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droplets onto a recording nediumto formdots thereon. Print of extrenely
high resolution is realized if the size of the ink droplets is reduced.
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I ncreased. Particularly, in the printer head

The present invention relates to an ink jet printer

head , a method of manufacturing an ink jet printer head 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
reduced. For high speed printing, the number of nozzle
open;ngs 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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of the type in which piezoelectric vibrating elenents are used as an
energy source for expelling ink droplets, the pressure generating chanber
must be designed to be as large as possible in order to efficiently use
the energy of the piezoelectric vibrating elenment. This requirenent for
the efficient use of the energy is cont#2adictory to the current tendency
of the size reductian.of the printer head. Measure currently
taken for the contradictory problem is to reduce the thickness of

EEgLAgEbENT%ghEE%E niﬂﬂesé&%% generating chambers, and to enlarge th

DEC 1999 essure generating chambers in the 1oMYidSRNindd & ion.
generati ng éﬁénbers, and to enlarge the pressure dgenerating chanbers in

the longitudinal dipgctf®Am the pressure generating chambers and the
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reservoirs, path holes are formed in a spacer for setting the
vibrator plate and the nozzle plate fixed distance apart.
Since the path holes must be formed in conformity with the
pressure generating chambers that are extremely small and
compiicatedly shaped, the etching technique is usually used.

A photosensitive resin film is usually used for the
spacer. The spacer made of photosensitive resin has a small
mechanical strehgth. The printer head using such a defective
spacer suffers from cross talk, deflection, and the like, and
attempt to achieve high resolution is accompanied by
deterioration of print quality.

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 pressure generating chambers ahd ink supply
paths are formed 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 vig}ating elements is minimized. The walls

undergoing etching are substantially vertical to the surface of



To formthe pressure generatlng chanbers and the reservoirs, path holes
are formed in [err] spacér for setting the vibrator pl ate and t he nozzl e
-pl at'e fixed distance apart. Since the path holes nust be formed in
conformty with the pressure generating chanbers that are extremely smal
and conplicatedly shaped, the etching Bechnique is usually used.

phot osensitive resin filmis usually used for the spacer. The s%acer nmade
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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 silicén single-crystal
substrate is advantageous 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
soclved by the ink jet 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 deiining 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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paths are formed in the silicon single-crystal substrate by anisotropic

et ching process. The spacer of ‘the silicon single- <crystal substrate has a
| ar ge nmechani cal strength. Therefore, the deflection of the whole print
head caused by defornmation of the piezoelectric vibrating elenents is

m nimzed. The walls -undergoing etchingtare substantially vertical to the
surface of 3 the spacer. Because of

this, the pressure generating chanbers can be uniformy forned.

Thi s spacer 2d¥ i oL oy g rohl LB thevehe pHsentl 1svémt 164, bunt ik
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pressure gesedsirle GendkIng Nkhdrtiuis t fast apeantoiBedenansaimimyblEmeoth
supply of ink to the pressiire 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 2%0 um thick to easily be handled.

Yet another aspect of the present invention is to
proviée a novel ink jet printef 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 aépect, : 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 vibrator plate receiving vibrations of piezoelectric
vibrating elements, and the piezoelectric vibrating elements

" longitudinally vibrating in accordance with print data. In the
ink jet printer headt 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



in the pressure generating chanbers. The spacer fornmed 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 nmechani cal strength of the whole spacer is snmall. Because of the fragile
spacer, it is difficult to handle the spacers 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 ect réKanbdf 3d Mbn iSRG £o2BALBE BRa! wE2NS! BLENAIAEa8Spath hSie
therefore, the object of the present invention to provide ah mﬁ ] et
printer heagbafthd dvetipd ggpwgy.tq{_ng same whi ch avoid the

above-menti oned drawbacks. This object is salaeasklby the ink jet printer
head of any one of 1t iddepessiBntpLtiod WBhdre}inkl®endd @b ¥kay hendrethed
of manufacturing an-ink jet printer head of any one of the independent -~
clai n8 38 @raéfyumndgéederaeifpdchimbess easienf drmsad | £ANaSipl@ine-,crofiéteb
substrate according to any one of the independent clains 33 or 34. Furt%er
advant ageosnswzitng es, saspeht flaowl dét dinks oéndherevesttiingn st &£y evifdeirik
fromthe dependent clains, description and drawings. The clains are

i nt ended t duldl@sderstood as a first non- limting approach of defining the
invention in general ternms. The invention provides an ink jet printer head
in which a spac8fefémrasdtaing ®tbvenedhembEtedahd thegendszpropided awm tink
nozzl e openings at a fjxed distance apart and having pressure

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
whereln
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
preferably

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.

The bridge means of the path holeifgrevent- the
partition walls defining the pressure generating chambers from
falliné 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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generating chanbers, reservoirs, and ink supply paths connecting
them is fornmed of the silicon single-crystal substrate.

4 According to a first aspect of the present invention, an ink jet
printer head is provided using a spacer formed of a silicon single-crystal
substrate, so that snoboth flow paths frofmthe ink supply paths (tending to
serve as narrow paths) to the pressure generating chanbers may be forned
ensuring snooth supply of ink to the pressure generating chanbes and snooth

di scharge of ink buwilhesthe deformafbohheif aghectwfi1heprerentpddieiiztd on
Is to provide a novel ink jet printer head which allows the spacer t her eof
formed of gemeraltimg schasbers siatgl ther i ofubstidat tngwhifelrths prkef ermabl y
approximately 200 [err]mthick to easily be handl ed. Yet anot her
aspect of ©cenpliessst lamgenenonghstooshpobvifdeth dakelisi skecueedprinter head
i n which the pressure enerat chanbers reduced in size have conpliance
|l arge enough eerdshipdP of thierplie Provided a method of processing

a silicon single-crystal substrate in use with an ink jet
printer head in which patterns of anisotropic etching
advents gecusly

protecting patterns, made of silicon dioxide, coincident in
configuration with patterns for forming path holes, are formed
prc"»‘c.n..h\\j
in a mirror image fashion, on the obverse and the reverse side
of a silifon single~crystal substrate vertically oriented in
(llO)Z?E:t:ng 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 holes; etching
protecting patterns defining a narrow, second pattefn connected
to a relatively large, first pattern, which are located in
regions where the first pattern 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 «a
second path hole while being substantially aligned with a
second wall.

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

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

silicon single—crystaiﬁsubstrate.



Still another aspect of the present invention is to provide a nethod of
manuf acturing the ink jet printer head, nore particularly an etching

met hod for form ng 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 hdaving an arrd of nozzle openings, a spacer

i ncluding path holes for fornming pressure generating chanbers, ink supply
paths, and reservoirs, a vibrator plate receiving vibrations of

pi ezoel ectric vibrating elenents, and the piezoelectric vibrating elenents
| ongitudinally vibrating in accordance wth print data. In the ink jet

printer head, the spager 'EE' 4iC8xB18HLHC 9 o3l Ui n kS idlk SIS it o
vertically oriented i (110 s preferably proc ssed by ani sotropi c

etching progesd SHebokBahgoRe 8h bRBodWakhnt dﬁf itHeN G re seaith ih@ded thidyny ng a
pressure generating-

. Fig. 2 is a plan view showing a spacer 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; i

Figs. 4(a) and 4(b) are a perspective view and a cross
sectional view showing respectively 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) and 7(b) 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. B is an enlarged view showing the configuration of

P

a path hole forming the pressure generating chamber;



chanmber is continuous to one of the walls defining a path hole form ng an
I nk supply path. The i nk supply paths where normally ink tends to
stay and the pressure generating chanbers are formed in a plane, thereby
ensuring a snooth flow of ink, and preventing stay of ink bubbles.
Accodrding to a preferred aspect, there Bs provided an ink jet printer
head havi ng a spacer,- pressure generating neans formed by two cover

pl at es sandwi ching the spacer therebetween, ink supply paths
connecting the nozz peqi n herd eSELYPARS Lo rovidedel
connection with the%f%féggucg?dg%eeziing ?ﬁaﬁ%%és mﬁgéegﬂatﬁe gregggfeOf
generating Q{‘éﬁ?%ﬁ manufg%turﬁh@vhd@ﬂad‘éf Mo P RS S SR & %H'l’iﬁo%?%ﬁ@ie- I'n

the ink jet printer head, the Spacer is a“silicon single-crysta

substrate verys €2l | yupit Lt &dvéd e {ddD)y tdeienCedr Bhe[ aDbY BYOSREEEErBYc
ani sotropi c etching process such that the pressure generating chanber is

formed by eepeitndopeoyedd; a bri dge neans.

Fig. 10 is an explanation diagram for explaining a
state of etching as the result of a misalignment of etching
patterns 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 iﬁ (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 diagrams showiﬁg 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. l4a and 14b are diagrams showing another pattern
for the anisotropic etching, the illustration showing a state
of etching immediately before the etching ends;

Fig. 15 \is ;h enlarged, plan view showing another

etching pattern containing reservoirs in such a structure for



The bridge neans of the path hole can prevent the partition walls defining
the pressure generating chanbers from falling down. The partition
wal l's 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 receiving a pressure that is appli@d to ink for ink discharge.

6 . Wth the deformation of the walls of the pressure generating
chanbers at the time of shooting forth ink, a conpliance |arge enough to

o fortth?ﬁégig ec%ﬁ?dfrom gﬁgo&gF@QVE&Ia'E A subs?eE?ES%HIE%e

provi ded a ire Focessin I con single- crys
with an 'nkgéﬁEraQ“hBtgﬁaﬂgags5n whi ch patterns of anlsotroplc et chi ng

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 the 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 1is 'a plan. view showing a positional
relationship of the nozzle openings, islands, and piezoelectric
vibrating elements when the nozzle plate, the vibrator plate,
and the piezoelectric vibrating elements are mounted on the
spacer;

Fig. 23 is a view showing an additional path hole

"

forming the pressure generating chamber;



protecting patterns advantageously made of silicon dioxide, coincident in
configuration with patterns for formng path holes, are forned, in a
mrror image fashion, on the obverse and the reverse side of a silicon
single-crystal substrate vertically oriented in (110)normally having a
fixed thickness, and the silicon single-ktystal substrate with the
patterns fornmed thereon is processed from the obverse and the reverse side
t hereof by anisotropic etching process, thereby form ng the path holes;

etching protectingppgtteyng def i frogs asbatiowalseaeid gubwaig thanecoss
to arelatively large; first pattern, which are located in regions where

the first patteiBnafdshBgesgeond .pptigge;are to be forned, are aligned
wi th each other, and a blade-like etching protecting pattern is forned in

parallel with a pegendzgaidy el erehviewbedfigeeanyskary ietidhirg ipgrdernist h
a second wall. - Thi s manufacturing nethod controls the etching so
as not to bera¥@esst VEheusbvgriske drididehki keevsds ngigat ofr nthe Fhddcoor e,
fine and preci'se path holes can be formed in the silicon single-crystal
substrate. single-crystal substrate to form the path holes;

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

Fig. 29 is a plan view showing another path hole
forming the pressure generating chamber;

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

Fig. 31 is a graph showing a curve representative of
defective-discharge occurrence rate vs. the width w of the
partition wall;

Fig. 32 is a perspective view, partly in cross section,
showing another embodiment of an ink jet printer head according
to the present invention;

Fig. 33 is a cross sectional view showing the nozzle
plate, the pressure generating chambers, and the vibrator plate
near the bridge and the nozzle openings;

Figs. 34a and 34b are a plan view and a cross sectional

view showing an exemplar spacer;



7 Fig. 1 is an exploded vies showing an ink jet printer head
according to an enbodi nent of the present invention; Fig. 2is a
pl an vi ew showi ng a spacer used in the ink jet printer head; Fi g.
3 is an enl arged, perspective view showing a portion of a vibrator plate
where it is in contact with piezoelectrlilc vibrating el enents;

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

g'hggmt Lgngpg‘;ttgf ﬁg‘ﬁ?t OfsUNid; a diagrdm J-séhdMa@icdPEF SRS ORG Vhew
structure including a pressure generating chamber, the
iilustration showing deformation of the chamber partitioning:
walls whe; a pressure is applied to the chamber;

Figs. 36a and 36b are a plan view and a cross sectional
view showing another spacer;

Figs. 37a and 37b are plan views showing patterns
formeé on the obverse and the reverse sides of a spacer formed
of a silicon singie-crystal substrate when the spacer is
processed by anisotropic etching process;

Figs. 38 (a) %o (f) are views showing a seguence of
steps for forming a spacer by anisotropic etching process;

Figs. 39a and 39b are cross sectional wviews showing
slits formed by anisotropic etching process when viewed in the
longitudinal direction of the pressure generating chamber;

Figs. 40a and 40b are plan views showing another type
of patterns formed on the obverse and the reverse side of the
silicon single-crystal substrate;

Fig. 41 is a cross sectional view showing an additional
spacer;

Fig. 42 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. 43 (a) to (d) are plan views showing a method of

manufacturing the spgcef/according to the present invention;
of the ik (et ?":“’\'Q" head
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ink jet printer head, Fig. 6 is an enlarged, cross sectional view
showi ng pressure generating chanbers and their related portions of the
ink jet printer head; Figs. 7(a) and 7(b) are enlarged, plan views
showi ng the pressure generating chanbers and their related portions of
the spacer in the ink jet printer head, iRe illustration show ng a
positional -rel ati onsht p anong nozzl e openi ngs, islands, and piezoelectric
vibrating el enents when the nozzle plate, the vibrator plate, and the
pi ezoel ectric vibratiitg 4@l ¢eeah enbafgetienpdispective vidw $howiRd a key
enl arged view showi ng the configuration of a path hole formng the
pressure gerpoettiory obammerink jet printer head according to a further
Figs. 9 (a) to (e) are diagrans showi ng a sequence of

. embodiment of the present invention; and
Fig. 45 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
invention, linear opening arrays 3 each consisting:iozzle
openings 2 are formed in a nozzle plate 1. These nozzle
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 lafer) and the
nozzle plate 1 as a second cover plate. As shown in Fig. 2,
the spacer 4 contains pressuie generating chambers, reservoirs,
an ink supply port connecting them, and path 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. 3, @each .

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 piezoelectric vibrating element 30 contained in a

pPiezoelectric vibrator unit 21, has such a rigidity as to



steps of manufacturing a spacer by processing a silicon single- crystal
substrate vertically oriented in (110) by anisotropic etching process;

Fig. 10 is an explanation diagramfor explaining a state of etching as the
result of a msalignnent of etching patterns forned 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 sotropi ¢ etching process; Fig. 11 is an explanatory diagram for

expl ai ni Ng Fran¥ndd @S8ighlaEEREAY OF OLles pidese I et 51t | bt gy & Xensial
substrate vertically oriented in (110) is etched by anisotropic etching

process; 30 to thki g6ssiBip)latgbsh? @neaar e Thieaghanspsbonbngl 2ni £y of

patterns to forma spacer by etching the silicon single- crystal substrate

by ani sotrdpi ctaechpagipherelss armad afstbthe dldmd stl.uct ukdthmeddat & vy

before the etching process ends; Fig. 13 is an enlarged, plan view

showi ng et coinsgruction, the pressure generating chamber can efficiently
be expanded and compressed in accordance with stretching
motions of the piezoelectric vibrating element 30.

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

1 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.

L Each piezoelectric vibrating element 30, as shown in
Fig. 4(b), is constructed 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 35
extended to the sides of the piezoelectric vibrating element.

The outer ﬁéjor surfaces of the external drive

electrodes 35 of the piezoelectric vibrating elements 30 are



patterns of the reservoirs in the structure for supplying ink fromone
reservoir to two pressure generating chanbers; Figs. 1l4a and 14b
are di agrans showi ng another pattern for the anisotropic etching, the
illustration showing a state of etching inmediately before the etching
ends; Fig. 15 is an enlarged, pll&n vi ew show ng another etching
pattern containing reservoirs in such a structure for

9 supplying ink fromone reservoir to two series of pressure generating

chanbers; substantfﬁgf%l?lh§haQLQ }Q§dflfiﬁgsb§%§5]9ﬂ?| VTE&’%QQ@&RQla

enerating chanmber in the

portion of the path ho orm ng t e pressure

vicinity of céhfoR QVdS: SN Y of the leiﬂéheéifié AL Ve 8 i @ o 3lper

path hole formng the pressure generatlng chanber;

- are electrically and physically coupled with electrodes 40

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 éonnection
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 ends 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 resérvoirs. 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 epoky resin. Reference numeral 46
designates an inflow port connecting to the ink tank.
In the constrgétion of the record head shown in Fig. 1,

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

OSFsJ.



Fig. 18 is a view showi ng yet another path hole formng 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, cross sectional view showing a portion of the path hole formng
the pressure generating chanber in thel%icinity of the nozzle opening;
Fig. 21 is a view showing a further path hole formng the pressure
generati ng chanber; Fig. 22a is a plan view showi ng the structure

of anot helbysPERE! inozzle plitd: 1228ndS theP! FDbYEEWrSOMItW 20POSiHd WY
rel ati onshi p of the nozzl e openings, islands, and piezoelectric vibrating

el enent s Witnligy ad suitd aféhetdteing béRaabept atiesigaatdetheypiwrftandd i C
vibrating elenents are nounted on the spacer; Fig. 23 is a view
showi ng an ragtéidalodal. puhén hehe tHior poig ildre 12r e€suhe gibeator nolatmrtey ;
which receives a stretching motion of the piezoelectric
vibrating element 30 through the island 11, is deformed to
cémpress the pressure generating chamber 48, the pressure
generating chamber 48 pushes ink contained therein to exterior
in thé form of ink droplets through the nozzle opening 2.
Figs. 7(a) and 7(b) are enlarged, plan vie#s'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 pressure generating chamber 48.
In a case where the vibrator plate 10 is bonded to the
nozzle plate 1 by 5cihesive, indentations 50 for receiving

adhesive are formed around those path holes by anisotropic



10 Fig. 24 is a cross sectional view showi ng 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
single-crystal substrate to formthe path hol es; Figs. 27 (a) to

(d) and 28 (a) to (d) are a cross secti®nal 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 show ng another path hole

form ng t hetuHsgupeogeser. atThe ichiEmmtion 50 is Epgroxifiatadg BOO o eoipl an

vi ews showi ng ot her spacers wused for the ink jet printer head according to

t he presentshorter 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 é;cessive 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
receiQe 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. 8 illustrates a path hole forming a pressure
generating chamber 48 and a path hole forming an ink supply
path, and angles of the walls of these path holes. The path
hole 5 forming the pressufe generating chamber 48 includes
seven walls 5a to 5g. The walls 5b, 5f, 5g, and 5a around the
nozzle opening 2 are jointed at angles 03, 64, and 65. The
angles 63, B4, and 65 are obtuse angles of approximately 152°,
100°, and 110°, respectively. The walls 5c, 5d, and S5e 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 afea where the ink supply path opens to the pressure

generating chamber.



I nventi on; Fig. 31 is a graph showing a curve representative of

def ecti ve-di scharge occurrence rate vs. the wwdth wof the partition wall;
Fig. 32 is a perspective view, partly in cross section, show ng another
enbodi nent of an ink jet printer head according to the present invention;
Fig. 33 is a cross sectional view showi ngiThe nozzle plate, the pressure
generating chanbers, and the vibrator plate near the bridge and the nozzle
openi ngs; Figs. 34a and 34b are a plan view and a cross sectiona

vi ew showi ng an exe%@a'e%ail&a%rof the path hole 7 forithe 3hi SubgliPPAR

schematically showi ng th
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
selected to such an extent as to gain a flow path resistance
suitable 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 wall 6a of
the path hole 6 for the 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 01 is 30°, and an angle 02 is
approximately 70°.

To assemble, adhesive is appliéd to the spacer 4 thus
structured, and sandwiched by the nozzle plate 1 and the
vibrator plate 10 after these are accurately positioned to one
another, and the assembly' of those components 1is pressed
together. Adhesive not used for bonding 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 ﬁzoduced after completion of the bonding

process, each nozzle opening 2 of the nozzle plate 1 is located



structure including a pressure generating chanber, the illustration
showi ng deformation of the chanber partitioning walls when a pressure is
applied to the chanber; _ Figs. 36a and 36b are a plan view and a
cross sectional view show ng anot her spacer; Figs. 37a and 37b are
pl an vi ews showi ng patterns fornmed on tB& obverse and the reverse sides of
a spacer faornmed of a.silicon single-crystal substrate when the spacer is
processed by ani sotropic etching process; Figs. 38 (a) +o (f) are

views showl g £ $RA4HRCengl of SA Yhddl iolTo?0 theSPACH nBYeAB! EOLIONE as
et chi ng process; Figs. 39a and 39b are cross sectional views

showi ng slidys fo:Q?EIuPé! 38hehEORGC chlambiely Pimgesachhars Mmyedli Bt hehe
| ongi tudi nal direction of "the pressure generating chanber; Fi gs.

40a and 40h sHfrdi an ¥4 eyptohdad ngvanother sippeanatiapatyt @rmts.rfeormd;mﬂ dgthe

obverse and the reverse side of the silicon single-crystal substrate; )

Fig. 41 is aHy opressaireongéneievi showhagnber addi Whenal theparisrzoelectric
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 vibrating element 30 can be highly
efficiently transformed into a variation of the volﬁme of the
pressure generating chamber.

In Figs. 9 (a) to (e) show a sequence of steps for
wherean
manufacturing the spacer 4,L a silicon single-crystal substrate
60 of the crystallographic axis (110), 220 um thick (enough to
satisfy the thickness regquired for the spacer), for example, is
prepared. A silicon dioxide film 61 whdt1s 3 um' thick, for
example, is formed on the surface of the silicon single-crystal
substrate 60 by thermal oxidation process. The “4hicknecs
of \ um 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 s;ngle—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



Fig. 42 is an enl arged, perspective view showing a key portion of an ink
jet printer head according to an additional enbodinent of the present

i nventi on; Figs. 43 (a) to (d) are plan views showi ng a nmet hod of
manuf acturi ng the spacer according to the present invention;

12 Fig. 44 is an enlarged, per$pective view showi ng a key
portion of .an ink jet.printer head according to a further enbodi nent of
t he present invention; and Fig. 45 is an enlarged, perspective

vi ew show “9?8-1%53/5, POr ti Of ad@ ifknkPbsBary!, ekhbeaddastatdong 50 apagher
enbodi nent of the present 1nvention.
9(b)).. _ |

In this state, the structure is etched using a hydrogep
flporide-liquid, so that the portions of the silicon dioxide
film 61 corresponding to the windows 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 formed on the
obvefse and the reverse side of the substrate are somewhat
different in size from each other so that the pattérn 61la on
the obverse side covers the pattern 61b on the reverse side, in
this instance.

Following the step of forming the silicon dioxide
patterns, 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 the efching
process, only the portions of the silicon dioxide f£film
corresponding to the windows 63 and 64 are etched away at the
rate of 2 pm/min., with the patterns 6la and 61b of the silicon
dioxide film as protecting films. 1In this case, the etching
progresses from both sides of the substrate at an angle of
approximately 35° to the surface of the substrate, viz., in the
direction vertical to the crystallographic axis (111).

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

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



In Fig. 1 showi ng an enbodi nrent of the present invention, |inear opening
arrays 3 each consisting nozzle openings 2 are fornmed in a nozzle plate 1.
These nozzle openings 2 are linearly arrayed at such pitches as to forma
print density of 180 DPI. A spacer 4 is sandw ched between a
vibrator plate 10 serving as a first c@®er 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, an ink supply
port connecpatly thicdm 65d izat fotméds whidh ¢Epraedpofdisoriforstizy ftloui ghe

paths for distributing ink froman ink tank to the reservoirs. A
vi brat or plpetetdins oblerda fining thehd asqgeoewihdowl (Eige. nded) . pl Bvenlifo
formthe pressure generating chanbers. As shown in Fig. 3, each of the

pressure geneshighy mbeabigmment fof nehle opatihersbapd the @hverseiangotheon
12. The island 11, -in contact with the top of a piezoelectric vibrating
el ement 30 xeywezsnctide of Yiesodisdratiec iA waasnd urlihe Btchinrg sukte acan
rigidity a%xgocontrolled through by adjusting 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 obverse and the reverse.side of a
substrate 72, as shown 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 71a
located outside a path hole 73 to be formed within the patterns
oppositely formed on 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 6la and 61b used as a mask are removed by using hydrogen
fluoride. Thereafter, the structure is thermally oxidized to

_ a-thickness of
form a silicon dioxide film 66 of 1l um for example,

(this figure indicates a film thickness satisfactory for the

protecting film) over the entire exposed surface thereof. This



13 transmt a displacenent of the piezoelectric vibrating el ement
the possibly largest area. The thin portion 12 is forned

area of the island 11. Wth such a construction, the pressure
generating chanber can efficiently be expanded and conpressed in

accordance with stretching -notions of 2lhe piezoelectric vibrating el ement
The piezoelectric vibrator units 21 are arranged as shown in

30.

Fig. 4(a).

in a state t

The piezoelectric vibrating elenments 30 of the piezoelectric

vi brat or U%iiﬂ.gtc%hgﬁf%ﬁr&éyﬁchﬁtssfif%echsé_&tﬂﬂeﬁ ?!ceraec&;aﬁgf ipf1R0 AL 31

ric vibrating el enments 30

Irst ends of the piezoelec

are attachggut Qrilghe ofeyiyng board 31, while the second ends thereof are
free so as to allow the 'piezoelectric vibrating elenents 30 to vibrate

a longitudinal vibpaki@ag fREe&ourse of the anisotropic etching process of

the silicon single-crystal substrate vertically oriented in
(110) till an intended pattern is formed, the etching
pfogresses at an angle of approximately 35° to the face
vertically oriented in (110), viz., along the face vertically
orien£ed in (111) as shown in Fig. 1ll1. In order to actively
use this nature, as shown in Fig. 12(a), an approxiﬁately 1/2
region of the path hole 5 for the pressure generating chambér
where it faces the nozzle opening is formed such that a
boundary 80a of an etching pattern 80 defining the wall of the
path hole is deviated toward the wall Sa 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. The 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 ére formed on the inner sides of the path
hole 6 for the reservoir in a state that these patterns 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 pattefn 80 at a given angle to the wall 5b of

the path hole because the etching pattern 80 includes the edge

30 to
I n the peripheral

in



Each pi ezoelectric vibrating elenent 30, as shown in Fig. 4(b), is
constructed such that piezoelectric vibrating nenbers 32, drive el ectrodes
33, and comon el ectrodes 34 are alternately |ayered. The rear ends of the
drive el ectrodes 33, exposed to outside, are connected in parallel by an
external drive electrode 35, which is f22nmed by vapor deposition process,
for exanple. The compn el ectrodes 34 are extended to the free end of the
pi ezoel ectric vibrating el enent 30 and connected in parallel by an

external corg@gn el ggLr %(E%hi?ﬁe% edels0 ttcher?églﬁ:stg% ?%gi%inez%iﬁfa ril_'}ge

vi brating elenent. er maj or surfaces o external drive

e e Y LS, MO, SR S0 ine vells s

el ectrodes 3}, 0fsd N@nd 840¢keshh eh¥i RE2218J0BLRIRG| SwRdch are arrayed at
obtuse angles, are formed. At the junction part between the
ink supply path and the pressure generating chamber and another
junction 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 supply path is
secured.

In the stage of etching the path hole 7 for the ink
supply path, the blade-like 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 formed through the
etching from both sides and intended patterns are formed, walls
5d and 5e, slanted at the angle 81 « 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 \w Fig, %,
hole 7 where it opens to the reservoir, As a result, the inlet

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

With this expanded ‘openings, ink smoothly flows into the



are electrically and physically coupled with electrodes 40 forned on the
bottom end faces of dummy vibrating elenments 39, which are |ocated on both
sides of the array of the piezoelectric vibrating elenents 30, by neans of
a conductive menber 38. The electrodes 40, |ike the external

drive electrode 35, are fornmed on the I28ttom end faces of the dummy
vibrating elenents 39, and are to be coupled with a connection «circuit
board. . Returning to Fig. 1, a print head body 42 includes unit

' hol 43 f I Vi ' | ectri | br at it 21 i t at
that the frEESERISe0r SERETPFEIBeI CUPIEE vi HrERT nd Dbl SRERCYOHG rar BLERGRSe

to outside, and _an.ink.s I r 4 for supplying ink froman ink tank
to the reseﬂﬁﬁﬁa?ﬁlngAﬁuggggéngﬁyigg'the vibrator plate 10, the spacer 4,

and the nozzie plaggqgl I537ibMah aLhrabadat o il SYSLACS i BELRlngead

body 42 by neans of -a frdme menber 4 SO serves as an _ _
el ectrost at i RirflsdofTha e 284LLGRErbSiA EREOLE 18RAL@S88MRhE: pakhOholelss 2

Cross sectighal view of the record head assenbly
6 for the reservoirs, in which ink is supplied from one

reservoir to two series of the pressure generating chambers.
In this structure, the nozzles of the series of the pressure
generating chambers afe slightly dislocated from one another.
Therefore, blade-like patterns 82, 83, 82’, and 83', which are
extended 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+tepath
hole 6 to serve as a reservoir is formed as a narrow
continuous 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 BS. 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;;éuré generating chambers as in Fig. 13,

the object can be achieved by forming narrow continuous



t hus. 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 nunmeral 46 of Fig. 1, designates an

i nfl ow port connecting to the ink tank. In the construction of the
record head shown in"Fig. 1, the path #bles 5 of the spacer, as shown in
Fig. 6, are closed - 15 by the nozzle

plate 1 and, the vibrator plate 10, thereby form ng pressure generating

chanber s d@f&%rﬁg bys 1 £ IEC heahlUFR] #Fhet@ndd et Whe Haith @Q{ltﬁesoni el

t he vi brat e 10, | receives a stretching notion o

pi ezoel ectriC fou krat G ghﬁggytpé&é N b Ariend Y iadb hlikd padefddiedgel O

conpress the pressure generating chanber 48, the pressure generating

chanber 48 gHishes i nkxcond endiedrbhierehd tmaredwer cohtihGohbe pottends i iy

dropl ets through the nozzle opening 2. -
alignment with the path holes 7 and 7', as shown in Fig. 15.
Therefore, if these are displaced from the nozzle positions of
the nozzle series, the blade-like patterns 86 and B6‘ 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. 16. As a
result, an additional wall 5h is grown, which is slanted at an
angle 88 = 152° to the wall 5b defining the pressure generating
chamber 48, as shown in Fig. 17. An angle 87 is aéproximately
125°. An angle 66 of the wall 5f1 (wall 5f2) to the surface of
the spacer 4 is approximately 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, 5h, and S5b 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 S5f2
connecting to the wall 5f at tﬁe angle 66 as viewed in the

cross sectional direction of the silicon single-crystal

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



Figs. 7(a) and 7(b) are enlarged, plan views showing 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 poR8s are fornmed 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 secured inheh@aici0itp of ithes Ao 1as opdhingPRly REEb$d2hg1§ach
desi gned such that the walls 7a and 7b defining the path hole 7 are-spaced

apart from saal ofhbubbBléeh ncdestlaammerds. 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 wa$l ibathef emhedpmehthwherd fthvenifomr hea PYessdeeformed
generati ng chamber 48. In a case where the vibrator plate 10 is -
bonded to tazoundzihe poazkbe lopsnimthedi v, Pavhicmobe i dhsfGH édnrinkcsuppby

adhesive are fornmed around those path holes by ani sotropic
path, which connects a path hole 90 for a pressure generating

cﬁamber to a path hole 91 for a reservoir, may be formed such
that walls 90c and 90d are formed which are obliquely extended
from the longitudinal walls 90a and 90b defining the pressure
generating chamber, and the path hole 92 i; located
substantially in alignment with the center line of the pressure
generating chamber (Fig. 18). 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 from the locations
near to the center of the end of the chamber toward the
pressure generating chamber, and walls %0e and 90f secondarily
formed along the crystal axis during the etching process. 1Ink
flows from the reservoir to the pressure generating chamber
more smoothly, without any stay df ink bubbles.

After the wall 5h is formed, the etching process is
further continued. Then, the etching of the wall 5f
selectively progresses. The end of the wall 5f closer to the
wall 5b grows, so that the wall 5g formed in the previous steé
disappears. As a result, as shown in Figs. 19 and 20, six
walls 5a, 5g, 5f’', Sfl', 5£2', and 5b, which are arranged at

obtuse angles in plan and standing up at a right angle to the



16 etching process. The indentation 50 is approximtely 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 adhesive.
An opening area of the indentation 50 is preferably w thin a range between
0.001 m®2 and 0.01 mR. Wen it is snedder than 0.001 m®, the

I ndentation 50 can unsatisfactorily receive the excessive adhesive. Wen
it is larger than 0.01 nmR, an unsatisfactory adhesion area is secured,

weakeni ng t hsurBd@sben thke i \HoN a8 Dighdadeydfal Oshbetrazel € aledt o rdmed

When an eutectic jointing method, not using adhesive, is used, there is no
need of usi ngrdurase thedenbpii®ndpehings 2. NMThKT ShosbthIge.flows in HHea.
8 illustrates a path hole formng a pressure

vicinity of the nozzle opening 2, and ink bubbles 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 chamber to a path hole 91 for a reservoir, may be
formed such that walls 90c and 90d are formed which are
obliquely extended from the longitudinal walls Qda 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. 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
from 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, without any stay of ink
bubbles.

The above-mentioned spacer has such a structure that

_ +he path Woles T Yor

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. 1In this structure, the substrate



generating chanber 48 and a path hole form ng an ink supply path, and
angles of the walls of these path holes. The path hole 5 formng the
pressure generating chanber 48 includes seven walls 5a to 59g. The walls
5b, 5f, 5g, and 5a around the nozzle opening 2 are jointed at angl es
[err]3, 04, and [err]5. The angles [eRP]3, 04, and 05 are obtuse angles
of approximately 152[err], 100[err], and 110[err], respectively. The walls
5c¢c, 5d, and 5e of the path hole 5, |ocated adjoining to the path hole 7 to

serve as (e ddUmSHE Ya Paldbatdbhs2heaRdRReS Path h81852€52! tive GhH & Herd
junction area where the 1 nk supply path opens'to the pressure generating

chamber . enerating chambers. Accordingly, 1€he upper shiR W8kl tive of

the path héfe 7 for %he ink supply path is formed so as to be continuous

to the val Isdisstofatdieipaklisily 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
membexrs 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 spacer is bonded to other relatea 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 generating 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



hole 5 for the pressure generating chanber. The wall 7b of the path hole 7
I s spaced apart fromthe wall 7b and arranged in parallel wth the

| atter. The distance between themis selected to such an extent as
to gain a flow path resistance suitable for the ink supply path. The wall
7a of the path hole 7; which straightfoesardly extends fromthe pressure
generating  chanbers to the ink supply path, is connected to the wall 6a of
the path hole 6 for the reservoir by way of an enlarged junction part

defined by tggffgg,-[&ml $o8b A @gglegrt he {9‘?{‘52'2@' §mb. 1N bbedteouwys, 1an

angle [err]11s err], and an a ferr approximately 7

To assenbl e, oﬂﬂﬂgééﬁ #érnwlaic%stsothaepﬁﬁﬁpﬁélé  hats a Slocattivredlod’d to
sandwi ched by t nozzle plate 1 and the vibrator plate 10 after these are

accurately ppgbtpofRthépPeOone another, and the assenbly of those conponents

I's pressed together- Adhesive not used for bonding themflows into the -

i ndent ati ons 50 | ocatiesl lrieiged 96hEopmed sictess5thé patch hokedsestliandey aar

the pressure generating chanmbers, the ink supply paths, and the

reservoirs. andbesa®9esll26° asdcAlla= 55° to the walls of the path hole 5,
which define the pressure 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¢c lies 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 pressure 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°. Therefére, the bridge 95 causes no
vortex 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



di sadvant ageous situation that adhesive flows into the pressure generating
chanbers, the ink supply paths, and the reservoirs, thereby changing the

vol unes of them wll never occur. In the resultant structure produced
after conpletion of the bonding process, each nozzle opening 2 of the
nozzle plate 1 is |ocated néd at the end of a center |line of

the path hole 5 to serve as the pressure generating chanber, and each
island 11 of the spacer 4 is extended over the substantially entire length

of the pregsitdesIesr at ifRd etdial rprotec\ﬁbfﬂ? Q:teti"nezwl QEEEhEn the
vibrating element 30 is driven in this state hé di spl acenent ?

el ement is bbaidmepsedof Otk briiges 9B £6SE6LMEENER a4 Ingca@rw‘qefrad%w

the island 11. Therefore, the displacement of the piezoelectric vibrating

el ement 30 aamzle bipghling of the path hole 5) on the etching pattern 80
defining the whole pressure generating chamber. In the portion
to serve as a slanting side thereof facing the vibrator plate
10, patterns 99 and 100, which are relatively narrow when
compared with the etching protecting pattern 96, are formed in

- the locations near to the center line of the etching pattern

96. These narrow patterns 99.and 100 are not aligned'with each
other.

An etching protecting pattern 97a, shaped like a blade,
is extended on one of the boundaries of the etching protecting
pattexrn 96 in parallel with the wall 5a of the path hole 5 for
the pressure generating chamber. 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 Sa 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 locafga corresponding to the narrow etching

protecting patterns 97a and 98a.



efficiently transforned into a variation of the volune of the pressure

gener ati ng chanber. In Figs. 9 (a) to (e) show a sequence of
steps for manufacturing the spacer 4 wherein a silicon single-crystal
substrate 60 of the crystallographic axis (110), 220 [err]mthick (enough
to satisfy the thickness required for tBe spacer), for exanple, is
prepared. . A silicon-dioxide film 61 which 1 [err]mthick, for

exanple, is formed on the surface of the silicon single-crystal substrate

60 by thermal oxidatera prficason Téenghéckppsealof d@iddrlte Vertically
sufficient for the film®6l functioning as a protecting film agai nst an
ani sotropi c erebhegd! iigui @A AH GwitiP(ehe . etching pAdBEHIIGR) pateetRle thus
protecting film62 is forned on the obverse and the reverse side of the
silicon singkermegstid esvhedr diye GRewidrisdwerspidc ce@rctiiog deethbdbdn 61 The
formed thereon by a-lithography nethod. The protecting film62 fornmed onr
t he substraetchanfupesgrnessessa Bharithes4 Iddry Eamendilagtied @lteapathgle of

approximately 35° to the obverse and the reverse side of the
silicon single-crystal substrate, as described above (Fig.
27(a)). In a stage where the etching, which starts from the
obvefse and the reverse side of the substrate, progresses into
the substrate, viz., the etching depth reaches abou£ 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
of 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 etching 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 substantiaiﬁy vertical to the obverse and the reverse

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



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 |iquid,
so that the portions of the silicon dioxide .film®6l corresponding to the
wi ndows for the path holes 5, 6, and 7, and the indentations 50 are etched
away (Fig. 9(c)). Patterns Bla and 61b3bf the silicon dioxide fornmed on
the obverse and the-reverse side of the substrate are sonewhat different
in size fromeach other so that the pattern 6la on the obverse side covers
the patterghelireyidne rewethe thege, pattddiss, | théareeehing reach®d | @weng
the step of formng the silicon dioxide patterns, the structure is etched
i n an agquebbandakit ich the pachsaguprombadine phtappnoxXémat elBhel/, %tha

density, kept at a fixed tenperature, for exanple, 80[err]C. In the

et chi ng etching progresses so that the surface slanted at the angle of
35° to th; surface of the silicon single-crystal substrate is
left, as in the previous case (Fig. 28(b)). The etching
reéches the narrow etching protecting patterns 99 and 100, and
further progresses. Then, the etching protecting pattern is
bifur&ated 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 97a, 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 wvertical which resembles in shape the etching
protecting patterns 99 and 100 is formed. 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°, intersect when viewed in cross section.



process, only the portions of the silicon dioxide film corresponding to
the wi ndows 63 and 64 are etched away at the rate of 2 [err]mimn., with
the patterns 6la and 61b of the silicon dioxide filmas protecting fil ns.
In this case, the etching progresses fromboth sides of the substrate at
an angle of approximately 35[err] to th#&surface of the substrate, viz.,
in the direction vertical to the crystall ographic axis (111). As
descri bed above, the patterns 6la and 61b forned on the obverse the and

reverse side of thergiLhgog, sy stdoet i s FRRHA @Rl idhed, Ok riagehat
the pattern 6la cov%r%s{:it‘%egt%%{&?&e?n 61b. ,&tsthe time c?f éorrpl eting theg

etching proggssyné bridge is etched to be flat. Howevdd, ©18éheltehangd

is formed which corresponds in size to the patterns 61b defining the

larger windewoCeiss i3( dkbppBdeRhéh the regions around the nozzle opening
and the i;k sﬁpply 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 péth hole 5 to be the pressure generating chamber 48. If
required, it may be formed across the path hole 7 to Qe the ink
supply path, as shown in Fig. 29%9. 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

t 4

and 7b of the path hole 7 are supported bf'the'bridge 102.
Because of this structure, the width size of the path hole 5
and the path hole 7 can be maintained throughout 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 pressure Qenerating chambers 48 and the
reservoirs. In this sense, the spacer 4 consists of a main
area 4a and a periphéfal area 4b (Fig. 30). The main area 4a

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



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 |arger w ndow since
at | east the edges of the patterns |located outside are the etching

surfaces. Let us consider a cas¥8 where patterns 70 and 71 of the
sane size are forned on the obverse and the reverse side of a substrate
72, as shown in Fig. 10. In this case, if these patterns are not aligned

wi th each ot I @g*%? ar o ' hn 1.1 hyd h ries
of the pattébﬁge%\qugdg%% ocgtgéd glt‘}%ésigg}agpggfhih?ﬁ%&%f%ogggqgca)(r;%e
within the ns sidel cw§g¥h() opv t 4.de
of the sub tﬁgﬁgi n%ﬁgggigggo¥h%he path%ﬁgﬁg 72 ?%?ﬁeﬁﬁ%y ?ﬁ?é§z§%ﬁ$n§Jp

process is QddRiiatidn amthathef patRahibikel & def itpeddvh t &8 tRakEE NS
and 71. As a result,-it is inpossible to control the size of the path ™

hol es and t kgapes,t ithesmafjorheuet&besgos flf@Slarge spacédf t@F tH¥® yHdy i e

65 is forned, the silicon dioxide filns 6la and 61b used as a nask are

renoved by udendolgdr sjdas, which define the large space, are supported in
é cantilever fashion. Therefore, a boundary region between the
main area 4a and the peripheral area 4b is mechanically
fragiie.

To éope with this, the present embodiﬁént 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 the 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 -



fluoride. Thereafter, the structure is thermally oxidized to forma
silicon dioxide film®66 of a thickness of 1 [err]m for
exanple, (this figure indicates a filmthickness satisfactory for the
protecting filnm) over the entire exposed surface thereof. This

silicon dioxide film66 is used as a prdgecting filmagainst ink (Fig.
9(e)). ) During the course of the anisotropic etching process of
the silicon single-crystal substrate vertically oriented in (110) till an

i nt ended pagtgﬁfbésr%§% td 6 &1 iF o X A E35ESh A g@ o @EGL FeREe rate

approximately 35[err o the face vertically oriented in (110), viz.,

along the foge Mok LN Yof AHELPBLiitidnl WalBs shown in Fig. 11. In order
to actively wuse this nature, as shown in Fig. 12(a), an approxi mately 1/2

As seen from Fig. 31, the defective-dischargg
occurrence rate abruptly increases when the width W of the
partition wall 105 exceeds 80 pum. For the spacer of 180 to 200
um, if the width W of the partition wall 105 is selected to be
approximately 20 pum, a satisfactory mechanical strength of the
boundéry region of the spacer can be secured and the defective-
discharge problem can 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 in this
instance) at the central part of the ink supply path 104. This
modified reinforcing means prevents poor bonding that is
possibly caused by a bending of the vibrator plate 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 are 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 105b
includes 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 um, as seen from Fig. 31.



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 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 ¥5for the ink supply path. The wall

7b of the_path hole 7 is opposed to the wall 7a thereof, whichis in line
with the wall 5a of the path hole 5. Further, blade-like patterns 82 and
83 are for oS iLgies a,gq,h 6 t S LLy LR A
state that ese p ’%?ﬁg éiﬁ%%dpggtaggﬁg w?% thb WPPEe7gga%§ g%XR%E%%E

i nk supply p@éhtl?e vE.S?.H%SE-' Yah¥e 10 is pIBELPSbiPe AR SR KNS LI O

process that I1s carried out u5|ng t he etchlng patterns thus formed, in the
stage of fospdder theopatdrdiot e t he etching progresses on the edge 80b

of the etching pattern 80 at a given angle to the wall 5b of the path hole
because the etching Mpdd ethal0 tieealdparitieiedgewalls may be formed in
consideration of the defective-discharge problem, and others.

An ink jet printer head according to a second
embodiment of the present invention will be described with
reference to Figs. 32 and 33. As shown, in the ink jet printer
head, pressure generating chambers 48 are partitioned by unique
chamber partitioning means. The chamber partitioning means
consists of a narrow space 110 defined by a couple of very thin
partition walls 111 and 112.

A spacer used for the ink jet printer head is
illustrated in Figs. 34a and 34b. As shown, the narrow spaces
110 partitioning the pressure generating chambers 48 take  the
form of slits 114. Each slit 114 is extended from the ink
supply path 7 to a location beyond the nozzle opening 2. 1In
the embodiment, the partition'walls 111 and 112 of the chamber
partitioning means are 151u::m;£e partition walls 111 and 112
have such a thickness as to allow these walls to be resiliently
deformable when the walls receive a pressure caused when a
pressure is applied to ink for ink discharge. A slanted bridge
95, triangular in cross section, traverses each pressure
generating chamber 48 in a state that it connects the partition

walls 111 and 112 of the adjacent chamber partitioning means,

as shown. The bridge 95 is located at the central part of each



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 5g
facing the nozzl e opening, which are arrayed at obtuse angles, are forned.
At the junction part between the ink supply path and the pressure
generating chanber and another junctiod®part between the ink supply path
and the reservoir, the etching is stopped when these junction parts are
expanded to such an extent as to prevent ink fromstaying the inlet and

outlet of t?feh%réu 8h¥r9€iﬂ%3§hé}n5@f wvmﬁ:_tm Viwdd 'K rf |t(P1‘é‘ 1ow;ahuahﬂ.h§1 a
fluid resistance proper for the ink supply path is secured

t he stage ofjjebebipd blhetRat Bhhgber7 for the ink supply path, t he
bl ade-1i ke patterns 81, 82, and 83, the ends of which are extended from

the walls, are fi rsrhetshmlgéFss is 1P4ated SRCEREi BOKY, oENthBespabak 4,

et chi ng stage viz.; an
closer to the nozzle plate 1, and spaced from the vibrator
plate 10:; fixed distance. Provision of the bridge 95 is not
obstructive in the flow of ink within the pressure generating
chamber 48. The thickness of the bridge 95 is-selected to such
an e#tent as to prevent the partition walls 111 and 112 from
falling toward the narrow space 110 or the pressure generating
chamber 48. 1In this embodiment, the height from the base of
the triangle (of the cross section of.the bridge 95) to the
vertex is approximately 70 um.

In the ink jet printer head .thus constructed, the
piezoelectric vibrating elements 30, which wvibrate in a
longitudinal vibration mode, are fastened at the first ends of
the pressure generating chambers 48 and attached at the second
ends thereof to the islands 11 of the vibrator plate 10. Drive
signals based on print data are applied to the printlhead. In
response to the drive signals, the piezoelectric wvibrating
elements 30 longitudinally expand to compress the pressure
generating chambers 48 to cause pressure in the chambers.

The pressure generated expands the pressure generating
chamber 48, thereby bending the partition walls 111 and 112

toward the narrow spaces 110 and the vibrator plate 10 outward,

and causing ink to shoot forth through the nozzle opening 2.



etching stage where a through-hole is fornmed through the etching from both
sides and intended patterns are forned, walls 5d and 5e, slanted at the
angle [err]1 - 30[err] to the walls 5¢c and 7b, are fornmed in the region or
the junction part of the path hole 7 where it opens to the pressure
generating chanber. Further, walls 6b aAd 6c, slanted at the angle [err]?2
70[err] taoa the walls 6a and 7a, are forned in the junction part of the
path hole 7 where it opens to the reservoir as shown in Fig. 8, As a

result, the inlet apd the- il epakbst NEyd Nigessuppby d?'?énhﬁ?f %s&m%tﬂ%g@

dianeter. Wth this expanded openings, ink smothly flo into _
23 Pr esspe8nd¢ N aidhN GhLaindi/in 'Elli@”bkagsﬁQ&era\é}iénaﬁ/!r{dﬂotﬂﬁgmﬁéﬁera!Bl,ng
bubbl es of i nk. ig. 13 is an enlarged, plan view showi ng etching.

absorb the deformation of the partition walls 111 and llg
defining the narrow spaces 110, thereby blocking the transfer
of the displacement of the partition walls 111 and 112 to the
aajacent pressure generating chambers 48. Provision of the
narrow spaces 110 effectively prevents the cross talk.

In Figs. 36a and 36b, there is shown another spacer
adaptable for the second embodiment of the ink jet printer
head. As shown, in this spacer, a second slit 115 is formed
which extends in the direction of the array of the nozzle
openings 2. The second slit 115 is continuous to the slits 114
as the narrow spaces 110 and opened at the opening 115a to the
air.

With this structure, the narrow spaces 110 are not
closed by the nozzle plate 1 and the vibrator plate 10.
Accordingly, the partition walls 111 and 112 are undeformable
under ambient temperature variation.

In this instance of the embodiment, the narrow spaces
110 defined by the partition walls 111 and 112 are connected to
the second slit 115 located at one end of the spacer 4. If
required, these narrow spaces 110 or the slits 114 may directly
be opened to the air at both ends of the spacer individually;

Figs. 37a and 37b are plan views showing etching
patterns for manufacéﬁring the spacer 4 structured as mentioned

above by etching a silicon single-crystal substrate of the



patterns of the reservoirs in the structure of the path holes 6 for the
reservoirs, in which ink is supplied fromone reservoir to tw 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 pat3&rns 82, 83, 82', and 83", which
are extended fromthe path holes 7 and 7' to serve as ink supply paths to
the pressure generating chanbers, little |ap. Figs. 1l4a and 14b are
di agrams shemnysga Biwgheph patdeian (i) the amisauisoyrapist dtiaiging methed .
pattern, a junction part of the path hole 7 to serve as an ink supply path
and the pathighoB®a shotws seretching patteyni on ithe fddeedf dhe asinargaw
continuous pattern 85. A single blade-like pattern 86 is extended in the
axi al direcsinglefcrystphtsubsiizate oo vhigh &he bnibdgakdSsubplioqrad, and

In this pattern, the junction part of the ink supply path 7 and the path
hol e 6 for Ei@. rEdershsiws iaf Brebkad BFLEREN @Rr ey TR i MRKACT (R tdrdch 85.

Therefore, an unnecessary )
a space is provided above the bridge 95 so as to secure the

free flow of ink in the pressure generating chamber 48. 1In
Figs. 37a and 37b, the hatched areas indicate etching
protécting films.

In Fig. 37a, reference numerals 120a and 1205 indicate
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. 37b, 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. 37a). 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.



progression of the etching can be stopped by only one blade- |ike pattern
86. In a case where ink is supplied fromone reservoir to two
series of the pressure generating chanbers as in Fig. 13, the object can

be achi eved by form ng narrow continuous
24  patterns 85 and 85" nedr to the end® of the path holes 7 and 7' for

the ink supply paths-and form ng bl ade-1i ke patterns 86 and 86
extending fromthe narrow continuous patterns in alignnent with the

path holes 7 and 7'wifdowdloMI3hnafiag- 145 foRer@{Or fathl inse r
di spl aced fromthe ﬁ%zzle positigns of the nozzle ggr?eg? the gl%ﬁ%-FPEe
patterns B6régehr#birsoyrbefoknbd elbseR add!we YhkheupbphdPRidthd NE the

In the above-nentioned enbodi ment, the etching process "iS stopped when the

wal | 5f conmsessur®ngenératiny tdteamsdts 59. The windows 123a and 123b are
connected to the windows 120b and 120d for forming the pressur;
generating chambers 48 by narrow windows 124a and 124b,
réspectively. These narrow windows 124a and 124b are for
etching the path holes 7 for the ink supply paths. Etching
protecting patterns 125 are used for checking the progress of
an excessive 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. 37a) are larger than
the windows 120c and 120d on the other side (Fig. 37b) or vice
versa. The same thing is correspondingly applied 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 process will be described.

A silicon single-crystal substrate 130 of the
crystallographic axiéﬂ(llﬂ), 220 pm thick (enough to satisfy

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



However, if the etching process is further continued, two walls 5f1 and
5f2 are additionally fornmed on the wall 5f, and the wall 5f is incurved in
shape, as shown in Fig. 16. As a result, an additional wall 5h is
grown, which is slanted at an angle 08 = 152[err] to the wall 5b defining
the pressure generating chanber 48, as hown in Fig. 17. An angle [err]7
Is approximately ~ 125[err]. An angle [err]6 of the wall 5f1 (wall 5f2) to
the surface of the spacer 4 is approximately 35. As the result of

the etchi ngppepaged. a Aotsillidforsedpoxid@l Ifs lar e18or rd Br @undek Pex N0z .e
opening 2. These walls are five walls 5a, 5g, 5f, 5h, and 5b arranged at

obtuse angl examplepl be fohmed dilithe ptdtreasut fhite avfltthd @il sliaga f

the silicon single-crystal substrate, and two walls 5f1 and 5f2

connecti ng toyshelwahbstkaae 186 bhpgtbefmal] 6xddavienegrbreslse @hes3 um

sectional direction-of the silicon single-crystal substrate. Wth this -

structure, &hagke efpothey filw of3i nikis ssufficient for the film 131
functioning as a protecting film against an anisotropic etching
liquid (Fig. 38(a)).

Photo-setting photosensitive layers are formed on the
silicén dioxide £ilm 131 on the obverse and the reverse side of
the silicon single-crystal substrate 130. After thé patterns
'(Fig. 37a) are positioned on one side of the substrate and the
patterns (Fig. 37c) are positioned on the other side thereof,
then the structure is exposed to light. Thereafter, the
structure is immersed into photolithography liquid. 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. 38(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, the silicon dioxide pattern 13la
formed on one side of the substrate covers the silicon dioxide
pattern 131b on the other side thereof (Fig. 38(c)).

The structure is etched in an aqueous solution of
potassium hydroxide of approximately 17 % in density, kept at

a fixed temperature, for example, B80°C. In the etching

process, only the portions of the silicon dioxide film



25 secured in the vicinity of the nozzle opening 2. Accordingly, stay of
bubbl es never happens. As in the enbodi nent where the four walls
are formed around the nozzle opening 2, a path hole 92 for an ink supply
pat h, which connects a path hole 90 for a pressure generating chanber to a
path hole 91 for a reservoir, may be forded such that walls 90c and 90d
are formed- which are -obliquely extended fromthe |ongitudinal walls 90a
and 90b defining the pressure generating chanber, and the path hole 92 is

located substpespehding nealthenweRtowst 138 henderifradd Be chled! BRapr EStHE
generating chanber (Fig. 18). Wth this structure, ink is supplied from

the reservaraté oofhe2 ppmsmisie, geiehatthey phetdens NBlwayared aB1buldfettlod

the ink supply path, which is defined by the walls 90c and 90d outwardly

expanded freabiiden| diesidesfibmaast prohectiéngeifidfst.he Iandhdfs tdesehatriber

toward the pressure generating chanber, and walls 90e and 90f secondariiy
etching progresses from both sides of the substrate at an angle
of approximately 35° to the surface of the substrate, viz., in
the direction vertical to the crystallographic axis (111).

The patterns 13la and 131b formed on the obverse and
the réverse side of the silicon single-crystal substrate 130
are sized such that one pattern covers the other patéer, 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 of 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.
38(d)).

For this reason, even if the alignment of the patterns
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 etching process is carried out using
a pattern with only one window 136 (Fig. 38(e)), the etching.

progresses along a specific crystal axis. As a result, the

etching progresses ﬁ%ile'being defined by the window 136,



formed along the crystal axis during the etching process. Ink flows from
the reservoir to the pressure generating chanber nobre snoothly, w thout
any stay of ink bubbles. After the wall 5h is forned, the etching
process is further continued. Then, the etching of the wall 5f
sel ectively progresses. The end of the #&l| 5f closer to the wall 5b
grows, so that the wall 5g fornmed in the previous step disappears. As a
result, as shown in Figs. 19 and 20, six walls 5a, 5g, 5f', 5f1', 5f2',

and 5b, whi ghezeByatbaf@asl atonelvity 2BOI €sapszplaslait ctcrylistttibrlor
right angle to the ' 26 surface of the

silicon singhe- ¢ijdbel-fopheliraide af ether seducangendribe 387%l)9.opening 2.

Ink smoothly flows in the vicinity of the nozzle opening 2, and ink

bubbl es never stay When slits are thus formed by anisotropic etching
process ;sing the window 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
is shaped trapezoidal in cross section as shown in Fig. 39a.
As séen from the figure, the opening area of the s}it that
faces the vibrator plate 10 is small. Thereforé, 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 cover 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. 1If the length of the pressure generating
chamber is so selected, the compliance optimal for the ink
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. 40a and 40b,

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



t here. 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 to a
path hole 91 for a reservoir, may be fornmed such that walls 90c and 90d
are formed which are obliquely extended fromthe |ongitudinal walls 90a
and 90b defining the pressure generati B chanber, and the path hole 92 s
| ocated substantially in alignnent wwth the center line of the pressure

generating chanmber (Fig. 21). Wth this structure, ink is supplied
fromthe res r eSS Ukife (NS Ad Nbh RGeS i Vs V6 e B¢ DIkt
of the ink S%%ygg a‘L'Q ?gf’“ ich is defined by the walls 90c and 90d

out var di Y exg fﬁ&f@-cé ¥9Fa 1 e HoAtieoNs Theak i st heeC Ebrmedobyt decking ofhé he
chanber t he pressure generating chanber, and walls 90e and 90f

secondarlly éPIﬂ@@hE%£H§uélEtygﬁameﬁuhmﬂnat@uiwn@ bbehesttdengtherectsssing
Ink flows from the reservoir to the pressure generating chanber -
mor e snoot hl yhe Wri hQokrsany 1at ayiief cank, bheblopening areas Tfe the top and
above-nmenti oned spacer has such a structure that

the bottom end of each slit are equal to each other, as shown

in Fig. 39b.

When this slit forming method by processing the
subsérate from both sides 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 generating chamber as
shown in Fig. 41. 1In 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 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



the path holes 5 for the pressure generating chanbers the path holes 7 for
the ink supply paths and the path holes 6 for the reservoirs are
formed in the thin silicon single-crystal substrate of
approximately 220 pmthick. In this structure, the substrate

27 I's segnmented at |ocations near thet$gath holes for the pressure
generating chanbers. Accordingly, the upper side of the substrate is
easily slid against the | ower side thereof and vice versa. Wth this

structure, giendrlae $RALE’ &F itm%erbeasshebmeganébstm Zl endthd s 1 @ik he
vibrator plate 10, and those nenbers are bonded together, those path hol es

5 and 7 ar eloﬁdi&ﬂitﬁj.ﬂiémﬂaii@w&iq-. In other words, the walls defining the
pressure generating chanbers are extended in a cantilever fashion. Wen

the spacer is bondethd osphbet meldd edfnesPbicon in which the pressure
| generating chambers, the spacer, and the reservoirs are formed
by the path holes has been described. Another type of the

spacer will be described.
Fig. 42 is an enlarged, perspective view showing a key
portisn of an ink jet printer head according to a third
embodiment of the present invention. 1In Fig. 42; a nozzle

plate with nozzle openings 2l0a a spacer 200, and a vibrator

/
plate 211 are stacked to form ink flow paths. The spacer 200
is made of a silicon single-crystal having the crystal face
vertically oriented in (110). Spaces

which substantially determine the volumes of the ink flow paths
of pressure generating chambers 201, ink supply péths 202, and
resexrvoir 203, are formed 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 tempered
by a protecting film (not shown) in which impurity atoms are
added to silicon by thermally diffusing oxygen atoms, thereby
improving the resistance properties of the ink path against ink
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.



the walls are easily bent. |If the walls are bent, the path holes 7 for
the ink supply paths are deforned. Fig. 22a is a plan view show ng
the structure of a spacer which withstands the deformation of the path
hol es for the pressure generating chanber 48 and the path holes 7 for the
i nk supply paths. This undeformable strdkture is applied for the
above- nenti oned spacer structure of the type in which seven walls are
formed around the nozzle opening 2. Fig. 22b is a plan view show ng
relative positions Ghethakpsapplyepgenerali g t¢hamoR]a4S,(sH¥pw2a & v)
opening 2, and piezoelectric vibrating elenents 30 of the spacer.
Fig. 23 isiancadssr getthioay asidoditisg wdlameonis gsmallep ehaa pakk BF &he
form ng the pressure generating chanber and its related portions. As
shown, a papkesikuikre geherating achamssr2) lgarertaured aemteargulB rly patFidwol e
6 formng a reservoir, and a path hole 7 forming an ink supply path are
formed in T8Si§tRPEBnofsithgl énkr popsly pasdt r2l2 iwelarger| yheni ¢haed oMm
(110), the thickness of which is
the pressure generating chamber 201, thereby improving the
efficiency of forcibly discharging ink droplets. At the time
of ink expelling, the guantity of ink flowing into the nozzle
210 is increased, 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 order
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,be described.

Figs. 43(a) to 43(d) show a set of diagrams showing a
sequence of steps for manufacturing the ink jet printer head
according to the present invention.

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



28 sufficient for the spacer,, e.g., 220 [err]m A bridge 95 is
obliquely fornmed across the path hole 5 at a location closer to the path

hole 7. The bridge 95 forned across the path hole is slanted at
angles [err]9 = 126[err] and [err]10 = 55 to the walls of the path hole 5,
whi ch define the pressure generating dfanber. The cross sectional

structure of the bridge 95 is showmn 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 nopzbe RleMpRrathre ajid Nor Sukfase i%ee Medbe Qh'bﬂ%ﬁ&%%ﬂagre&“

So as to increase the cross section of the pressure generating C

toward the agQégb@sopapoiry ZhezBHyadiZfusidlge d:8fddd |atsOUin 3Pher sL)l£hRe
the surface of the nozzle plate. not her slanting surface 95b I's

sl anted t owaedibhe dinkthsuppbgtpatk.7 arnarthiygl emBdadimaRp;, O4HESWIY the

35[err]) to the nozzle "
thermal oxidizing process, a film 230 made of silicon oxide,
1.7 um thick, was formed. The silicon dioxide film 230 is
used as a mask in the step of anisotropic etching process to be
given later. Any of other methods than the thermal oxide.
process, such as CVD (chemical vapor deposition) method, an ion
implantation method and anode oxide method, may b; used for
forming the film 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 thickness o ) :
200 o£,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
iiquid, such as an aqueous solution of fluorine oxide.

After the resin 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. 43(a).

A window 231 is a location for the pressure generating chamber -



pl at e. The angle of the bridge 95 at its vertex is an obtuse
angl e, approximately 110[err]. Therefore, the bridge 95 causes no vortex
of ink in the pressure generating chanber, and hence does not inpede the
flow of ink therein. The height h of the bridge 95 is selected to be such
a value as not to inpede the flow of ink7and 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 show ng
etchin att S r r u r c e
e ng_pattgsiy RUiABLG 395 {974 N bEoR £g8 Eﬁg??ﬁﬁ ebgggy Bﬁghe??ﬁ. g

protecting pﬂt&fﬂ@og62§§fi£“imhééﬁt1$ﬂﬁféﬁn€ﬁ@ Pésébeobf'ﬂgg 95 is formed
in a location (facing t

The s;llcon single-crystal substrate 200 is etched by
an;sotroéic etching process, using an etching liquid in which
the etching rate varies depending on the crystal face
orientation, such as an aqueoué solution of sodium hydroxide or
an aqueous solution of potassium hydroxide. The anisotropic
etchiﬁg process ends in a state shown in Fig. 43(c) through a
state shown in Fig. 43(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
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 formed 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 aqueous solution containing sodium hydroxide



nozzl e opening of the path hole 5) on the etching pattern 80 defining the
whol e pressure generating chanber. In the portion to serve as a slanting
side thereof facing the vibrator plate 10, patterns 99 and 100, which are
relatively narrow when conpared with the etching protecting pattern 96,
are formed in the locations near to thes4genter |line of the etching pattern
96. These narrow patterns 99 and 100 are not aligned with each other.

An etching protecting pattern 97a, shaped |ike a blade, is extended on one

of oLhe, Doundsg i 26 gk { g, ckEBLGLPEO! 6L 1 NnGPATAIM AR, | A ALIE! ik b

t he wal | he pressure generatlng

et ching protegdihimatier 43 , shaped like a blade, is extended fronlthe
wal |l 5c of the path hole 5 toward the path hole 5. The wall 5c faces the

wal | 7a of the path hphetitisn! kaeiwi234d hea ‘é?b'ncﬁ&thfupbﬂ e h@femél
a

for the pressure generating chanber (the wall s one of the wal
defining theyh Kalces] foort paduikivmiplay pakh)spadest ra0ht tpat ber Nthe

connected at the central part thereof to the patterns 99 and 100, is

hori zont al | ypreedssmEdenEm= tiefg chambers 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 removed by an isotropic etching liquid,
such as an aqueous solution of fluorine oxide. Tﬂe 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 in 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 oxide film 230. Impact bY ultrasonic
vibrations, in place of the isotropic etching liquid, may be
used for removing the partifion walls 234.

Then, a protecting film (not shown) is formed for
obtaining a desired resistance 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 forﬁing
the protecting film 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 provisigh of the partition walls 234 (234a and

234b) for partitioning the sSpaces 20l1a and 202a, there is



side of the straight pattern is designated by reference nuneral 97b, while
the right side thereof, by nuneral 98b. These narrow patterns 97b and
98b, which serve as etching protecting patterns, are |ocated correspondi ng
to the narrow etching protecting patterns 97a and 98a.

30 The silicon si'ngle-crystaé9 substrate vertically

oriented in (110) with the etching protecting patterns thus forned is
etched by the anisotropic et chi ng net hod. The etching progresses al ong
the (111) fang 3l Bebphe &f xRt gbyt D) SAAd 14 se
and the reverse si ﬁg eég?él con Cs}}lﬁ-%oa crysta ggtra Cbl31esc

above (Fig. u&?(peaaauéwgféna%ameg@cémaﬁpylaacuwl ¢h the' tasufsroqrfotﬂ%
obverse and the reverse side of the substrate, progresses into
etching process. As a result, the spaces 20la and 202a can be
shaped as desired.

It is noted that the ink supply paths 202 and the
pfessure generating chambers 201 are integrated into a single
part (silicon single-crystal substrate 200). With this
struc.ture, the precise shaping as one of the advantageous
features of silicon is well used to provide uniform discharging
characteristics of the ink paths and less variation of the
product characteristics of lots. Only the (111) faces where
the etching rate is 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 1is broad. Extremely stable products can be
manufactured.

Fig. 44 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 201 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 parallelogram of the spacé
20la to be the pressure generating chamber 201. With this, a
smooth flow of ink é;a a smooth discharge of ink bubbles are

ensured.



the substrate, viz., the etching depth reaches about the half of the
t hi ckness 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 the5énd of 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[err], and piieQdrgsses atpdispdctiNErdLas SsHARLRS @i, RRIAEIGH o0
and 100 on the vibrator plate side (Figs. 27(d) and 28(a)). In Fig. 28,

each arrowanndimlatfa Prinmdd Madddacdotding etd sUFhatBer SpBoOUimeal! Ybr
the left surface is inclined in the direction indicated by the arrow head.

For the regithes pmeseatd wWihvehtiomt chi rEpaured ec@l4y vpﬁkﬂermab&iantaaaiy
97b, and 98b, the etching progresses in the direction substantially ’
verti cal todtemgrmbvzer dheaned lnimesr @fertde nzzlefoparingsi aovae silagl docmesit al
substrate so as to shorten
like the spaces 202a of the ink supply paths 202. The nozzle
openings 204 are located on &« peripheral edge of the silicon
51ngle crystal substrate 200. The ink jet printer head of this
embodiment is aiz;lled edge ink jet printer head. ~Since a
plural number of the nozzle openings 204 are arrafed 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 manufactured so as to have a desired
- flow resistance. Those ink supply paths, together with the
pressure generating chambers 201, can be 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 therein

is realized although the silicon of the silicon single-crystal

substrate 200 is fraaile.



31 the regions. Wth these patterns, the etching reaches the 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 prewetus—ease—{Fig,
28(b)). The etching reaches the narrow etching protgctHisG-Ial t-eNsSEE9
and 100, and further progresses. Then8lthe etching prptectimpipatisern i
bi fur cat %qlainilg)t_o two patterns. Wth the bifurcationt He—etrehirag—=
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 (sFi 2 )4 : - : .harrow etching protecting
patterns IQQQR%n%(}ﬁ Oe,t r';‘Lc tef"o%%ﬁﬁ#%?% the bridge triangular in
cross section, are not aligned with each other. Accordingly, an edge

a spacer (4, 200) including pressure generating chambers

(48, 201) continuous to nozzle openings (2, 210a, 204),
ink supply paths (104, 202), and reservoirs (203);

a2 cover member (1, 210) for sealingly covering the
pressure generating chambers (48, 201); and

pressure generating means (30) for generating pressure in
the pressure generating chambers (48, 20l1) in accordance
with print data.

wherein the spacer (4, .200) includes a silicon single-
crystal substrate (60, 72, 130) having the surface
vertically oriented in (110) that is processed by
anisotropic etching process so that the pressure
.generating chambers (48, 20l1) each have walls of at
least two (1lll1) faces wvertical to the surface of the
silicon single-crystal substrate (200), and the ink
supply paths (202) each have walls of at least two (1l1l1)
faces slanted to the surface of the silicon single-
cf&stal substrate (200).

2 - The ink jet printer head according to claim 1, wherein the
two (111) faces of the ink supply path (202) form a V-
shaped groove.

3 . The ink jet printer head according to any of the claims .1l
to 2, wherein the nozzle openings (204) communicating with
the pressure generating chambers (201) each have walls of
two (111) faces clanted to the surface of the silicon
single-crystal substrate (200).

4. The ink jet printer head. éccording to claim 3 , wherein
the two (111) faces of the nozzle opening (204) form a V-

L LT T




part where the (111) faces intersect is forned, 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 resenbles in shape the etching protecting
patterns 99 and 100 is formed. This wall segnents the pressure generating
chanber into two sections. -After the etching protecting patterns 99
and 100, which are forned on the vibrator plate side, disappear, the
etching is further continued. Thens 52 bridge 95 is formed in which the
slanting surfaces 95a and 95b of the (111) faces, slanted at about

35[err], intersect when viewed in cross section.

32 If the etching process is further continued, the ridge of the

bridge i g, eichgené@ B2 mdrdifactuddWRV&n iAKe€j8ECR-I%ter head having
’ pressure generating chamber communicating at first ends

with ink supply paths and at the second ends with nozzle

openings for shooting forth ink droplets comprising the

steps of:

forming first spaces each having walls of two (lll) faces
slanted to the surface of a silicon single-crystal
substrate vertically oriented in .(110) and a second space
having walls of at least two (lll) faces vertical to the
surface of the silicon single-crystal substrate by
‘anisotropic etching précess using an etching liguid in
which an etching rate depends on the crystal orientation;
and

removing a partition wall of the (111l) face for
partitioning the first and the second spaces.

6. The method of manufacuring an ink jet printer head
according to claim 5 , further comprising the steps of:

forming a £first pattern substantially aligned with the
base-of a bridge means triangular in cross section which
is formed one of the major surfaces of the spacer; and

forming at least two narrow etching protecting patterns
and second etching protecting patterns for connecting the
narrow etching protecting patterns to etching protecting
patterns for forming one of the walls of the pressure
generating chambers and the ink supply paths, the etching
protecting patterns and the second etching protecting

patterns being formed on the other major surface of the

iy M



process is stopped when the regions around the nozzle opening and the ink
supply path are shaped as intended. Accordingly, the etching protecting
patterns 96, 99, and 100 are determned by the timng of the stop of the
et ching process. In the above instance, the bridge 95 is forned
across the path hole 5 to be the pressure generating ch,
required, it may be forned across the path hole 7 to be
path, as shown in Fig. 29. As shown, a bridge 102 tr
section is forned across the path hole 7. _A nethod sim
for formng the bridge 95 may be used for%cwn1ng t he brldge 102
Al'so in this instance of the enbodinent, the walls 7a and 7b of the path
hole 7 are supported by the bridge 102. Because of this structure, the

wi dth size of the path hole 5 and the path hole 7 can be nai ntained

t hroughout the assenbling stage. The spacer 4 made of the silicon

SngghgeC(r)]}/St BherSHRSYHA C5L8oNE" Y cj}u.rig ARRLQLITRE VY patlekAls’ | 4d hingle:
.aligned with each other so that the prolonged lines drawn
on the second etching protecting patterns are not
overlaid one on the other.

7 . The method of manufacturing an ink jet printer head
ac.coraing to claim 5 or 6 , wherein the first space.
substantially determines the volume of the ink supply
path, and the second space substantially determines the

volume of the pressure generating chamber

8 . The method of manufacturing an ink jet printer head
according to claim 5 or 6, wherein the first space.
;ubstanﬁially determines the wvolume of the nozzle
opening, and the second space substantially determines
the volume of the pressure generating chamber.

9 . The method of manufacturing an ink Jjet printer "head
according to any one of the claims 5 to 8, wherein ‘the
partitioning walls are removed by isotropic etching
process.

AR D
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this, the nechanical strength of the spacer, parti cul '
regi on of the spacer, is weak. The spacer 4 contains Wﬁﬁb&HS@aqgch% cH
pressure generating chanbers 48 and the reservoirs. {LIn tREsLsepse, th
spacer 4 consists of a main area 4a and a peripheral area #b—{Fi=g=—30).
The main area 4a includes a plural nunber of the path holes 5 for the

pressure -54- 33 generating chambers 48.
The peri pher ajygr gar4briNe! WEES AND PA WETHODINGE rMANUFASTPRING hTHESSBMEor
the reservoirs in association with the path holes 5. In each of these

| arge spaces, the major surfaces of thé | arge space, or the upper or the
| ower sides, mhich define t he Iarge SPRBETRACE supported in a cantilever

Lgfrggg;afhg[g; hoing JRE NSO HERRILL s Tt 247 ERE1LAEng

pressure generatlng 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. In
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 pressﬁre 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

eet Has Been Replaced
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To cope with this, the present enbodi nent uses reinforcing nmeans for
reinforcing this fragile region. The reinforcing neans is realized in
the formof a partition wall 105 forned between the main area 4a and the
peri pheral area 4b in the vicinity of the ink supply path 104, which
receives ink froman external ink 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 drawing. The partition wall 105 may be forned 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 traver ¢ t hegqi nk supply path 104. It is
obstructive in the flow of ink fron1?ﬁ22§hk tAnk to the reservoir.
Therefore, after an old ink cartridge is exchanged with a new one, the
probl em of a defective ink discharge may-ari se highly possibly. However,
this problem can be solved by properl ] the width Wof the
partition wall 105 as seen froma g




34 a curve representative of defective-discharge occurrence rate vs. the
width of the partition wall. As seen fromFig. 31, the

def ective-di scharge occurrence rate abruptly increases when the wi dth W of
the partition wall 105 exceeds 80 [err]m For the spacer of 180 to 200
[errlm if the wiwdth Wof the partition_ wall 105 is selected to be
approximately 20 [err]m a satisfactoryznechanical 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 select the
width Wof the partition wall 105 e wthin 20 to 80 [err]m

The reinforcing neans may be nndifft [?é géémn in Fig. 30(b). In the
nodi fication, another partition wal’l ™10 crosses the partition wall 105
(denoted as 105a in this instance) at the central part of the ink supply

path 104. This 5 6 5 5 6 5 5
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nodi fied reinforcing nmeans prevents poor bonding that is possibly caused
by a bending of the vibrator plate 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 assenbl ed and bonded together, and are fastened to the print
head body 42. Accordingly, no ink is |leaked into the piezoelectric
vibrating nenbers 32, and a normal opetation of the piezoelectric

vi brating nenbers 32 is ensured. The partition wall 105b includes
the surfaces in parallel with the walls 5a and 5b of the path hole 5. The

width W of the partition wall 1 S el eqted to preferably be 20 to 80
[err]m as seen fromFig. 31. ?57(5: 2; %g 35 The

length LI of the partition wall- 105b where it is conggcted to the vibrator
plate 10 is preferably the thickness of the 30 \\
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spacer 4 or |arger. More than three partition-walls may be forned
in consideration of the defective-discharge problem and others.

An ink jet printer head according to a second enbodinment of the present
invention will be described with reference to Figs. 32 and 33. As shown,
inthe ink jet printer head, pressure generating chanbers 48 are
partitioned by unique chanber partitidhing nmeans. The chanber
partitioning means consists of a narrow space 110 defined by a couple of
very thin partition walls 111 and 112. A spacer used for the ink
jet printer head is illustrated i 1SS . a and 34b. As shown, the narrow
spaces 110 partitioning the press?;?é;anE;ting chanbers 48 take the form
of slits 114. Each slit 114 is extended ffomthe ink supply path 7 to a

| ocation beyond the nozzle opening 2. In the enbodinent, the partition

wal I's 111 and 112 of the chanber partitBbning medns are 15 [err]mthick-
The partition walls 111 and 112 have su¢h a thigkness as to allow these

walls to be resiliently erqr bhq\ eV‘the wal [[s régernye} a pressure
caused when a 1//}/ y
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pressure is applied to ink for ink discharge. A slanted bridge 95,
triangular in cross section, traverses each pressure generating chanber 48
in a state that it connects the partition walls 111 and 112 of the
adj acent chanber partitioning neans, as shown. The bridge 95 is |located at

the central part of each ) 36 pressure
generating chanber 48 when viewed in t he | ongi tudinal direction of the
chanber . The bridge 95 is |located on the side of the spacer 4,

closer to the nozzle plate 1, and spaced fromthe vibrator plate |0 at a
fixed distance. Provision of the bridge 95 is not obstructive in the flow
of ink within the pressure generating chanber 48. The thickness of the
bridge 95 is selected to such an extent as to prevent the partition walls

111 and 112 from
| FIG. 7a
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falling toward the narrow space 110 or the pressure generating chanber 48.
In this enbodi nent, the height fromthe base of the triangle (of the cross
section of the bridge 95) to the vertex is approximately 70 [err]m

In the ink jet printer head thus constructed, the piezoelectric vibrating
el ements 30, which vibrate in a longitudinal vibration node, are fastened
at the first ends of the pressure geneﬁating chanbers 48 and attached at
the second ends thereof to the islands 11 of the vibrator plate 10. Drive
signals based on print data are applied to the print head. In response to
the drive signals, the piezoelectric vibrating elements 30 |ongitudinally
expand to conpress the pressure generating chanbers 48 to cause pressure
in the chanbers. The pressure generated expands the pressure
generating chanber 48, thereby bendinngC? pafxition walls 111 and 112
toward the narrow spaces 110 and the v 0 | ate 10 outward, and

causing ink to shoot forth through the nozzl e opening 2. 6a
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37 The narrow spaces 110 of the chanber partitioning neans,

whi ch partition the pressure generating chanbers 48, absorb the
deformation of the partition walls 111 and 112 defining the narrow spaces
110, thereby blocking the transfer of the displacenent of the partition
wal I's 111 and 112 to the adjacent pressu{e generating chanbers 48.

Provi sion of the narrow spaces 110 effectively prevents the cross tal k.
In Figs. 36a and 36b, there is shown another spacer adaptable for the
second enbodi nent of the ink jet printer head. As shown, in this spacer, a
second slit 115 is formed which extends in the direction of the array of
the nozzle openings 2. The second slit 115 is continuous to the slits 114
as the narrow spaces 110 and opened at the opening 115a to the air.

Wth this structure, the narrow spaces 110 are not 61
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cl osed by the nozzle plate 1 and the vibrator plate 10. Accordingly, the
partition walls 111 and 112 are undeformabl e under anbient tenperature
variation. In this instance of the enbodinent, the narrow spaces
110 defined by the partition walls 111 and 112 are connected to the second
slit 115 |l ocated at one end of the spacer 4. |If required, these narrow
spaces 110 or the slits 114 may directl\8, be opened to the air at both ends
of the spacer individually. Figs. 37a and 37b are plan views
showi ng etching patterns for manufact yLj t pacer 4 structured as
menti oned above by etching a silicondgiggﬁe-ggggtéy substrate of the

38 crystall ographic axis (110) by a sSot i'c etching method. Fig.

37a shows an etching patterfaon the Side of the sVéicod si ngl&i—cryﬁstal
substrate on whi ch the bridge 95 is/forned, ahd /
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Fig. 37b shows an etching pattern on the side thereof on which a space is
provi ded above the bridge 95 so as to secure the free flowof ink in the
pressure generating chanber 48. In Figs. 37a and 37b, the hatched
areas indicate etching protecting filns. In Fig. 37a, reference
nuneral s 120a and 120b indicate w ndows for defining etching areas to
secure spaces for the pressure generatPAdgichanbers 48 on one side of the
silicon single-crystal substrate. In Fig. 37b, reference nunerals 120c

and 120d al so indicate wi ndows for defgi e ing areas to secure spaces
for the pressure generating chanbers fgyéa?thzzrot er side of the

silicon single-crystal substrate. A protecting film 121a for
protecting an area correspondi ng to2the brid@e 95 agai/nst t 85 etcﬁing i's
formed between the wi ndows 120a and 120b. A small progecting film121b for
resisting the etchi 0 ac ' [ | ' ttérn
on the other side ¢f ' si ngl e-cryst rrow

wi ndows 122a and 12

)
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pattern on the nozzle opening side of the silicon single- crystal
substrate (Fig. 37a). The narrow wi ndows 122a and 122b ranges between the
wi ndows 120a and 120b for formng the slits 114 each defined by the

partition walls 111 and 112. 39
W ndows 123a and 123b for the path holes 6 of the reservoirs are forned
closer to the ink supply paths to the {Pessure generating chanbers. The

wi ndows 123a and 123b are connected to the wi ndows 120b and 120d for
form ng the pressure generating chanbers 48 by narrow wi ndows 124a and
124b, respectively. These narrow wi ndows 124a and 124b are for etching
the path holes 7 for the ink supply paths. Etching protecting patterns
125 are used for checking the progress of an excessive etching into
relatively narrow spaces, which is caused by the edging effect in the

ani sotropi c etching process.
FIG. 16




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. 37a) are larger than the wi ndows 120c and 120d on the ot her side
(Fig. 37b) or vice versa. The sanme thing is correspondingly applied to
the w ndows 124a and 124b. ° Nbgf specifically, the wi ndows 120a,
120b, and 124a on one side of the substrate 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 w ndows can cover the latter ones when those

W ndows are erroneo posiftioned in the stage of printing the etching

patterns. An ani S opi c etching process will be described.
A silicon single-crystal e 130-q§|the orystall ographic axis (110),
220 [err]mthick (enough/to satfi sf 9/ﬂhke S required for the
spacer), for exanple, i® o ~y ©

(Ya)

FIG. 17
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40 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 thernal 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 Iliquid (Fig. 38(a)). Phot o- setting
phot osensitive layers are fornmed on th silicon dioxide film 131 on the
obverse and the reverse side of the silicon single-crystal substrate 130.
After the patterns (Fi 37a) are,positioned on one side of the substrate
and the patterns (Fig. ositioned on the other side thereof,
then the structure i s expose Thereafter, the structure 1is
imrersed into photolithograp E;Th? exposed areas, i.e., the
areas in which path holes are the sybstrate are dissol ved
to formthe windows 133 and<t34 since tho ardgonot hardened (Fig.
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In this state, the structure is etched using hydrogen fluoride |iquid.

The silicon dioxide films 131 within the w ndows 133 and 134 are renoved.
As descri bed above, the silicon dioxide pattern 131la forned on one side of
the substrate covers the silicon dioxide pattern 131b on the other side

t hereof (Fig. 38(c)). The structure is etched in an aqueous
sol ution of potassium hydroxi de of apﬂaoxinately 17 %in density, kept at
a fixed tenperature, for exanple, 80[err]C. In the etching process,

only the portions of the silicon dioxide film

41 corresponding to the windows 133 and 134 are etched away at the rate
of 2 [err]mmn., with the patterns 131a and 131b of the silicon dioxide
filmas protecting films. In this case, the

FIG. 19
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et chi ng progresses fromboth sides of the substrate at an angle of-
approximately 35[err] to the surface of the substrate, viz., in the -
direction vertical to the crystallographic axis (111). The
patterns 131la and 131b formed on the obverse and the reverse side of the
silicon single-crystal substrate 130 e sized such that one pattern -
covers the other patter, viz., the bourttary of the etching protecting
pattern defining a position of the wall is positioned at a | ocation
outside the boundary of the etching protecting pattern that is | ocated
agai nst the fornmer etching protecting pattern in a mrror inmge fashion.
Accordingly, at the <conpletion of 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. 38(d)). For this reason, even if the
alignment of the patterns on the obverse and the reverse side of the
substrate is not exact, the etching is carried out while being defined by

the I|arger w ndow 134. When ani sotropic etching process is carried
out using -
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a pattern with only one w ndow 136 (Fig. 38(e)), the etching progresses
along a specific crystal axis. As a result, the etching progresses while

bei ng defined by the w ndow 136, 42
thereby to forma concavity 138 trapezoidal in cross section on the
w ndow-formed side of the structure (Fig. 38(f)). When slits are

thus fornmed by ani sotropic etching protess using the window 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 1is shaped trapezoidal in cross section as shown in Fig. 39a. As -
seen fromthe figure, the opening area of the slit that faces the vibrator

plate 10 is small. Therefore, a}t?zge :?j?aié area i s secured between
t he spacer and the vibrator .
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pl ate 10 which recei-ves force fromthe piezoelectric vibrating nenbers at

the time of ink expelling- Further, nmechanical strength of the partition
wal I s.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- nenti oned enbodi nent, the slit is_long enough to cover the ful

hei ght of the pressure generating cha r. However, the length of the
slit may be adjusted in accordance with a conpliance required for the
pressure generating chanmber. If the length of the pressure generating
chanmber is so selected, the conpliance optimal for the ink expelling can

be obt ai ned. In the above-nentioned enbodi nent, the slits 114 are
formed fromonly one side of the spacer or the substrate by etching
process. I f required, as shown in Figs. 40a and 40b, narrow wi ndows 122a

and 122b, and 122c and 122d for forming the

FIG. 23




43 slits are formed on
si ngl e-crystal

substrat e.

the patterns on both sides of the silicon
The slits are forned by etching the silicon

si ngl e-crystal
this case, the

substrate from both sides thereof using

the wi ndows. In

openi ng areas of the top and

the bottom end of each slit

are equal to each other, as shown in FHg. 39D.
form ng nethod by processing the substhfate from
ani sotropic etching process is applied for a cas
openings are arrayed at
conpl i ance as i ntended.
partition walls horizontally defining
uniformin thickness. However, the narrgéf ace
deviated to one pressure generating cha

case, of the partition walls 111 and

5\

relatively | arge pitches,
In the above nentioned enbodi nent ,

When this slit
both sides thereof by
e where the nozzle
it is easy to obtain the
t he
re generati ng chanber are
0O may be constructed
own in Fig. 41. In this
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112 hori-zontal ly defining the pressure generating chanber, the partition
wal | 111 takes the charge of the conpliance. In the
above-nmenti oned enbodi nents, the so-called face ink jet printer head in
whi ch the nozzle plate, the spacer, and the vibrator plate are stacked one
on anot her, has been -discussed. It is g ident that the present invention
is applied to the spacer of a called e ge ink jet printer head in which
the nozzle plate, the spacer, and the vibrator plate are stacked one on
anot her, and the nozzl e openings are forned in

44  the end faces of the pressure generating chanbers (when

| ongitudinally viewed). The spacer nade of silicon in which the
pressure generating chanbers, the spacer, and the reservoirs are forned
by the path hol es has been descri bed. Anot her type of the
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spacer w || .be descri bed. Fig. 42 is an enl arged, perspective view
showi ng a key portion of an ink jet printer head according to a third
enbodi ment of the present invention. In Fig. 42, a nozzle plate with
nozzl e openings 210a, a spacer 200, and a vibrator plate 211 are stacked
to formink flew paths. The spacer 200 is nmade of a silicon single-crystal
having the crystal face vertically orithted in (110). Spaces which
substantially determ ne the volunes of the ink flow paths of pressure
generating chanbers 201, ink supply paths 202, and reservoir 203, are
formed by called anisotropic etching process using an etching liquid in
whi ch an etching rate depends on the «crystal orientation. The surface of
each ink path is tenpered by a protecting film (not shown) in which
inmpurity atons are added to silicon by thermally diffusing oxygen atons,

t hereby inproving th? ’esiﬁq§n:e prippefti s of ythe i nk path against ink
and the affinity t+ teol mimh;iwk. “F¢ profecti hg filmis not eiigﬂ?ial to
t he present inventi ¢{ Ahe:lhpk usedlﬁs pr)P?ﬁl/
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sel ected or adjusted, there is no need of using the protecting film

45 The ink supply path 202 is triangular (shaped like V) in
cross section, and its volune is snmaller than that of the pressure
generating chanber 201 contoured rectangularly. Flow resistance of the ink
supply path 202 is larger than that of ,.the pressure generating chanber

201, thereby inproving the efficiencyzgf forcibly discharging ink
droplets. At the tine of ink expelling, the quantity of ink flowing into
the nozzle 210 is increased, while at the sanme time the quantity of ink
flowng into the reservoir 203 fron]the I nk supply pat h 202 I s decreased.
The space to be the our ed
paral | el ogram is encl osefl st al axes
<211>. The space
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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 |ocated
at the acutely angled corner of the parallelogramof the pressure
generating chanber 201, in order to secure a snooth flow of ink and a
snmoot h di scharge of ink bubbles. A met hod of manufacturing the ink
jet printer head thus structured wil12be descri bed. Figs. 43(a)
to 43(d) show a set of diagranms showing a sequence of steps for
manuf acturing the ink jet printer h according to the present invention.
A silicon single-crystal substrate/%%iir1 ifch the crystal face of the
surface of the substrate is vertically ‘orTented in (110), is heated at 900
to 1100 [err]C, and pl aceggn. 46
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hi gh tenmperature gas of oxidizing agent, such as oxygen or agueous vapor,
t hereby diffusing oxygen atons in the surface region of the substrate.
In this enbodi ment, through the thermal oxidizing process, a film 230

made of silicon oxide, 1.7 [err]mthick, was forned. The silicon
dioxide film230 is wused as a mask in the step of anisotropic etching
process to be given |later. Any of ot B8r methods than the thermal oxide

process, such as CVD (chem cal vapor deposition) nethod, an ion
i npl antati on nethod and anode oxi de nethod, nay be used for formng the

film 230. The silicon substrate filmmay be replaced by a silicon
nitride film a called p-type silicon fd=l,pr=add ith boron or gallium
atons, or a called n-type silicon filnfgﬁégd wEZé?;rsenic or antinony

at ons. ) The thickness of the silicon single-crystal substrate is
preferably 0.1 to 0.5 mm nore preferably 0.15 to 0.3 nm In the present

enbodi ment, the silicon single-cryg algsubst raje 200 of a thickness of
t QS applied to the silicon

0.18 mm was used. 6 Resip resis
si ngl e-crystal
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substrate, thereby formng a pattern thereon. The silicon oxide film 230
Is selectively etched away using acid etching Iliquid, such as an aqueous
sol ution of fluorine oxide. After the resin resist is renoved, a
mask pattern of the silicon oxide film230 that is patterned in the

previ ous process step appear's on the 3££strate as shown in Fig. 43(a). A
w ndow 231 is a location for the press gener ati ng chanber

47 201. A window 232 is a location for the ink supply path 202. A w ndow
233 is a location for the reservoir 203. The silicon single-crysta
substrate 200 is etched by anisotropic etching process, using an etching
liquid in which the etching rate varies depending on the crystal face
orientation, such as an aqueous sol ution of sodi um hydroxi de or
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an aqueous sol ution of potassium hydroxi de. The anisotropic etching
process ends in a state shown in Fig. 43(c) through a state shown in Fig.
43( 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 same appear in the wi ndow 231 after it undergoes the
ani sotropi c etching process. A slanted ﬁgll) face appears also in the
wi ndow. The ani sotropic 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
determ nes the volune of a pressure generating chanber 101, spaces 202a
each of which substantially determ nes the volunme of the ink supply path
202, and a space 203a which substantially determ nes the volune of the
reservoir 203 are formed while beiRg partitioned by verticaf (111) faces
In the present efthodrnent, for the anisotropidjétching, t he

234.
silicon single-crystal sy s_i mmepsed for abdm utes in
an aqueous sol ution cont g N S u r EEée 3<Q§§
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483 - eof 20 wt. % kept at 80 [err]C. The resultant structure was as shown
in Rg. 43(c). A partition wall 234a, dependi ng upon the verti cal
“(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 partitiQping the spaces 202a to be the ink
supply paths and the space 203a to bé-2the reservoir are renoved by an

i sotropic etching liquid, such as an 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
singl e-crystal substrate 200.- Accordingly, the
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t hi ckness of the partition walls 234 is set at 1.7 [err]m equal to that

of the silicon oxide film 230. | npact by ultrasonic vibrations, in place
of the isotropic etching liquid, may be wused for renoving the partition
wal | s 234. Then, a protecting film (not shown) is fornmed for

obtaining a desired resistance properthgs.of'the I nk path against-ink and
a desired affinity thereof with ink. The type of the protecting filmto be
formed and the neans for forming the protecting filmare the same as those

in the step for formng the mask pattern 230. It is suggestible to form
a silicon oxide filmby the thermal oxide process. Wth provision
of the partition walls 234 (234a and 234b) for partitioning the spaces
201a and 202a, there is ' 49 el i m nat ed
an excessive etching at the acutely angled corner of .
j§1 _
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t he par.all el ogramthat secondarily occurs in the anisotropic etching
process. As a result, the spaces 20la and 202a can be shaped as desired.

It is noted that the ink supply paths 202 and the pressure generating
chanmbers 201 are integrated into a single part (silicon single-crystal
substrate 200). Wth this struct , the precise shaping as one of

t he advant ageous features of silicon i well used to provide uniform

di scharging characteristics of the ink paths and |l ess variation of the
product characteristics 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 nay be varied in the

ani sotropic etching process iIs broad. Extrenmely stable products
can be nmanufactured. Figﬁgﬂgfis:iéper ective view show ng a key
portion of an ink jet printer hea Gr di tdgget anot her enbodi nent "of
the present invention. In this enbodimen'g]1 each pressure
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generating chanber 201 is provided wth-a plural nunber (two in this
enbodi nent) of ink _supply paths 202. Spaces 202a to be the ink supply
pat hs 202 are respectively located the acutely and obtusely angled corners
of the parallelogramof the space 20la to be the pressure generating
chanber 201. Wth this, a snmooth f|OM/Og 'nk and a snooth di scharge of ink
bubbl es are ensured. 2 50 Fig.
45 is a perspective view showing a key portion of an ink jet printer head
according to a further enbodiment of the present invention. Spaces
204a which substantially determ ne the volunes of the nozzle openings
are also fornmed |ike the spaces 202a of the ink supply paths 202. The
nozzl e openings 204 are located on [err] peripheral edge of the silicon
single-crystal substrate 200. The ink jet printer head of this
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enbodi ment is a so-called edge ink jet primter head. Since a plural
nunber of the nozzle openings 204 are arrayed on one side face of the
silicon single-crystal substrate 200, the peripheral edge 200a is finished
to be flat by cutting neans, such as a rotary grinder. As

descri bed above, the plural hunber of the ink supply paths 202 can stably
be manufactured so as to have a desired” fl ow resi stance. 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 chanbers 201 on both sides. Therefore,
easy handling of the silicon single-crystal substrate 200 after the ink
supply paths 202 and the pressure generating chanbers 201 are forned
therein is realized although the silicon of the silicon single-crystal
substrate 200 is fragile. )

FIG. 42
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- 51 -.* 2 8 JUL 2000 O ai ns: - 1. Anink jet printer head

conpri.si ng: a spacer (4, 200) including pressure generating chanbers
(48, 201) continuous to nozzle openings (2, 210a, 204), i nk supply
pat hs (104, 202), and reservoirs (203); a cover nenber (1, 210)
for sealingly covering the press 6e generating chanbers (48, 201);
and pressure generating neans (30§ for generating pressure in t he
pressure generating chanbers (48, 201) in accordance with print data.
wherein the spacer (4, .200) includes a silicon single- crystal
substrate (60, 72, 130) having the surface vertically oriented in
(110) that is processed by ani sotropic etching process so t hat

the pressure generati ng chanbers
| east two (111) faces vertical t
single-crystal substrate (200
walls of at |least tw (111)

silicon sigﬁgfi' cYstgl 4
according t / irfgjymﬁgrei

48, 01) e have wal | of at
ii?he_ he silicggo

N
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two (111) faces of the ink supply path (202) forma V- shaped groove.

3. The ink jet printer head according to claim 1 ,
wherein the nozzl e openings (204) comunicating with the pressure
generati ng chanbers (201) each have wal |l s of two (111) faces slanted to
the surface of the silicon single-g§%;tal substrate (200). 4. The ink
jet printer head according to claim3 , erein the two (111) faces of

t he nozzl e openin 204) forma V- shaped groove. _

- 52 - 5. A 7526;6 manuf acturing an ink jet printer head having
pressure generati ch r comuni cating at first ends with ink supply
paths and at the second ends vo2i202ak| e openi ngs for shooting forth ink
dropl ets conprising the st eps of forgi ng first spaces each having
wal I's of two (111) faces203(203n)ed ) ace of a silicon

si ngl e-crystal

01(201a)

FIG. 45




substrate vertically oriented in (110) and a second space Qﬁgviqudme;(ﬁg@f\
at” | east two (111) faces vertical to the surface of the silicon
single-crystal substrate by ani sotropi c etching process using an
etching liquid ines” which an etching rate depends on the crystal

of'i ent ati on; and renoving a partition wall of the (111) face

for partitioning the first and the second spaces. . od of
manuf acuring an ink jet printer head accordi ng toﬁgﬁéhQQQ¥ﬁT fher

conprising the steps of: forming a first pattern substantially aligned

with the base-of a bridge rJ | S [ | S
formd one %TEBWWEj Qﬂ@ﬁﬁﬁ@ib@ﬁ”ﬂmg&ﬂl%? Pfoepﬁgr%ggliaﬁgl east
two parrow etching protecting patterns and second etching protecting
patterns for connecting the narrow etching protecting patterns to etching
protecting patterns for form ng one of the walls of the pressure
generating chanbers and the ink supply paths, the etching protecting
patterns and the second etching protecting patterns being forned on the
ot her maj or surfac&hef gresentspacesntion relates to an ink jet printer

head , a method of manufacturing an ink jet printer head 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
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 expelliﬁg 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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- 23 - wherein the second etching protecting patterns are. not
..aligned with each other so that the prolonged |ines drawn on the
second et ching protecting patterns are not overlaid one on the other.

7 The nethod qf. manufacturing an ink jet printer head according to
claim5 or 6 , wherein the first space substantially determ nes the

vol ume of the ink supply path, and-sle second spagepsAtSKENTt SREATY
determ nes the vol une of the pressure generating chanber 8. The net hod

wher i ¢ neArERyTIE Hisrlcribg iy EhyiiE e sERRTHE, REPRGER! SIENSIOR o * e

nozzl e openi ng, and the second sggggrsepPstantially determ nes t he

vol une of the pressyre generating chanber. 9 . The nethod of .
nanufacturinﬁnahngnﬂefe rﬁPFﬁFeP%ﬁgadnc udRtoRdFRCEs (%) including ging
5 whepeegistihe generatlinig othagbexrsl | $48 pr contEueat By hSPEIEPI C

et chi ng _8b&fERgs (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, 20l1) 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 wills
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 spacer (4, 200) including pressure generating chambecrs
(48, 201) continuous to nozzle openings (2, 21l0a, 204),
ink supply paths (104, 202), and reservoirs (203);

a cover member (l, 210) for sealingly covering .the
pressure generating chambers (48, 201); and

pressure generating means (30) for generating pressure in
the pressure generating chambers (48, 201) in accordance
with print data. )

wherein the spacer (4, .200) includes a silicon single-
crystal substrate (60, 72, 130) having the surface
vertically oriented in (110) that is processed by
anisotropic etching process so that 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-

cr'ystal substrate (200).

2 . The ink jet printer head according to claim 1°, wherein the
two (111) faces of the ink supply path (202) form a V-
shaped groove.

3 - The ink jet printer head according to - claim~ .1
, wherein the nozzle openings (204) communicating with

the pressure generating chambers (201) each have walls of

two (111) faces c=lanted to the surface of the silicon

single-crystal substrate (200).

4. The ink jet printer head. .according to claim 3 , wherein
the two (111) faces of the nozzle opening (204) form a V-
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- 83 -

wherein the second etching protecting patterns are not
..aligned with each other.sc that the prolonged lines drawn
on the second etching protecting patterns are not
overlaid one on the other.

. The method of manufacturing an ink jet printer head

ac'cor‘cling to claim 5 or 6 , wherein the first space.
substantially determines the volume of the ink supply
path, and the second space substantially determines the
volume of the pressure generating chamber

. The method of manufacturing an ink jet printer head

according to claim 5 or 6°, wherein the first space:
_substanﬁially determines the volume of the nozzle
opening, and the second space substantially determines
the volume of the pressure generating chamber.

The method of manufacturing an ink jet printer "head
according to - . " eclaimt 5 ", wherein ‘the
partitioning walls are removed by isotropic etching
process. .
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