium atoms, or a called n-type
silicon film added with arsenic or antimony atoms.

The thickness of the silicon single-crystal substrate
is preferably 0.1 to 0.5 mm, more preferably 0.15 to 0.3 mm.
In the present embodiment, the silicon single-crystal substrate

a thidkness o& .
200 0£,0.18 mm was used.

Resin resist is applied to the silicon single-crystal
substrate, thereby forming a pattern thereon. The silicon
oxide film 230 is selectively etched away using acid etching
liguid, such as an aqueous solution of fluorine oxide.

After the résin resist is removed, a mask pattern.of
the silicon oxide film 230 that is patterned in the previous
process step appears on the substrate as shown in Fig.38 .(a).

A window 231 is a location for the pressure generating chamber



s, segnented at | ocations near the path holes for the pressure generating
chanbers. Accordingly, the upper side of the substrate is easily slid
*agai nst the | ower side thereof and vice versa. Wth this structure, when
the spacer is inserted between the nozzle plate 1 and the vibrator plate
10, and those nenbers are bonded together, those path holes 5 and 7 are
frequently defornmed. In other words,,.the walls defining the pressure
generating chanbers are extended in a cantilever fashion. Wen the spacer
i's bonded to other related nenbers, the walls are easily bent. [If the

Fro. 22a 1 08 piAMRElY AR IR, A HESATTR (s e Sndf Rl T Bt 206t ands
and the pakrvpbide ST 8 LB, o, BB BRI e T Ut ur e
Soven” valls are ol Soind THa Resa s as 3 e 3, el ¥
anisotropic etching process, nsing an etching liquid in which
the etching rate varies depending on the crystal face
ofientation, such as an aqueoné solution of sodium;hydroxidé or
an agqueous solution of potassium hydroxide. The anisotropic
etchihg p;ocess ends in a state shown in Fig. 38 (¢) through a
state shown in Fig. 38 (b). Specifically, the illl) face
vertical to the (110) face of the surface of the silicon
single-crystal substrate 200 and the (111) face slanted to the

same appear in the window 231 after it undergoes the

anisotropic etching process. A slanted (111) face appears also

in the window. The anisotropic etching process is further
continued. Then, the slanted (111) face disappears and a
vertical (111) face appears. Through the above process

steps, spaces 20la each of which substantially determines the
volume of a pressure generating chamber 101, spaces 202a each
of which substantially determines the volume of the ink supply
path 202, and a space 203a which substantially determines the
volume of the reservoir 203 are fofmed while being partitioned
by vertical (111) faces 234.

In the present embodiment, for the anisotropic_etching,
the silicon single-crystal substrate 200 was immersed for about

90 minutes in an agueous solution containing sodium hydroxide



pl.an view showing rel ative positions of the pressure generating chanber
48, the nozzl-e opening 2, and piezoelectric vibrating elenents 30 of the

*Spacer.

Fig. 23 is an enlarged view showi ng the configuration of a

path hole formng the pressure generating chanber and its rel ated
portions. As shown, a path hole 5 form ng a pressure generating chanber
48, a path hole 6 fornming a reservoir,%and a path hole 7 forning an ink
supply path are forned in a silicon single-crystal substrate vertically

oriented in

(110), the thickness of which is

28 suf fi ci efit 20owgthesgphept, ateB(. °C.. 22Chpexrejsml tahthistdpe tre vas as
obliquely formed across the path hole 5 at a |ocation closer to the path

hole 7.

shown Tim Digdd8 ©%) fornmed across the path hole is slanted at

A partition wall 234a, depending upon the vertical
(111) faces, for partitioning the spaces 20la td be the
pressure generating chambers 201 and the spaces 202a to be the
ink supply paths, and a partiﬁion wall 234b for partitioning
the spaces 202a to be the ink supply paths and the space 203a
to be.tﬁe reservoir are removed by an isotropic etching liquid,

such as an agueous solution of fluorine oxide. The silicon

oxide film 230 is also removed in the etching process using the

isotropic etching liquid. The etching rate in this etching
process is substantially equal to that ih the etching process
for the silicon single-crystal substrate 200. Accordingly, the
thickness of the partition walls 234 is set at 1.7 um, equal to
that of the silicon 6xide film 230. Impact by ultrasonic
vibrations, in place of the isotropic etching liquid, may be
used for removing the partition walls 234.

Then, a protecting film (not shown) is formed for
obtaining a desired resist’anée properties of the ink path
against ink and a desired affinity thereof with ink. The type
of the protecting film to be formed and the means for forming
the protecting f£ilm are the same as those in the step for
forming the mask pattern 230. It is suggestible to form a
silicon oxide film by the thermal oxide process.

With provisi'oh of the partition walls 234 (234a and

234b) for partitioning the spaces 20la and 202a, there is



angles [err]9 = 126[err] and [err]10 = 55[err] to the walls of the path
hole 5, which define the pressure generating chanber. The cross
*Sectional structure of the bridge 95 is shown in Fig. 24. As shown, it is
a*triangle of which the bottom95c lies on the side of the substrate to be
in contact with the nozzle plate. A slanting surface 95a of the bridge 95
Is slanted so as to increase the crosy section of the pressure generating
chanber toward the nozzle opening 2, and at an angle [err]11 (about

35[err]) to the surface of the nozzle plate. Anot her sl anting
surface 95b dxinfirtieRld ahOdREEs e igtichingPat Yt patdtutelly afgded! €olmér Joi2
(approximately 35[err]) to the nozzle plate. The angl e of the

bridge 95 atthd spamd XM ddradi thaituSRecondgird.l yaRivcwtisTdine | thel ldh i sbwreqfiey e,

the bridge 95 causes no vortex of ink in the pressure generating chamnber,

and hence cdshimg propgeds.t hasfd avesoflt nithehepeces ZAdahandgh202a ofart lbe
bridge 95 is selected to be such a value as not to inpede the flow of 1nk
and as to sédapedsasadesizedery strength of the

It is noted that the ink supply paths 202 and the
pressure generating chambers 201 are integrated into a single
part (silicon single-crystal substrate 200). With this
struc£u£é, the precise shaping as one of the adv;ptageoqs
features of silicon is well used to provide uniform discharging
charactéristics of the ink paths and less variation of the
product characteristics of lotsf Only the (1l11) faces where
the etching rate ;s low when compared with other crystal faces
are left. Accordingly, a tolerable range within which the
etching conditions may be varied in the anisotropic etching
process is broad; Extremely stable 'products can be
manufactured.

Fig. 39 is a perspective view showing a key portion of
an ink jet printer head according to yet another embodiment of
the present invention. In this embodiment, each pressure
generating chamber 20i'is provided with a plural number (two in
this embodiment) of ink supply paths 202. Spaces 202a to be

- the ink supply paths 202 are respectively located the acutely
and obtusely angled corners of the paréllelogram of the space
20la to be the pressure generating chamber 201. With this, a
smooth flow of ink a;d a smooth discharge of ink bubbles are

ensured.



bridge. The height of the bridge is preferably 25 %of the thickness t of
_the spacer. Figs. 25 and 26 are views show ng etching patterns
"suitable for formng the pressure generating chanbers with the
29 bri dges 95. An etching protecting pattern 96 defining the botton1
95c of the bridge 95 is forned in a location (facing the nozzl e opening
of the path hole 5) on the etching pattern 80 defining the whole pressure.
generating chanber. In the portion t48 serve as a slanting side thereof
facing the vibrator plate 10, patterns 99 and 100, which are relatively

O e o " (ROE SO EOP A Py, pBEe L

These narrovypaffier §ise OFr ANE A b U rMdPNEs &M EBr€REP embodiment of
the present invention. Spaces 204a which substantially
‘determine the volumes of the nozzle openings are also formed
like the spaces 202a of the ink supply paths 202. Tﬁe nozzle
openings 204 are located on a peripheral edge of the silicon
s;ngle-crystal substrate 200. The ink jet printer head of ghis
embodiment is af:;lled edge ink jet printer head. Since a
plural number of the nozzle openings 204 are arra}ed on one
side face of the silicon single-crystal substrate 200, the
peripheral edge 200a is finished to be flat by cutting means,
such as a rotary grinder.

As described above, the plural number of the ink supply
paths 202 can stably be mandfactured so as to have a desired
flow resistance. Those ink supply paths, together with the
pressure generating chambers 201, can bé formed in.the silicon

. single-crystal substrate 200. Each ink supply path 202 is
supported at both ends by the ink supply paths 202 on both
sides thereof, and similarly each pressure generating chamber
201 is supported at both ends by the pressure generating
chambers 201 on both sides. Therefore, easy handling of the
silicon single-crystal substrate 200 after the ink supply paths
202 and the pressure generating chambers 201 are formed thereiﬁ

is realized although the silicon of the silicon single-crystal

substrate 200 is fragile.



»

ot lrer . An etching protecting pattern 97a, shaped

extended on one of the boundaries of the etching prot ecti ndmmﬁuml“ﬂ "rm
parallel with the wall 5a of the path hole 5 for the pressuecgenerati *
chanber. An etching protecting pattern ,98a, shaped like a blade, is
extended fromthe wall 5c of the path hole 5 toward the path hole 5. The
wall 5c faces the wall 7a of the path hole 7 in line mmnhuihe Mﬁhhc5a1¢£
t he path(hghﬁ s:— for the pressure generating chanber (the”ﬁal&.iapy§ one pf
the walls ining the path hole 7 for the ink supply path) traight
pattern, §QnRRC t r a ? L0 the patterns 99 and 100,
IS hor|zoﬁtaﬁ?yaggtgﬁge§§lﬁ$a% ﬁE?H Ebm EggggQ%he straight pattern is

desi gnated by reference nuneral 97b, mhlle the right side thereof, by
numeral 98b. a nb¥AR PRAEEW (HAlt2L0F Wikrandof8he \WperLrsgy ve24s 261t0f‘ahl ng
prot ecting g?% erns, are [ ocat ed corresponding to the narrom1etgh|ng '
protecting p fns 97a and 98a.

a spacer (4,“200)-including'pressure generating chambers
(48, 201), ink supply 'paths (104, 202), and reservoirs

a covdr member; and

pressure generating means (30) fér generatiné pressure in
the pressure generating chambers (48, 201),

wherein the .spacer (4, 200) includes a2 main area (42)
‘containing the path holes (5, 7) for forming the pressure
generating chambers (48, 201) and the ink supply paths
(104, 202) and a peripheral area (4b) containing the path
holes (6§) for the reservoirs (203), and a partition wall
(105) is formed traversing the ink supply path (104) for
receiving ink.

2.. The ink jet printer head according to claim 1, wherein the
thickness of the partition wall (105) is within the range
from 20 pm to 80 um.

3. The ink jet printer head according to any of the claims 1
to 2, wherein the partition wall (105) is oblique to an
array (3) of the nozzle openings (2, 210a, 204).

.« The ink jet printer head according to any of the claims 1.
to 3,. wherein the partition wall (105a) includes another
partition wall (105b) crossing the partititon wall (105a)
at the central part of the ink supply path (104).

This Sheet Has Been Reﬂlac
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30 The silicon single-crystal substrate vertl
.in (110) wth the etching protecting patterns thus formecﬂ mlllm%“ﬁ g 3“'
ani sotropic etching nethod. - The etching progresses alon

sl'anted at an angle of approximately 35[err] to the obverse-and the
reverse side of the silicon single-cr$8tal substrate, as described above
(Fig. 27(a)). In a stage where the etching, which starts fromthe obverse
and the reverse side of the substrate, progresses into the substrate,

viz., the etching depth-reaches about the half of the thickness of the
substrate (Fig. 27(b)), the edge 80b of the etching pattern 80 grows in
the direction substantially vertical to the (110) face of the silicon
single-crystal substrate (Fig. 27(c)). Thus, the etching
vertically progresses up to the end o .

§ . The ink jet printer head accord:l.ng to claiml " to4 ,
wherein the pressure generating chambers (48, 201) each
have walls of at least two (1l11) faces vertical to the
surface of the silicon single-crystal substrate (200), and
the ink supply paths (202) each have walls of at least two
(111) faces slanted to the surface of the silicon single

crystal substrate (200).



¥

of-the etching protecting pattern 96 on the nozzle plate side. |In other
words, the etching progresses so that the surface of the»substra%ew+smLeit
at the angle of about 35, and progresses till it |nters%bt§ (he'eﬁehﬁmgvi
patterns 99 and 100 on the vibrator plate side (Figs. zzgd) anfLE®0a) ) . in
Fig. 28, each arrow indicates an inclidhtion of the |left surface. -
Specifically, the left surface is inclined in the direction indicated by
the arrow headNK JET PRINGF HEARD A0 dnMEIHHAD &F MANURACTURING 3B St i ng
patterns 97a, 98a, 97b, and 98b, the etching progresses in the direction
substantial 1y vertical to the obverse and the reverse side of the silicon

single-crystal substrate so as to shor A®#§TRACT
31 the regiongn Mk hjébepeintbkehBad LR 1IdEY W £P8688S YR including
pressure generating chambers (48) continuous to nozzle-

.openings (2), ink supply'paths and reservoirs, a cover

- member for covering the pressure generating chamber (48)

- in a sealing fashion, and pressure generating means (30)
for generating pressure in the pressure generating
chambers (48, 201) in accordance with print data. 1In
pfocessing a silicon single-crystal substrate vertically
oriented in (110) by anisotropic etching process, one of
the walls of a path hole for forming a pressure
generating chamber (48) is aligned with one of the widlls
of a path hole for forming the ink supply path. Walls .
defining the path hole for forming a pressure generating
chamber (48), which are located in the vicinity of a
nozzle opening (2), are connected to each other at an
obtuse angle. As a result, the ink supply path serving as
a narrow path for ink flow and the pressure generating
chamber (48) are formed as smooth flow paths. The walls
in an area in the vicinity of the nozzle opening (2)
where ink tends to stay are substantially equally
distanced from the nozzle opening (2). A smooth flow of
ink is ensured.

FIGURE 8
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"boundary of the etching protecting pattern 96. Then, the etching
progresses so that the surface slanted at the angle of 35[err] to the
..surface of the silicon single-crystal substrate is left, as in the

previous case (Fig. 28(b)). The etching reaches-the narrow etching
protecting patterns 99 and 100, and further progresses. Then, the etching
protecting pattern is bifurcated into Two patterns. Wth the

bi furcation, the etching advances toward the walls 5a and 5b, while the
etching advances in the sane direction as that of the etching protecting
patterns 97a, 97b, 98a, and 98b (Fi g. F?@). 7 As recal l ed, the
narrow etching protecting patterns 99 .100f# which formthe ridge of the
bridge triangular in cross section, are not aligned with each ot her.
Accordingly, an edge part where the (11 aces intersect is forned,
thereby preventing the formation of F | O 1. - 1If the
etching protecting patterns 99 and £ i e46h ot her, a wal
of which the crystal face of (1118 fesenbl es in shape

t he etching

(s




ptotecting patterns 99 and 100 is forned. This wall segpents the pressure
_generating chanber into two sections. After the etching protecting
“patterns 99 and 100, which are forned on the vibrator plate side,
di'sappear, 'the etching is further continued.. Then, a bridge 95 is forned
in which the slanting surfaces 95a and .95b of the (111) faces, slanted at

about 35[err], intersect when viewed in“ross section. _
32 If the etching process is further continued, the ridge of the
bridge is etched to be flat. However, the etching process is stopped

when the regions around the nozzle =Ng nd the ink supply path are
shaped as intended. Accordingly, qﬁ@ﬁ@ichi g protecting patterns 96, 99,
and 100 are determined. by'the timng of the stop of the etching process.

-5 5
l

17

5555
A

6
A ; o
Il

— O
L .

_—

6
Vg
7 B 7 ' 7
=\ = |/ ' .
—NEEL
A
8'773104877 8

FIG. 3

| 30

1

12




I.n the above instance, the bridge 95 is formed across the path hole 5 to
be the pressure generating chanber 48. If required, it may be forned
*-across the path hole 7 to be the ink supply path, as shown in Fig. 29. As
shown, a bridge 102 triangular in cross section is formed across the path
hole 7. A nethod simlar to.that used for formng the bridge 95 may be
used for formng the bridge 102. 3-Also in this instance of the
enbodi ment, .the walls 7a and 7b of the path hole 7 are supported by the
bri dge 102. Because of this structure, the width size of the path hole 5
and the path hole 7 can be maintg th uggout t he assenbling stage.
The spacer 4 nmade of the siliconfsfiMgke-ctystal substrate is very thin,
approxi mately 220 [err]mthick. Because of this, thd0mechanical strength
of the spacer, particularly a specific regi onggf the\§pacer, I s weak. The
spacer 4 contains |arge spaces, such as _pressure gepngati ng chanbers 48
and the reservoirs. -In this sense, the pacer jﬁ a main
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ar€a 4a and a peripheral area 4b (Fig. 30). The nain area 4a includes a
pl-ural nunber of the path holes 5 for the- pressure )

33 . generating chanbers 48. The peripheral area 4b includes a plural
nunber of the path holes 6 for the reservoirs in association wth the path
holes ‘5. In each of these large spaces,; the major surfaces of the |arge
space, or the upper or the |ower sides, Which define the | arge space, are
supported in a cantilever fashion. Therefore, a boundary regi on between
the nmain area 4a and the peripheral area 4b is nmechanically fragile.

To cope wth this, the present di t wuses reinforcing nmeans
for reinforcing this fragile region. £ inforcing neans is realized
in the formof a partition wall ~
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105 forned between the main area 4a and the peripheral area 4b in the
vicinity of the ink supply path 104, which receives ink froman external
‘i'nk tank (Fig. 30(a). The partition wall 105 is slanted at an angle [err]
(70.5[err]) with respect to the vertical Iine in the drawi ng. The -
partition wall 105 may be formed in a pgevious manner. The
partition wall 105 is bridged between the walls of the path holes 6 or the
i nk supply path 104, while traversing the ink supply path 104. It is
obstructive in the flowof ink fromthe ink tank to the reservoir.
Therefore, after an old ink cartridge is exchanged with a new one, the
problem of a defective ink discharge may arise highly possibly. However,
this problem can be solved by properly selecting the width Wof the
partition wall 105 as seen from a griﬂE;Of Fig. 31 show ng
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" a curve representative of defective-discharge occurrence rate vs. the

Wi dth of the partition wall. As seen fromFig. 31, the

: »def ecti ve-di scharge occurrence rate abruptly increases when the w dth W of
“the partition wall 105 exceeds 80 [err]m For the spacer of 180 to 200
[err]m if the wwdth Wof the partition wall 105 is selected to be
approximately 20 [err]m a satisfactory nechanical strength of the
boundary region of the spacer can be secured and the defective- discharge
probl em can be sol ved. Accordingly, it is suggestible to sel ect
the wwdth Wof the partition wall 105 to be within 20 to 80 [err]m

The reinforcing nmeans nmay be nodified a$ shown in Fig. 30(b). In the
nodi fication, another partition wall 105b crosses the partition wall 105
(denoted as 105a in this instance) at the central part of the ink supply
path 104. This nodified reinforcing nmeans prevents poor bonding that is
possi bly caused by a bending of the vibrator plate 10 in a part

FIG. 8
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t hereof near the ink supply path 104 when the hozzle plate 1, the spacer
4, and the vibrator plate 10 are assenbl ed and bonded together, and are
fastened to the print head body 42. Accordingly, no ink is |eaked into the
pi ezoel ectric vibrating menbers 32, and a nornal operation of "the

pi ezoel ectric vibrating nenbers 32 is en§ured. The partition wall 105b
I ncl udes the surfaces in parallel with the walls 5a and 5b of the path
hole 5. The width W of the partition wall 105b is selected to preferably
be 20 to 80 [err]m as seen fromFig. 31. :

35 The length L1 of the partition wall 105b where it is connected
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" to the vibrator pl ate 10 is preferably the thickness of the spacer 4 or
| ar ger. More than three partition walls may be forned in

: - consideration of the defective-discharge problem and others.

Figs. 32a and 32b are plan views show ng-etching patterns for

manuf acturing the spacer 4 structured as nentioned above by etching a
silicon single-crystal substrate of the crystal l ographic axis (110) by an
ani sotropi ¢ etching met hod. Fig. 38a shows an etching pattern on the side
of the silicon singl e-crystal substrate on which the bridge 95 is forned,
and Fig. 32b shows -an etching pat on si de thereof on which a
space is provi ded above the bri dgeﬁ@g aj@g secure the free flow of
ink in the pressure generating chanmber 48. |In Figs. 32a and 32b, the

hat ched areas indicate etchlng70pwotecthﬂ? %25”503
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36 . In Fig. 32a, reference nunerals 120a and 120b i ndicate
~windows for defining etching areas to secure spaces for the pressure
“generating chanbers 48 on one side of the silicon single-crystal
substrate. In Fig.32b , reference nunerals 120c and 120d al so indicate
wi ndows for defining etching areas to segure spaces for the pressure
generating chanbers 48 on the other side of the silicon

single-crystal substrate. A protecting film1l2la for protecting an area
corresponding to the bridge 95 against t chj is formed between the
w ndows 120a and 120b. A snall protecti | m t)é}ﬂ resisting the

etching to a certain degree is formed in the etc |ng7pattern on _the qther
'side of the silicon singl e-cr)&ial subStrate. 5 G Na¥r ow wi Bdows6122a
and 122b are forned in the etching pattern on tlhe npzzl ef opening side

the silicon single- crysyal 3 al £ 6 Q10| e g 2 7AW
and 1220 i = 7.o4 6 =i
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" ranges between the wi ndows 120a and 120b for forming the slits 114 each
defined by the partition walls 111 and 112. .
« 87 W ndows 123a and 123b for the path holes 6 of the reservoirs
are formed closer to the ink supply paths to the pressure generating
chanbers. The wi ndows 123a and 123b are cddnected to the w ndows 120b and
120d for formng the pressure generating chanbers 48 by narrow w ndows
124a and 124b, respectively. These narrow wi ndows 124a.and 124b are for
etching the path holes 7 for the ink sup H]@t h714 gchi ng protecting
patterns 125 are used for checking the prio excessive etching
into relatively narrow spaces, which |s5 caused gy t he edg7ng efégct |g t he
ani sotropi c etching process. J }
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~

O.those windows 120a to 120d for the pressure generating chanbers, the
W ndows 120a-and 120b on one side of -the silicon single-crystal substrate
(Fig. 32a) are larger than the windows 120c and 120d on the other side
(Fig. 32b ) or vice versa. The sane thing is correspondingly applied to
the w ndows 124a and 124b. - More specifically, the w ndows 120a,
120b, and 124a on one side of the substilate are about 5 [err]mlarger than
t hose correspondi ng wi ndows 120c, 120d, and 124b on the other side

t hereof so that the former wi ndows can cover the latter ones when those
w ndows are erroneously positioned in the stage of printing the etching
patterns. An ani sotropic etching process wll be descri bed.

A silicon single-crystal substrate 130 of the crystallographic axis
(110), 220 [err]mthick (enough to satisfy the thickness required for the
spacer), for exanple, is

FIG. 16




38 prepared. A silicon dioxide film2131 of 1 [err]mthick, for

‘exanple, is fornmed. on the entire surface of the silicon single- crystal
"Substrate 130 by thermal oxidation process. The 1 [err]m thick of the film
131 is sufficient for the film 131 functioning as a protecting film

agai nst an anisotropic etching liquidygFig. 33(a))..

Phot o-setting photosensitive |ayers are forned on the silicon dioxide film
131 on the obverse and the reverse side of the silicon single-crystal
substrate 130. After the patterns (Fig. 32a) are positioned on one side of
the substrate an pafterns (Fig. 32c ) are positioned on the other
side thereof, then't ructure is exposed’go l'ight. Thereafter, the

structure is inmerse hot ol tegr ap | i quid. The exposed
h (eS= :
S~ ©
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. 39

formed, on the substrate are dissolved to formthe w ndows 133 and 134
since those areas are not hardened (Fig.33 (b)). In this state,
*the structure is etched using hydrogen fluoride |iquid. The silicon
di oxide films 131 within the w ndows 133 and 134 are renoved. As
descri bed above, the silicon dioxide pggtern 131a forned on one side of
the substrate covers the silicon dioxidé pattern 131b on the other side
thereof (Fig. 33 (c)). The structure is etched in an aqueous
solution of potassi um hydroxi de of approximately 17 %in density, kept at
a fixed tenperature, exanpl e 80[err]C. In the etching process,
only the portions of the sit
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corresponding to the windows |33 and 134 are etched away at the rate of 2
[errfmMmn., with the patterns 131la and 131b of the silicon dioxide film
‘as protecting filns. In this case, the et ching progresses from both sides
of the substrate at an angle of approximately 35[err] to the surface of
the substrate, viz., in the direction vertical to the crystall ographic
axis (111). The patterns 131la and 131b forned on the obverse and
the reverse side of the silicon singll crystal substrate 130 are sized
such that one pattern covers the other patter, viz., the boundary of the
etching protecting pattern defining a position of the wall is positioned
at a location outside the boundary of the etching protecting pattern that
is located against the forner etching protecting pattern in a mrror inmge

fashi on. Accordingly, at the conpletion of the etching process, the
wal |l of a forned path hole 135 is defined by the pattern 131b of which the
boundary is positioned outside (Fig.. 33(d)). For this reason,”

even if the alignment of the patterns
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on the obverse and the reverse side of the substrate is not exact, the
etching is carried out while being defined by the |arger w ndow 134.

When ani sotropic etching process is carried out using a pattern with only
one wi ndow 136 (Fig. 33 (e)), the etching progresses along a specific
crystal axis. As a result, the etching progresses while being defined by

t he w ndow 136, 40 thereby to forma
concavity 138 trapezoidal in cross section on the w ndow formed side of
the structure (Fig.33 (f)). VWhen slits are thus formed by

ani sotropi c etching process using thel%i ndow 136 that is formed on only
one of the sides of the substrate, particularly only the side thereof to
be fastened to the nozzle plate 1, each of the resultant slits

FIG. 20
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i s shaped trapezoidal in cross section as shown in Fig.34a As seen from
the figure, the opening area of the slit that faces the vibrator plate 10

‘is small. Therefore, a large contact area is secured between the spacer
and the vibrator plate 10 which receives force fromthe piezoelectric
vibrating nenbers at the tine of ink expelling. Furt her, nechani cal

strength of the partition walls 111 and®112 i s increased on the side of
the structure not having the bridges 95 and to be fastened to the vibrator
pl ate 10. In the above-nenti oned enbodi nent, the slit is |long
enough to cover the full height of the pressure generating chanber.
However, the length of the slit may be adjusted in accordance with a
conpliance required for the pressure generating chanber. If the |ength of
the pressure generating chanber is so selected, the conpliance optiml for
the ink expelling can be obtained. In the above-nentioned :
enbodi nent, the slits 114 are fornmed fromonly one side of the spacer or

t he substrate by
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etching process. |If required, as shown in Figs. 35a and 35b, narrow
w ndows 122a and 122b, and 122c and 122d for form ng the
41 slits are formed on the patterns on both sides of the silicon
si'ngl e-crystal substrate. The slits are forned by etching the silicon
single-crystal substrate from both sides thereof using the w ndows. In
this case, the opening areas of the topland the bottomend of each slit
are equal to each other, as showmn in Fig. 34b. When this slit
form ng nethod by processing the substrate fromboth sides thereof by

ani sotropic etching process is applied for a case where the nozzle
openings are arrayed at relatively large pitches, it is easy to obtain the

FIG. 22 a
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caonpl i ance as intended. In the above-nentioned enbodi nent, the
partition walls horizontally defining the pressure generating chanber are
“uniformin thickness. However, the narrow spaces 110 may be constructed
deéviated to one pressure generating chanber as shown in Fig. 36. In this
case, of the partition walls 111 and 112 horizontally defining the
pressure generating chanber, the pasagition wall 111 takes the charge of

t he conpl i ance. I n tthe above-nenti oned enbodi nents, the so-called
face ink jet printer head in which the nozzle plate, the spacer, and the
vi brator plate are stacked one on another, has been discussed. It is
evident that the present invention is applied to the spacer of a called
edge ink jet printer head in which the nozzle plate, the spacer, and the
vibrator plate are stacked one on another, and the nozzle openings are
formed in ' ' .-

95a 95b

FIG. 23




the end faces of the pressure gener
| ongi tudi nal ly viewed). The spa
"pressure generating chanbers, the space
by the path hol es has been descri bed.

42

descri bed. Fig. 37 is an enlarg
portion of an ink jet printer head accor
present invention. In Fig.37 , a nozzl
210a, a spacer 200, and a vibrator plat

paths. The spacer 200 is nmade-of a sil
crystal face wvertically oriented in (11
‘determ ne the volunes of the ink flow pa
chanmbers 201, ink supply paths 202, and

ating chanbers (when

cer made of silicon in which the

r, and the reservoirs are forned
Anot her type of the spacer will be
gd, perspective view showi ng a key
ding to a third enbodi nent of the
e plate with nozzl e openings

e 211 are stacked to formink flow
con single-crystal having the

s which substantially
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reservoir 203, are forned by called anisotropic etching process using an
etching liquid in which an etching rate depends on the crystal
‘orientation. The surface of each ink path is tenpered by a protecting film
(nmot shown) in which inpurity atonms are added to silicon by thermally

di ffusing oxygen atons, thereby inproving the resistance properties of the
I nk path against ink and the afflnltyZOchereof with ink. The protecting
filmis not essential to the present inventi-on. Wien ink used is properly
sel ected or adjusted, there is no need of using the protecting film

43 The ink supply path 202 is triangular (shaped |Iike V) in
cross section, and its volunme is smaller than that of the
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pr.essure generating chanber 201 contoured rectangularly. Flow resistance
of the ink supply path 202 is larger than that of the pressure generating
*chanmber 201, thereby inproving the efficiency of forcibly discharging ink
droplets. At the tinme of ink expelling, the quantity of ink flowng into
t he nozzle 210 is increased, while at_the same tinme the quantity of ink

flowing into the reservoir 203 from t he} nk supply path 202 is decr eased.

The space to be the pressure generating chanmber 201, contoured
paral |l el ogram is enclosed by the (111) faces parallel to the crystal
axes <211>. . The space to be the ink supply path 202 is defined by
the (111) faces slanted parallel to the <110> axis. The space for

the ink supply path 202 is |located at the acutely angled corner of the
paral | el ogram of the pressure generating chanber 201, in order to secure

a smooth flow of ink and a smooth pﬁ§c1ar y@f (ink  bubbles. A
met hod of manufacldling thei nk jé;lq nt?Fnheéd thus structured Wl be
descri bed. by ’h« |ﬂl RN
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Figs. 38 (a) to 38 (d) show a set of diagrams showing a sequence of steps
for manufacturing the ink jet printer head according to the present

4 nvention. - A silicon single-crystal substrate 200 in which the
crystal face of the surface of the substrate is vertically oriented in
(110), is heated at 900 to 1100 [err]C , and placed in

44 hi gh tenperature gas of oxidizi né¢ agent, such as oxygen or aqueous
vapor, thereby diffusing oxygen atons in the surface region of the
substrat e. In this enbodi ment, through the thermal oxidizing process, a
film230 made of silicon oxide, 1.7 [err]mthick, was forned. The

silicon dioxide film230 is used as a mask in the step of anisotropic
etching process to be

L2
=
e
0 S
e
S 2
m -
N
. L=
D
W
v |
) o |
/d’

104 105

FIG. 30.a.
W
(
|




given |ater. Any of other nethods than the thermal -oxide process, such
as CVD (chem cal vapor deposition) nethod, an ion inplantation nethod and

* -anode oxi de nethod, may be used for formng the film 230. The silicon

substrate filmmay be replaced by a silicon nitride film a called p-type
silicon filmadded with boron or galliumatons, or a called n-type
silicon filmadded wi.th arsenic or anting y atons. The thi ckness
of the silicon single-crystal substrate Ts preferably 0.1 to 0.5 mm nore
preferably 0.15 to 0.3 mm In the present enbodi nent, the silicon

single-crystal substrate 200 of a thickness of 0.18 nm was used.
Resin resist is applied to the silicg y ngl éﬁrystal substrate, thereby
form ng a pattern thereon. The si lfi . e film230 is selectively

et ched away usi ng acid.etchgﬂ? |iquid, such as an aqueouys sol ution of

fluorine oxide. thg rgsin regsigt ils nenpved, g mask pattern
of the silicon oxide fil% 230} that |i s{patjterlned i} the preJi ous process
step appears on the subst&pte as [shgqwn{in|Fid.38 (3).
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A wi ndow 231 is a location for the pressure generating chamnber
45 201. A window 232 is a location for the ink supply path 202. A w ndow
* 233 s a location for the reservoir 203. The silicon
single-crystal substrate 200 is etched by anisotropic etching process,
using an etching liquid in which the gtching rate varies depending on
the crystal face orientation, such 5 an aqueous solution of sodium
hydr oxi de or an aqueous sol ution of potassium hydroxide. The anisotropic
etching process ends in a state showmn in Fig. 38 (c) through a state shown
in Fig. 38 (b). Specifically, the (111) face vertical to the (110)
face of the surface of the silicon single-crystal substrate 200 and the
(111) face slanted to the
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* ‘sane appear in the window 231 after it undergoes the anisotropic etching

process. A slanted (111) face appears also in the w ndow. The
» ani sotropic etching process is further continued. Then, the slanted
(\111) face disappears and a vertical (111) face appears, Thr ough t he

above process steps, spaces 20la eacha2gf which substantially determ nes
the volunme of a pressure generating chanber 101, spaces 202a each of

whi ch substantially determ nes the volune of the ink supply path 202, and
a space 203a which substantially determ nes the volunme of the reservoir
203 are forned while being partitioned by vertical (111) faces 234.

In the present enbodinent, for the anisotropic etching, the silicon
single-crystal substrate 200 was i nmersed for about 90 minutes in an
aqueous sol ution contai ni ng sodi um hydr oxi de
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46 of 20 wet. % kept'at 80 [err]C. The resultant structure was as
shown in Fig. 38 (c). A partition wall 234a, dependi'-ng upon.the

. vertical (111) faces, for partitioning the spaces 20la to be the

pressure generating chanbers 201 and the spaces 202a to be the "ink supply
paths, and a partition wall 234b for partitioning the spaces 202a to be
the ink supply paths and the space 203a to be the reservoir are renoved by
an isotropic etching liquid, such aszgaan aqueous ‘solution of fluorine
oxide. The silicon oxide film230 is also renoved in the etching process
using the isotropic etching liquid. The etching rate in this etching
process is substantially equal to that in the etching process for the
silicon single-crystal substrate 200. Accordingly, the thickness of the
partition walls 234 is set at 1.7 [err]m equal to that of the silicon
oxi de film 230. | npact by ultrasonic  vibrations, in place of the
isotropic etching liquid, may be

FIG. 34 a
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used for renoving the partition walls 234. Then, a protecting film
(not shown) is fornmed for obtaining a desired resistance properties of the
ink path against ink and a desired affinity thereof with ink. The type of
the protecting filmto be forned and the neans for formng the protecting
filmare the sane as those in the steg for _formng the mask pattern 230.

It is suggestible to forma silicon lide filmby the thermal oxide
process. Wth provision of the partition walls 234 (234a and 234b)
for partitioning the spaces 20la and 202a, there is

47 el i m nated an excessive etching at the acutely angl ed corner of t he
paral | el ogram that secondarily occurs in the anisotropic et chi ng process.
As a result, the spaces 20la and 202a can be
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* shaped as desired. It is noted that the ink supply paths 202 and
the . pressure generating chanbers 201 are integrated into a single part
(silicon single-crystal substrate 200). Wth this structure, the
prkeci se shaping as one of the advantageous features of silicon is well
used to provide uniformdischarging characteristics of the ink paths and
| ess variation of the product characte@gistics of lots. Only the (111)
faces where the etching rate is | ow when conpared with other crystal faces
are left. Accordingly, a tolerable range within which the etching
conditions may be varied in the anisotropic etching process is broad.
Extrenely stable products can be manufactured. Fig. 39 is a
perspective view showing a key portion of an ink jet printer head
according to yet another enbodi f 632 present invention. In this
enbodi ment, each pressure gendr ating er 201 is provided with a
plural nunber (two in  this enbodinent) of ink supply paths 202. Spaces
202a to be 48 :

)

4

DAMIMMMININ

I HIIITIITIIIY

et

N

s\

™~
'\1.4
—
3—"
—_
——d

—
(=]
-
-—d
N

MmN

(o]

12 95



- the ink supply paths 202 are respectively located the acutely and obtusely
angl ed corners of the parallelogramof the space 20la to be the pressure

. generating chanber 201. Wth this, a snooth flow of ink and a snooth

di scharge of ink bubbles are ensured.

48 Fig. 40 is a perspective view showing a key portion of an ink
jet printer head according to a further _enbodinent of the present

i nvention. Spaces 204a which SUbstaﬂtiaIIy determ ne the vol unes of

t he nozzl e openings are also formed |ike the spaces 202a of the ink supply

pat hs 202. The nozzle openings 204 are | ocated on a peripheral edge of the
silicon single-crystal substrate 200. The ink jet printer head of this

FIG. 37
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enbodiment is a so called edge ink jet printer head. Since a plural
nunber of the nozzle openings 204 are arrayed on one. side face of the
“3&ilicon single-crystal substrate 200, the peripheral edge 200a is finished
td be flat by cutting neans, such as a rotary grinder. As

descri bed above, the plural .nunber of the ink supply paths 202 can stably
-be manufactured so as to have a desire8) flow resistance. Those ink supply
pat hs, together with the pressure generating chanbers 201, can be forned
in the silicon single-crystal substrate 200. Each ink supply path 202 is
supported at both ends by the ink supply paths 202 on both sides thereof,
and simlarly each pressure generating chanber 201 is.supported at both
ends by the pressure generating c 01 on Egth si des. gﬁéefore,
easy handling of the silicon sing cry subs te 200 aft the ink
supply paths 202 and the pressure ' ers 2 3
therein is realized althoy '

substrate ﬁ/ﬁ-sgrggl Iae. _
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- %49 dains: - 1. An ink jet printer head conprising ~a nozzle

plate (1; 210) with nozzle openings (2, 210a, 204) ; a spacer (4,
>~200) including pressure generating chanbers (48, 201), ink supply paths
- 47, 202), and at |east one reservoirs (203) for receving ink; a

- cover nenbers (10, 211) including a_nozzle plate and a cover plate
~confronted each other through the s er; and pressure generating
nmeans (30) for generating pressure in the pressure generating chanbers

(48, 201), /Tger bt he spacer (4, 200) includes a main area (4a)

cont ai ni ng td%: r033 hol e %5) for formng the pressure gener ati.ng

chanbers (48, 201) and the 202K262ab! y_pat hs (7, 202) and a peri pheral

v

S a partition wall 64
- (104) for receiving in
1, wherein the '

area (4b) containng the t hr §ug s _(6) for the reservoirs (203), and
' W AE ~s{ng the ink supply pat h
adnaccording to claim
g) iIs within the
range from 2pd err [im

FIG. 40
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3. The ink jet printer head according-to' ) the cl ai P{’ Nﬁz ,
wherein the partition wall (105) is oblique to. an arrg%5%3 cﬁ t ‘ﬁ

nozzl e openings (2, 210a, 204). 4. The ink jet printer:head according to
the clains 1 to 3, wherein the partition wall (105a) includes another
partition wall (105b) crossing the parthtiton wal | (105a) at the
central part of the ink supply path (10%4).

50 5. The ink jet printer head according to:cl aiREPLAGEMENT SHEET
wherein the pressure generating chanbers (48, 201) each have wal | s of
at |east tyq1( FRAVERS AN INK SUPPCRIPATR TBhSTRENGTHEN BOUNDARYfREGIBN si | i con

si ngl e-crystal substrate (200), and the ink supply paths (202) each
have walls of at |east two (111) faces slanted to the surface of the
silicon single crystal substrate (200).

The present invention relates to an ink jet printer

head , a method of manufacturing an ink jet printer heaa and
trate in

a method of processing a silicon single crystal sub
use with an ink jet printer head. ; o

|

i
H
H

i

4

An ink jet printer head shoots forth ink droplets onto
a recording medium to form dots thereon. Print of extremely
high resolution is realized if the size qf the ink droplets is
reduced. For high speed printing, the number of nozzle
openings must be increased. Particularly, in the printer head
of the type in which piezoelectric vibrating.elements are used
as an energy source for expelling ink droplets, the pressure
generating chamber must be designed to be as large as possible
in order to efficiently use the energy of the piezoelectric
vibrating element. This requirement for the efficient use of
" the energy is contradictory to the current tendency of the size
reduction of the printer head. |
Measure currently taken for the contradictory problem

is to reduce the thickness of the wall partitioning the
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. REPLACEMENT SHEET
51

WALL TRAVERSING INK SUPPLY PATH TO STRENGTHEN BOUNDARY REGION

ABSTRACT _
An ink jet printer head includes a spacer (4) including
pressure generating chambers (48) continuous to nozzle-
openings (2), ink supply paths and reservoirs, a cover
member for covering the pressure generating chamber (48)
in a sealing fashion, and pressure generating means (30)
for generating pressure in the pressure generating
chambers (48, 201) in accordance with print data. 1In
pfocessing a silicon single-crystal substrate vertically
oriented in (110) by anisotropic etching process, one of
the walls of a path hole for forming a pressure
generating chamber (48) is aligned with one of the wdlls
of a path hole for forming the ink supply path. Walls .
defining the path hole for forming a pressure generating
chamber (48), which are located in the vicinity of a
nozzle opening (2), are connected to each other at an
obtuse angle. As a result, the ink supply path serving as
a narrow path for ink flow and the pressure generating
‘chamber (48) are formed as smooth flow paths. The walls
in an area in the vicinity of the nozzle opening (2)
where ink tends to stay are substantially equally
distanced from the nozzle opening (2). A smooth flow of

ink is ensured.

FIGURE 8
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Claims: =~

1. An ink jet printer head comprising :
a nozzle plate (1, 210) with nozzle openings (2; 210a,
204) ;
a spacer (4, 200) including pressure generating chambers

(48, 201), ink supply paths (7, 202), and at least one

reservoirs (203) for receving ink;

a cover members (10, 211) including a nozzle plate and a

cover plate confronted each other through the spacer:;

and

pressure generating means (30) for generating pressure
in the pressure generating chambers (48, 201),

wherein the spacer (4, 200) includes a main area (4a)

containing the through hole (5) for forming the pressure

generating chambers (48, 201) and the ink supply paths
(7, 202) and a peripheral area (4b) containng the
'through holes (6) for the reservoirs (203), and a
partition wall (105) is formed traversiﬁg the ink supply

path (104) for receiving ink.

2.. The ink jet printer head according to claim 1,” wherein the
thickness of the partition wall (105) is within the range
from 20 pm to 80 num.

3. The ink jet printer head according to the claims 1
to 2, wherein the partition wall (105) is obligue to an
array (3) ¢f the nozzle openings (2, 210a, 2Q4).

4.. The ink jet printer head according to the claims 1
to 3,. wherein the partition wall (105a) includes another
partition wall (105b) crossing the partititon wall (105a)
at the central part of the ink supply path (104).




