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The present.invention relates o an inkijet prinnter head a nethod of

manufacturing an ink jet prlnter head and a net'hod -of processing a silicon

single crystal substrate in use with an ink Jet-p%hntexaheadhwm_“q

_An ink jet printer head shoots forth ink dropl et;§udnt6m) a Higepr) hg medi um
to formdots thereon. Print of extrenely %lgh Eesolumeﬂ Ei$ realrzed |f

the size of -the ink dreplets is T

INK JET PRINT HEAD AND A METHOD OF MANUFACTURING THE SAME

The present invention relates to an ink jet printer

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

use with an ink jet printer head.

L4

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 sizé of the inkidroplets is
reduced. For high speed printing, the number of nozzle
opepings must be increased. Particularly, in the printer héad
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_thg energy of the piezoelectric
vibrating element. This requirement for the.efficieht'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 tﬁlckness of the wall partitioning the
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reduced. For high speed printing, the nunber of nozzle openings nust be
I ncreased. Particularly, in the printer head of the type in which
piezoelectric vibrating elenents are used as an energy source for
expelling ink droplets, the pressure generating chanber nust be designed
to be as large as possible in order to gfficiently use the energy of the
pi ezoel ectric vibrating elenent. This requirenent 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
probl em isaddacenyicepresgurei genesating champars paandt itéhi gplarge the
2 adj acent pressure generating chanbers, and to enlarge the pressure
generating PReSSEre genematisggFhamPREF 4pr &bE Jdengitudinal direction.

To form the pressure generating chambers and the
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 photosénsitive resin has a small
mechanical strength.  The printer head using such a defective
spacer suffers from cross talk, deflectiop, and the like, and
attempt to achieve high resolution is accompanied by
deterioratipn of.print.quality.

To cope with this pﬁqblem, there are sqme-proposals as
di;closed USP No. '4312608 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 thelspacer. Path
holes shaped for pressure gene;ating chambers and ink supply
paths are formed in fhe silicon single-crystal substrate by
-ﬁnisotropic etching process. The spacer of the silicon single-
crystal substrate has a large mechanical strength. Therefore,
the deflection of the whole print head caused by deformation of
the piezoelectric viﬁéating elements is minimized. The walls

undergoing etching are substantially vertical to the surface of



To formthe pressure genefating chanbers and the reservoirs, path holes
are forned in a spacer for setting the vibrator plate and the nozzle plate
fixed distance apart. Since the path holes nmust be formed in conformty
with the pressure generating chanbgers that are extrenely small and

A

conplicatedly shaped, the et.ching technigque is usually Used.
phot osensitive resin filmis usually used for the spacer. The spacer made
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like, and <&t tisdMini Lokl e¥Srngh resol ution is acconpani ed by
deterioral?on of'ﬁ?int dﬂ%ﬁ?ty. To cope with this problem there

are some proposal s shaddOSleds LI fNQJ.ow‘i%é E@presl, FRaveed The
Japanese Patent Publication No. Sho. 58-40509. " In the proposals, a
silicon ‘sidiglee-fopnmidalbys whet e@tRingr areallimieedenhedhied o di@kcits ol byout
so as to have the thickness suitable for the spacer. Path holes shaped
for pressuwhe ganestdl nfachaobiestatibna nk Theppefore, it is difficult to

shape the pressure generating chambers ideal for the ink jet

printer head. Because of the unsatisfactorily shaped pressure

generating chambers, ink tends to stay and to generate bubbles

in the pressure generating chambers.

The 'spacer formed of the silicon single-crystal
substrate is advantageoﬁs 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 difficulf-to handle the spacers in

 assembling the ink jet printer head. Further, it is difficult.
to secure a cdmp;iance sufficient for effectively htilizing the

pressure energy generated by the piezoelectric vibrating

elements and the heat generating means.

It is, therefore, the object of the present invention to
provide an.ink jet printer head and a method for producing same
which avoid the above-mentioned drawbacks. This object is
solved by the ink 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
qugpendent 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.

Tpe. claims are intended to be understood as a first non-
limiting approach of defining 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 silic i -

Connectinc p _ on single-crystal



paths are formed in the si'licon single-crystal substrate by anisotropic
et ching process. The spacer of the silicon single- crystal substrate has a
| arge mechani cal strength. Therefore, the deflection of the whole print
head caused by deformation of the piezoelectric vibrating elenents is

mnimzed. The walls undergoing etching are substantially vertical to the
surface of 3 t he spacer. Because of

this, the pressure generating chambers can be unifornmy forned.
ver -The . walls formed. by the

Thi s spacer has t.he follomnn% robl e
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O serve as narrow paths
shaped preﬁ%ﬂ%@ure generating chambers may be formed ensuring smooth
supply of ink to the pressure generating chambes and smooth

discharge of ink bubbles.

Another aspect of the present invention is to provide
a novel ink jet printer head which allows the spacer théreof
formed of a thin silicon single-crystal substrate .
which is preferabl
approxlmately 2%0 um thick to easily be handled.
. ) Yet another aspect of the present invention is to
provide a novel ink jet printer head in which the pressure
generating chambers reduced in size have complia&ce large
enough to shoot forth ink droplets.

.Still anothe; -aspe'ct_ of 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 sﬁecifié aspect, - there is provided an ink
jet printer head having a nozzle plate having an array of
nozzle openings, a spacer including path holes for forﬁing
pressure generating chambers, ink supply paths, ana reservoirs,

. a vibrator plate receiving vibrations of piezoelectric
vibrating elements, and the piezoelectric Qibrating elements

' longitudinally-vibrating in accordance with print data. In the
ink ijet priﬁter head, the.spacer includes a silicon single-
crystal substrate vertlcally 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



generating chanbers, ink tends to stay and to generate bubbles in the
pressure generating chanbers. The spacer forned of the silicon
singl e-crystal substrate i s advantageous in that the pressure generating
chanbers may be reduced in size, but is disadvantageous in that a
mechani cal strength of the whole spacer s small. 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 effectivety ut|I|2|n t he pressure_energy_ _generated by the
pi ezoel ect IGRANRH Ak CRGLLinsprFeFPsORAUCEnERReHR 1 §EndrEinhag neaPath holes,

t herefore, é%pe o%gect .of- the present I nvention to provide.an ink jet
printer ‘ng sanme which avoid the

bove- nent i oned d ks. Thi§ obj ect oy the ink jet t
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fromthe ggpghdent clains, description and drawi ngs. The clains are

intended to be understood as a first non- limting approach of defining:
the invention 'm“g‘?‘nﬁﬂ alpol €k MBprafered aspecT, there is provided an ink

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

- pressure generating chambersjrzze‘pressure generating chambers
are _ provided with pressure generating sources. 1In the ink
jet printer head, the spacer is a silicon single-crystal

preferably

substrate vertically oriented in (110) that is,processed by
an;sqtropic 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
falllng down.

The partition walle fer 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

a8 pressure that is applied to ink for ink discharge.



The invention provides an ink jet printer head in which a spacer for
setting a cover nenber and the nozzle plate with nozzle openings at a
fi xed di stance apart and havi ng pressure generating chanbers,
reservoirs, and ink supply paths connecting them is forned of the

silicon single-crystal substrate. 6 4
According to a first aspect of the present invention, an ink jet printer
head is provided using a spacer forned of a silicon singl e-crystal
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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(‘v.vrc.h\s‘
in a mirror image fashion, on the obverse and the reverse side
of a silicon single-crystal substrate vertically oriented in
(110)lcr},:a“.ga.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 foming ~the path holes; etching-
protecting patterns defining a narrow, second pattern connected
to a relatively large, fifst pattern, which are located in
regions where the first pattern and the sécond pattern are to
be formed, are aligned with each othér, and a biade;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—crystai substrate.



provide a novel ink jet printer head in which the pressure generating
chanbers reduced in size have conpliance | arge enough to shoot forth ink
‘droplets.- Still another aspect of the present invention is to
provi de a nethod of manufacturing the ink jet printer head, nore
particularly an etching method for forngng a spacer by etching a silicon
si ngl e-crystal substrate. According to a specific aspect, there is
provided an ink jet printer head having a nozzle plate having an array of
nozzl e openi ngs, a spacer including path holes for form ng pressure
generating chanbers, ink supply paths and reservoirs, a vibrator pl ate
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malls defini'hg a pa h ho mng a pressure gene
' ' jet printer head;

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

Figs. 4(a) and 4(b) are a perspective view and a cross
sectional view showihg respeétiéely 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_génerating chambers and their related portions of the
ink jet printef'head; |

Figs; 7(a) and 7(bf are'enlargedf plan vigws showing
the pressure generatihg_chambers and their related portions of
the spacer in the ink jet printer head, the illustration
showing a positional relation§hip among nozzle openings,
islands, and piezoelectric vibrating elements when the nozzle
plate, the vibrator plate, and the piezoelectric vibrating
element are fastened; | .

Fig. 8 is an enlarged view showing the configuration of

a path hole forming the pressure generating chamber;



5 chanmber is continuous to one of the walls defining a path hole

formng an ink supply path. The i nk supply pat hs whereAi nk tends
to stay and the pressure generating chanbers are forned in a pl ane,

t her eby ensuring a snooth flow of ink, and preventing stay of ink

bubbl es. According to a preferred agpect, there is provided an ink
jet printer head having a spacer, pressure generating neans forned by
two cover plates sandwi chi ng the spacer t her ebet ween, ink

supply paths connecting the nozzle openin and the reservoirs beln
provi ded in connectlﬁﬁgimt31ﬁ4ka °Fké% HARFAPF nFh EﬂéﬂﬁeﬁssﬁHBFéFﬁ Phe

pressure genereaptsl nctl‘ %12% actunng a spacer by processing a silicon single-
crystal substrate vertically oriented in (110) by anlsotropic_
etching process;

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

Fig. 11 is an explanafory 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 showing an eXampie
of'patterns_td form a'spécer by etching the silicon single-
crystal substrate by ahiéotiopic etching process, and a state
of the structure immediately before the etching process ends;

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

Figs. l4a énd 14b are diagrams showing another pattern
for the'aniéotropic etching, the illustration showing a state.

of etching immediately before the etching ends;
Fig. 15 is an enlarged, ‘plan view showing another

etching pattern containing reservoirs in such a structure for



are provided with pressure generating sources. In the ink jet printer
head, the spacer is a silicon single-crystal substrate vertically
oriented in (110) that is preferably processed by ani sotropi ¢ etching
process such that the pressure generating - chanmber is forned by a path
hole with a bridge neans. . The bgidge means of the path hole can

prevent the
falling down.

generating chanbers are each separated

partition walls defining the pressure generating chanbers from
" The partition walls for partitioning the pressure
space in the form_of a slit,

b
and the parswpphyingl P-Qkarfé:%f‘lﬂ%ﬂeﬁﬂﬁﬁc’t‘-gcéﬁ%Fl\j° feFies RE PREFsSuze
applied to ink for ink discharge. " Wth the deformation
of the wal |gergrafing ehampbers;

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 formihg 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 génerating chamber;

Fig. 22a is a plan view showing' the structure of

another spacer;

Fig. 22b is a plan view showing a positional

relationship of the nozzle openings, islands, and pie;oelectric
vibrating elements when the nozzie plate, the vibrator plate,
and the piezoelectric vibrating elements are mounted on the
spacer; |

Fig. 23 is a view showing an additional path hole

P

forming the pressure generating chambex;



generating chanbers at the time of shooting forth ink, a conpliance |arge
enough to shoot forth ink is secured. According to a further aspect
there is provided a nmethod of processing a silicon single-crystal
substrate in use with an ink jet printer head in which patterns of

ani sotropic etching protecting patterns advantageously nade of silicon

di oxi de, coincident in configuration wth patterns for formng path holes,
are formed, in a mrror imge fashion, on the obverse and the reverse side
of a silicon single-crystal substrate vertically oriented in (110)
normal Iy having a fixed thickness, and the silicon single-crystal

substrate with the patterns forned thereon is processed from the obverse
and the reverse side, thereof by anisgpropic etching process, thereby
formng the path holes; etching protecting patterns defining a narrow,
second pattern connected to a relatively large, first pattern, which are
|l ocated in regions where the first pattern and the second pattern are to

be formed, are alfiifred%ith 2abFoSSnereciRnal priew- shrwingt dhie(cross
Protect I 4 RASAT driagde’ 0P dd Mg, With @

Figs. 25 and 26 are views of exemplary etching patterns

formed on, the obverse and the reverse side of the silicoé
. single-crystal substrate to form the path holes;

Figs. 27 (a) to'(d) and 28 (a)~to (d) are a cross
sectignal view and a pian view showing a progressive state of
the etching that is carried out using the above etching
patterns; .

Fig. 29 is a plan view showing another path hole

forming the pressure generating éhamber;

. Fig.30 is a perspective view, partly in cross sectioh,
showing another embodiment of an ink jet printer head accoraing
to the present inventibn;

Fig.31 is a cross sectional view showing the nozzle
plate, the pressure generating chambers, and the vibrator piate
near the bridge and the nozzle openings; |

Figs. 322 and 32b are a plan view and a cfbss sectiﬁnal

view showing an exemplar spacer;



second path hole while being substantially aligned with a second wall.

Thi s manufacturing nmethod controls the etching so as

not to be excessive,

using the blade-like etching patterns. Therefore, fine and precise path
hol es can be fornmed in the silicon single-crystal substrate.

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

according to an enbodi nent of the present invention; Fig. 2is a

pl an vi ew showi ng a spacer used in thelidnk jet printer head; Fi g.
ate

3 is an enlarged, perspective view showing a portion of a vibrator p

where it

Is in contact with
Fig. 33 is a diagram schematically showing the

structure including a pressure generating chamber, the

illustration showing deformation of the chamber partitioning_

walls when.a pressure is applied to the chamber;

Figs. 34a and 34b are a plan view and a cross sectional
view showing énother.spacer;

Figs. 35a. and 35b, are plan views showin_g patterns
formed on the obverse and the reverse sides of a spacer formed

of a silicon single-crystal substrate when the spacer is

processed by anisotropic etching process;

Figs. 36 (2a) *o (f) are views showing a sequence of
steps for forming a spacer by anisotropic etching process;

Figs.37a and 37b: are cross sectional views showing
slits formed by anisotropic etching procéss when viewed in the
longitudinal direction of the pres;uré géneratiné chamber;

. Figs. 38a and 38§m;re plan views showing another type
of patterns formed on the obverse and the reverse side of the
silicon single-crystal substrate;

Fig. 39 is a cross sectional view showing an additional
spacer;
Fig: 40 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. 4l (a) to (d) are plan views showing a method of

manufacturing the séécefyaccording to the present invention;
of the ik A‘e"r ?":ﬁ‘\"" head



pi ezoel ectric vibrating el enent s; Figs. 4(a) and 4(b) are a
perspective view and a cross sectional view show ng respectively a
pi ezoel ectric vibrator wunit and the structure of electrodes of the

vi brator unit; Fig. 5is a cross sectional view showi ng a part of
the ink jet printer head, Fig. 6 is an enlarged, cross sectiona
vi ew show ng pressure generating chanmhers and their related portions of

the ink jet printer head, Hgi% 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, the illustration showi ng a
posi tional relati oRsgi pa2nis @merdargesbnipergspedtiemdsiewshawing el g@mi c
vibrating el enents when the nozzle plate, the vibrator plate, and the

pi ezoel ect pbetibhr atfi ngn dhknejat apeinteredmpad accordipggtog 3 s fygther
enl arged view showing the configuration of , a path hole formng the
pressure gembpdimagtchfinbhe; present invention; and

Fig. 43 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'arréyed~at such pitches as to form a -
print density of 180 DPI.

A sp#cer'4 is sandwiched between a vibrator plate 10
serving as a first cover plate (to be given later) andlfhe
nozzle plate'l 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.S, 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 1n Fig. B, @ach

of the pressure generating chambers is formed of an island
11 and a thin portion 12. The islapd 11, in contact with the .

top of a piezoelecEric vibrating element 30 contained in a

piezoelectric vibrator unit 21, has such a rigidity as to



8 Figs. 9 (a) to (e) are diagrans show ng a sequence of st eps
of manufacturing a spacer by processing a silicon single- crystal
substrate vertically oriented in (110) by ani sotropic et chi ng process;
Fig. 10 is an explanation diagramfor explaining a state of etching as the
result of a msalignnent of etching patygrns formed on the obverse and the
reverse side of the silicon single-crystal substrate, which are used for
etching the surface of the substrate vertically oriented in (110) by

ani sotropic etching progcess; I S.an explamgtor di agram f or

, Fig 11
oxpl ai ni ng ALTaNTRE e doEPIRCRMRG T PE ERE RHBROBRECEFAR BAPEARYNG. eLgment

30 to the possibly largest area. The thin portion 12 is formed
in the peripheral area of the island 11. With such a
cogstructién, 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

' pitches along the fixing board 31 in a state that the first
ends of the piezoelectric vibrating elements 30 are attached to
the fixing board 31, while the second ends thereof are free so
as to allow the piezoelectric vibrating elements 30 to vibrate
in a longitudinal vibration mode.

- : Each piezoelectric vibrating element 30, as shown in
Fig. 4(b), is'construéted such that piezoelectric vibrating
members 32; drive_electrodeé 33, and common electrodes 34 are
alternately layered. The rear ends of the drive electrodes 33,
exposéd 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 exteﬁded to
the free end of the piezoelectric vibrating element 30 and
connected in parallel by an external common electrode 3é
extended to the sides of the piezoelectric vibrating element.

The outér ﬁéjor surfaces of the external dfivé

electrodes 35 of the piezoeleétric vibrating elements 30 are



substrate vertically oriented in (110) is etched by anisotropic etching
process; Figs. 12(a) and 12(b) are diagrans show ng an exanpl e

of

-patterns to forma spacer by etching the silicon single- crystal substrate
by ani sotropic etching process, and a state of the structure i medi ately

before the etching process ends; 14 Fig. 13 is an enlarged, plan view
showi ng etching .patterns of the reservoirs in the structure for supplying
ink fromone reservoir to two pressure generating chanbers; : Fi gs.

14a and 14b are di agranms show ng anotherépattern for the anisotropic"

etching, t Fabstandiaddyorf i with shet £ixdmetbarrgd PhnediHh®l §*bRFBAL
anot her | oBORPRG PABEEFACEBNIAITH He BUBFPOLAS bri & VSR LA LB e LARERES, 30
are electrically and physically coupled with electrodes 49
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
elect?ode 35, are formed on the bottom end faces of the dummy
vibrating elements 39, and are to be coupled with a connection

circuit board.

Returning to Fig. 1, a print head body 42 includes unit

receive holes 43 for receiving piezoelectric vibrator unit 21
in a state that the free ends of  the piezoelectric vibrating
elements 30 are expoéed_to'outSide, and an ink supply port 44
v . for supplying ink from an ink tank to the reservoirs. - An
assembly of the vibrator plate 10, the spacer 4, and the nbzzle
plate llis firmly attached to the surface of the print head
body 42 by means of é frame member 45, which also serves as an
elegtrostatic shield. The resultant is a record head assembly.
Fig. 5 is a cross sectional vigw of the record head ;ssembly
thus constructed when viewed in the direction vertical to the
nozzle array. The piezoélectric vibrAtor units 21 are fastened
to the print head body 42 by epéxy resin. Reference nﬁmeral 46

designates an inflow port connecting to the ink tank.
In the constfﬁction of fhe'record head shown in Fig. 1;

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

.o'g Fﬂ.‘f



supplying ink fromone reservoir to two series of pressUre generating

chanbers; Fig. 16 is an enlarged, cross sectional view showi ng a
portion of the path hole form ng the pressure generating chanber in the
vicinity of the nozzle opening; Fig. 17 is a view show ng anot her
path hole form ng the pressure generatigg chanber; Fig. 18 is a
vi ew showi ng yet another path hole fornihg the pressure generating
chanber; - Fig. 19 is a view showi ng still another path hole

form ng the pressure generating chanber; Fig. 20 is an enl arged,

cross sect P¥hathei apzeien pyatke poranén tdre ¢ MébpatRrhdr 2 ¥®r Alng thrreby
pressure generating chanber in the vianitggof t he nozzl e gfenin

Fig. 21 isIRiag FrRFSHFS JeReTahing: phasbersAgsignated Yesrﬁfe’erence

generating Chambe us. when i trii potedd 13 Yeotha"OIb0Ge LS 2SI Yg! ©
which receives a stretching motion of the piezoelectric
vibrating element 30 through the island 11, is deformed to
cbmpress 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(bf are enlarged, plan vigwé 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 supély pofts are formed in a silicon
single-crystal substrate vertically oriented in kllO)L ‘The
si;icon ﬁinglé-crystél substrate has the thickness hecessary
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 § forminé the pfessure generating chamber 48.
In a case where the vibrator plate 10 is bonded to the
nozzle plate 1 by a'ahesive, indentations S50 for receiving-_‘

adhesive are formed around those path holes by anisotropic



anot her spacer; Fig. 22b is a plan view show ng a positiona
rel ati onship of the nozzle openings, islands, and piezoelectric vibrating
el enents when the nozzle plate, the vibrator plate, and the piezoelectric

vibrating elenents are nounted on the spacer; Fig. 23 is a view
showi ng an additional path hole forningsthe pressure generating chanber;
I” vi ew showi ng the cross

10 Fig. 24 is a cross section

etching process. The indentation 50 is approximately 100 um or
shorter long in one of the sides thereof. The depth of the
iﬁdentation.so is selected so as to have such a volume as tq_
contain excessive adhesive.

An opening area of the indentation 50 is preferably
within a range between 0.001 mm? and 0.01 mm?’. When it is
smaller than 0.001 mm?, the indentation 50 can unsatisfactorily
recei;e the excessive adhesive. When it is larger‘than 0.01
mm?, an unsatisfactory adhesion area is secured, weakening the .
adhesion of the vibrator plate 10 to the nozzle plate. 1. |

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

Fig. 8 illustrates a path hole forming a _préssure
generating chamber.48 and a'path hole forming an ink supply
path, and anglés of the w51ls 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 openiﬁg 2 are jointed at angles 63, 64, and 65. The
angles 63, 84, and 65 are obtuse_angles of approximately 152°,
100°, and 110°, respectively; The walls 5c¢, 5d, and 5e of the

| path hole 5, located adjoining to the path hole 7 to serve as
the ink supply path, are arranged so as to gradually enlarge a
junction area whére the ink supply path opens to the pressure

ey

generating chamber.



sectional shape of a bridge; Figs. 25 and 26 are views of

exenpl ary etching patterns forned on the obverse and the reverse side of
the silicon single-crystal substrate to formthe path holes;

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

pl an view showi ng a progressive state of.,the etching that is carried out
usi ng the above etching patterns; ' Fig. 29 is a pl-an view show ng
anot her path hole formng the pressure generating chanber; Fig. 30
IS a perspective view, partly in cross section, show ng another enbodi nment
of an ink jet prinf8e Wadd Zacefdtheg paththelerzstoxr theenk supply path
Fig.31 is g cross sectional view showing the nozzle plate, the pressure
gener at i ngiEhFAFMEE ShPR$ hko vher SPBELPPANE teedthe twalbl i Bacofnthehpativz| e
openi ngs; Figs. 32a and 32b are . a plan view and a cross sectional

vi ew showi RG1§n5 &k@Fpthe Ruessure 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
_suital:fle 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 t\;all 6a of
the path hole 6 for the reservoir by way of an enlarged
jun.ction part defined by the two walls 6b and 6c of the path
holes 6. 'In the figure, an angle 61 is 30°, and an angle 92-is
approximately 70°.

To assemb.le, adhesive is applied to the spacer 4 thus
~Structured, and sandwiched by the nozzle plate 1 and the
vibrator plate.lo after these are accurately positioned fo one
another,. and the assembly' of those components is pressed
together. Adh_e_sive 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 iﬁto the pressure
generating chambers, the ink supply paths, and the reservoirs,
thereby changing the volumes of them, will never occur. In the
resultant structure L;I'Oduced after completion of the bonding.

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



Fig. 33 is a diagram schematically showing the structure including
a pressure generating chanber, the il lustration show ng deformation of

t he chanber partitioning wal | s when a pressure is applied to the chanber
Figs. 34a and 34b are a pl.an view and a cross sectional view show ng

anot her spacer; Figs. 35a and f b are plan views show ng patterns
formed on the obverse and the reverse sides of a spacer forned of a
silicon single-crystal substrate when the spacer |s processed by

ani sotropi c etching process; Figs 36 (a) i are views show ng
a sequencenear atephefend fafi i ﬁ§n§e§p&ééﬁ-‘ 8§ Ehﬁsb@‘r‘-bp’il@ etTHIN PR @S ;

the pressure generating chamber, and each island 11 of the
spacer 4 is extended over the substantially entire length of
the pressure generating chamber. When the piezoelectric
-vibrating element 30 is driven in this state, the displacement
of the element is transferred to the wholé 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
manufacturing the spacer 4, §:F:211con single-crystal substrate
60 of the crystallographic axis (110), 220 pm thick (enough to
sapisfy the thickness required for the spacer), for example, is
prepared.' A silicon dioxide film' 61 'wh-'c.'u'ts 1 pm thick, for
example, is formed on the sﬁrface of the silicon.single-crystél
substraté 60 by thermal oxidation process. The -+kﬁﬂcn¢ss
of 1t 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.



Figs. 37a and 37b are cross sectional views showing slits fornmed by
ani sotropi c etching process when viewed in the |ongitudinal direction of

t he pressure generating chanber; Figs. 38a and 38b are plan views
showi ng anot her type of patterns formed on the obverse and the reverse
side of the silicon single-crystal substyate; Fig. 39 is a cross
sectional view show ng an additional spacer; Fig. 40 is an

-enl arged, perspective view showing a key portion of an ink jet printer
head accordigg to an _additional  enbodi nent of the present inventjon,..
Figs. 41 (ahoies(8) &reapfah, ARfhslEMRGSRFAEYet R AdeneAtrRT u"J?(?ng’t%'e
spacer, accg&%B?g to the present inventi.on;

12 . .

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

Following the step of forming the silicon dioxide
patterns, the structure is eiched in an aquephs solution of
potassium hydroxide of approximately 17 % in density, képt at
a fixed temperature, for éxample, B80°C. In the eééhing
process, only the portions: of the silicon ldio#ide film
corresponding to the windows 63 and 64.are etched away at the
rate of 2.um/min., with the patterns 6la and 61b of the silicon
dioxide film as protecting films. In 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 6n
the obverse the and reverse side of the silicon single-crystal
substrate 60 are formed so that the pattern 6la covers the

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



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

i nvention; and Fig. 43 is an enlarged, perspective view showi ng a
key portion of an ink jet printer head according to another enbodi nent of
t he present invention. InJ4 9. 1 showing an enbodinent of the
present invention, |inear opening arrays 3 each consisting nozzle
openings 2 are formed in a nozzle plate 1. These nozzle openings 2 are

ety oo Sl Hah il Shehel HRH AL PrelAha £ 180,45, He
COer P Sabkarne st thER SO L4Faelhehicn Phigl STeg)seranc ot
chanbers: a®3 Eggkr%isalignment 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 larger window since at least the edges of
the patterns located outside are the etching surfaces.
- Let us consider a case where patterns_?O and Zl 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 bounqaries of the patterns 70a and 7la
located outside a path hole 73 to be formed within the patterns
oppositely formed on the obverse and the feverse side of the
substrate. The size of the path hole 73 formed by this etchiﬁg
process is different from that of a path hole defined by the
paéterns 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 fhe path hole 65 is formed, the silicon dioxide
films 6la and 61b used as a masktare removéd.by using hydrogen
fluoride. Thereafter, the étructure is thermally oxidized to
a-thickness of .
form a silicon dioxide film 66 ofgl pm for example,
(this figure indicates a film thickness satisfaétory for the

‘protecting film) over the entire exposed surface thereof. This



an ink supply port connecting them and path holes 5, 6, 7, and 8 for
formng fluid paths for distributing ink froman ink tank to the

reservoirs. A vibrator plate 10 cooperates with the spacer 4 and
the nozzle plate 1 to formthe pressure generating chanbers. As Shown in
Fig 3, each of the pressure-generat&gg chanbers is fornmed of an island

11 and a thin portion 12. The island 1177 in contact with the top of a

pi ezoel ectric vibrating el enent 30 contained in a piezoelectric vibrator
unit 21, has such a rigidity as to | . . ) 1
transmt a Shbiter «dioxide ¥hémp§@zbﬁlﬁé?ﬂiGQHQNEﬁQ?EFE&QﬂmﬁﬁlmBQQPénﬁﬁe
possibly largest_area. The thin portion 12 is formed in the peripheral
area of théiﬁslﬁﬁkg']ﬂie))VVth such a construction, the pressure

neratin h r n efficientl . . .
generat gc anbe.aﬁglﬁa the go&rgé of the anisotropic etching process of

3

the siiicon single-crystal substrate vertically oriented in

(110) till an intended pattern is formed, the etching

ﬁrogresses 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. 11. 1In order to actively

use this nature, as shown ;n Fig. 12(a), an approxiﬁétely 1/2

region of the path hole 5 for the pressure generating chamber

where it faces the nozzle opening is formed such that a

bouﬁdary B0a 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 7 for the ink supply path. The wall 7b of

the path hole 7 is opposed-to the wail 7a thereof, which is in

line with the wall 5a of the path hole 5. Further, blade-like

patterns 82 and 83 ére fofmed on the inner sides of the path

hole 6 for the reservoir in a state that these patterns extend

T in line with the wails 7a and 7b of the ink supply path 7,
respecﬁively. |

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 patteiﬁ 80 at a given angle to the wall 5b of

the path hole because the etching pattern 80 includes the edge



be expanded and conpressed in accordance with stretching notions of the
pi ezoel ectric vibrating el enent 30. The piezoel ectric vibrator
units 21 are arranged as shown in Fig. 4(a). The piezoelectric vibrating
el ements 30 of the piezoelectric vibrator units 21 are arrayed at fixed
pitches along the fixing board 31 in a sgﬁte that the first ends of the
pi ezoel ectric vibrating elenents 30 are tached to the fixing board 31,
whil e the second énds-thereof are free so as to allow the piezoelectric
vibrating elenments 30 to vibrate in a |ongitudinal vibration node. -
Each pi ezoelgay.ri cré beathiggelprwgressas ao steawhi theFirggionb)facing the
constructed such that piezoelectric vibrating nenbers 32; drive el ectrodes
33, and compzzlecopendey,3doathat sthemorzle dperngl 2, Taadr she waldsobat he
drive el ectrodes 33, exposed to outside, are connected in parallel by an
. external dribye5él,eendodg $8cingi theiro?alarepeningpovhiiehodrei aRTaYedcess,
for exanple. The common el ectrodes 34 are extended to the frﬁg end of the
pi ezoel ect r icbtuiser @Ngkpsl et IFonedhd At the junction part between the

ink supply path and the pressure generating chamber and another
jﬁnction part between the ink supply path and the reservoir,
‘the etching is stopped when these junction parts are expanded
to suéh an extent as to prevent ink from staying the-inlet and
outlét 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 extendéd from the walls, aré first etched'(Fig.
12(b)). Accordingly,'infthe final etching stage, viz., an

_ étching stage ‘where ‘a through-hole is formed thrbugh the
etching from both sides and intended patterns are formed,.walls
5d and S5e, slanted at the angle 61 ~ 30° to the walls 5c and '
7b, are formed in the region or the junction part of the path
hole 7 where it §pens to the pressure generating chamber;
Further, walls 6b and 6c, slanted at the angle 82 ~ 70° to the
walls 6a and 7a, are formed in the junction part of the path

as shewn \n Fig, §,
hole 7 where it opens to the reservoir, As a result, the inlet
and thé outlet of the ink supply patﬁ are expanded in diameter.

With this expanded ‘Bpenihgs, ink smoothly flows into the



connected in parallel by an external common el ectrode 36 extended to the

sides of the piezoelectric vibrating el enent. The outer nmgjor
surfaces of the external drive electrodes 35 of the piezoelectric
vibrating el enments 30 are 14

substantially flush wth the fixing board 31. The external common
el ectrodes 36 of the piezoelectric vi brégt i ng elenents 30 are electrically

and physically coupled with el ectrodes 40

of dummy vibrating elenents 39, which are |ocated on both sides of the

array of t

restianelgetleirat ingbr ehames) ENBRéS bhe DYrd @R O, a WX

menber  38. The electrodes 40, |i ke the external drive el ectrode
35, are fogEneratinge Butie® efdihkces of the dummy

Fig. 13 is an enlarged, plan view showing etching
patterns of the reservoirs in the structure of the path holes
6 for the reservoirs, in which ink is supplied from one
reservoir to two series of the pressure generating chambérs.'
In this structure, the nozzles of the series of the pressure
generating chambers aie slightly dislocated from one another.
Therefore, blade-like patterns 82, 83, 827, 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 anisotfopic etching. In this pattern, a junction part
of the path hole 7 to serve: as an ink supply péth and+t&path
hole 6 to serve as a' reservoir is fo;med-;as a - narrow
continuous paftern 85. | A single blade-iike pattern 86 is
extended in the axial direction of the path hole 7 to serve as
tﬁé ink supply path. | _

In this pattern, the junction part of the ink supply

path 7 and the path.hoie 6 for the reservoir is blocked by the

narrow continuous pattern B85. 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 pressure generating chambers as in Fig. 13,

the object can be achieved by forming narrow continuous

formed on the bottom end faces

ive



vibrating elements 39, and are to be coupled with a connection <circuit

boar d. 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 elenents 30 are exposed
to outside, and an ink supply port 44 égr supplying ink froman ink tank
to the reservoirs. An assenbly of the vibrator plate 10, the spacer 4,
and the nozzle plate 1 is firmy attached to the surface of the print head
body 42 by neans of a franme nmenber 45, which also serves as an :

el ectr ost atpattsdyred d.85Thend 88/ inmalr ite. Thecemdsd lvdfacthes parthl )holds . d@nd s a
cross sectional view of the record head assenbly thus constructed when

vi ewed in tire fobixr aediiel dmkvenppiyl paths lend rioxningrblade- ke patAsstrectdd c
vibrator units 21 are fastened to the print head body 42 by epoxy resin.
Ref erence mmser 86 4eexteriing . frodsithait SR2THPW nFPBRLPEPRS.c dPREERIMY tim t he
I nk tank. In the construction of the record head shown in Fig. 1

the path héldgnmesnt Hths sheepathshopsin i/napdy? e, a& showgsda Fig. 15.
' | ‘Therefore, if these are displaced from the nozzle positions of
" the nozzle series, the blade-like patterns 86 and 86’ may be

laid out in a plane without lapping them.

In the above-mentioned embodiment, the etching process
is sﬁopped when the wall 5f comes in contact with the wall 5g.
However, if the etching process is fuither continued, two walls.
Sf1 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 68 = 152° to the wall 5b défining the pressure genefating'
chamber 48, as shown in Fig. 17. An anglg 07 is approximaﬁely
125°. Aan anglé 86 of the wall 5f1 (wall 5£2) 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 nozéle opening 2. These walls are
five walls 5a, 5g, 5f, Sh, and 5b 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 the angle 66 as viewed in the

cross sectional direcfioh of the silicon single-crystal

-

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



by the nozzle plate 1 and the vibrator plate 10, thereby form ng pressure
generating chanbers designated by reference nuneral 48. \Wen the thin
portion 12 of the vibrator plate 10, which receives a stretching notion of
the piezoelectric vibrating element 30 through the island 11, is deforned
to conpress the pressure generating cha r 48, the pressure generating
chanber 48 pushes ink contained therein to exterior in the formof ink
dropl ets through the nozzl e opening 2. Figs. 7(a) and 7(b) are

enl arged, plan views showing the path holes 5 which formthe pressure
generating clseeuded ingghet vécinity KRR MITHEe APYHOG phceroFandimely nk
jet printer head. Path holes 5 to serve as pressure generating chanbers
48, path hol 883y o8 bubbdegsne¥esr H8PPENSand pat h '

As in the embodiment where the four walls are formeq_
-argund the nozzle opening 2, 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 #he longitudinal walls 90a.and 90b defining the_pressure
generating chamber, and the path hole 92 is located
substantially in alignment with the center liﬂe 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
prgséﬁre generéting chamber; and walls 90e and 90f_$e§ondarily '
formed along the crystél_axis during the etching process. Ink
flows from the reservoir to.the pressure generating chamber
~ more smoothly, without any stay of ink bubbles.
After the wall 5h is fqrmed, the etching process is
further continued. Then, thé 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 S5a, 5g, Sf’, 5?1', 5£2’, and 5b, which are arranged ati

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



holes 7 to serve as ink supply ports are forned 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 The path holes 7 to serve as ink supply ports are each
desi gned such that the walls 7a and 7b def'ging the path hole 7 are spaced
apart fromeach other such a distance as t9 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 formng the pressure
generating ch@weface. of the silicencsinglrrerystal sukssragPat @ farmed

bonded to the nozzle glate 1 by adhesive, _indentations 50 for_receiying
adhesi ve are AR atBendnezeke SRERIAG ed-by AMksosMePrRly flows in “the

16 vicinity of the nozzle opening 2, and ink bubbles never stay
thgre. .
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
forﬁeﬁ such that walls 30c and 90d are formed which are
obliquely extended from the longitudinal walls Bda and 90b
defining the pressure generating chémber, 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
_frém the locations near to the center of the end of the chamber
toward the pressure generating chamber, and yﬁlls 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 Roles 7 for
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 pm thick. In this structure, the substrate



etching process. The indentation 50 is approximately 100 [err]m or

shorter long in one of the sides thereof. The depth of the indentation 50
is selected so as to have such a volunme as to contain excessive adhesive.
An opening area of - the indentation 50 is preferably w thin a range between

0.001 mm{err] and 0.01 mierr]. Wen i57is smal ler than 0:001 mMerr],
the indentation 50 can unsatisfactorily®‘receive the excessive adhesive.

When it is larger than 0.01 mnierr], an unsatisfactory adhesion area is
secured, weakening the adhesion of the vibrator plate 10 to the nozzle

plate 1. is segmented at dwcattions] oeaki thenpaithdhodes fiernghadbesssere |

used, there is no need of using these indentations 50, as a natter of
cour se. generating chambegstr at dcconskitnglwl e ther nippen Fisissupé the
generating chanber 48 and a path hole form ng an ink supply path, and

angl es of -SROSKRALE ofs ( pRSELpashidopaaingte Paehlonsre sidrothargatheand

pressure generatiQ% chanber 48 i ncl udes ..
vice versa. With this structure, when the spacer is inserted

- between thelnozzle plate 1 and the vibrator plate 10, and those
members are bonded together, those path holes 5 and 7 are
frequently deformed. 1In other words, the walls defining the
pressure generating chambers are extended in a cantilever
fashion. When the spacef is bonded to other relatgd.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'nozzlé opening'z. Fig. 22b is a
plan view showing relative positions of the pressure generating
chamber 48, the nozzle opening 2, and piezoelectric viSrating
elements 30 of the spacer. Fig. 23 is an enlarged view
showing the configuration of a path hole forming thé pressure
generating chamber and its related portions. As shown, a path
hole 5 forming a pressure generafing 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



seven walls 5a to 59g. The walls 5b, 5f, 5g, and 5a around the nozzle
opening 2 are jointed at angles [err]3, [err]4, and [err]5. The angles
[err]3, 04, and [err]5 are obtuse angles of approximtely 152[err],
100[err], and 110[err], respectively. The walls 5c, 5d, and 5e of the path
hole 5, located adjoining to the path holg 7 to serve as the ink supply
path, are arranged so as to gradually enl rge a junction area where the

i nk supply -path opens-to the pressure generating chanber.

The wall 7a of the path hole 7 for the ink supply path is formed so as to
be conti nuousufbichentalfiorSathe specexth e.%eole 220 oumt he hr byddige 95 is
generating chanber. The wall 7b of the path hole 7 is spaced apart from

the wal | 7b ehligrelyigtermed agrass the RAth hpdel tatra locpidan filamar to

between themis
the path hole 7.

L The bridge 95 formed across the path hole is slanted aé
angleé 89 = 126° and 610 = 55° to the walls of the path hole 5,
wﬁich define the pressure generating chamber. The cross
sectional structure of the bridge 95 is shown in Fig. 24. Aas
-showﬂ, it is a triangle of which the bottom 95c¢c lie§ on the
side of the substrate to be in contact with the no;;le 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 611 (about 35°) to
the éurface bf the nozzle plate.

Another slanting surface 95b is sianted toward the ink
supply path 7 aﬁ an angle 612 (approximately 35°) to the nozzle
plate. ' | | |

The angle of the bridge'QS at its vertex is an obtuse
angle, approximately 110°. Therefore, 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 patterné

suitable for forming the pressure generating chambers with the



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 fromthe pressure generating chanbers to the

i nk supply path, is connected to the wall 6a of the path hole 6 for the

reservoir by way of an enlarged junctigon part defined by the two walls 6b
and 6¢ of the path holes 6. In the tigure, an angle [err]l is 30[err],
and an angle [err]27is approximately 70[err]. To assenbl e,

adhesive is applied to the spacer 4 thus structured, and sandwi ched by the
nozzl e pl dpeidgesdIBhe Anbeichbingl ALOLECHNGEr PakEernards definirgythe
positioned to one another, and the assenbly of those conponents is pressed

t oget her. befeeMmABSAL dhenbradggohei by FHeed bhs ilacrtian (fagdngathens
Soneree oAl cpRSELRE BeLhE ety hala: ) SO VBRI phLaBRCE"
result, sych. a I,.sadyant ageous situation _that adhesive fl into_ the
pressure Cg%{;‘@’aqq %d’ecl’f g{refﬁgr? rkCREHPF N BFRRMPER ¢ tifbﬂ%s@??ﬁi‘?&
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
6ther. |
- An etching protedting pattern 97a, shaped like a blade,
is extended on one of the boundaries of the etching proﬁecting
pattern 96 in parallel with the wall 5a of the path hole 5 for
the pressure generating ;hamber. An etching proteéting pattern
98a, shaped like a blade, is extended from the wall 5c of -the
path hole 5 toward the path hole 5. The wall 5c faces the wall
'7a of the path hole 7 in line with the wall 5a of the path hole
5 for the'pressure generating chamber (the wall 7a is one of
the walls defining the path hole 7 for the ink supply path).
A straight pattern, cénnecfed 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
'975, while the right side thereof, by numeral 98b. These
narrow patterns 97b and 98b, which serve as etching protecting

patterns, are located ‘corresponding to the narrow etching

protecting patterns 97a and 98a.



t hereby changi ng the volumes of them w1l never occur. In the resultant
structure produced after conpletion of the bonding process, each nozzle
opening 2 of the nozzle plate 1 is |ocated near 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 spacgp 4 is extended over the
substantially entire |l ength of the pressure generating chanber. When
the piezoel'ectric vibrating elenent 30 is driven in this state, the

e
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formed is etched by the anisotropic etching method. The
etching progresses along the (111) face slanted at an angle oé
approximately 35° to the obverse and the reverse side of fhe
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, prbgre§ses into
the,subsﬁrate, viz., the etching depth reaches abouE the half
of the thicknesé 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 piate éide.,_
-In:other words, the étchiﬁg progfesses so that the surface of
the substrate is left at.thé 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 substantiaily vertical to the obverse and the reverse

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



pressure generating chanber. In Figs. 9 (a) to (e) show a
sequence of steps for nmanufacturing the spacer 4 wherein a silicon
single-crystal substrate 60 of the crystallographic axis (110), 220 [err]m
thick (enough to satisfy the thickness required for the spacer), for
exanple, is prepared. A silicon dioxidg4film®6l which is 1 [err]mthick,
for exanple, is forned on the surface of the silicon single-crystal
‘substrate 60 by thermal” oxidation process. The thickness of 1 [err]m is
sufficient for, the film®61l functiopin rote

ani sot r opi c e?’l:‘ﬁi REILPRE: d (Bh thes _)?’Sat%e RS, Attélggﬁgéhwﬂﬁﬁﬁlqn%%santhe
G i con o ngi0Wrgans o% (s GEERERT WBHY v L | BORCRY B S 11 [egy Ehe
o e B P ERAE e TR B AUFSHER. SERRRS PhIERE, 4R TE e
35° to the surface of the silicon single~crystal substrate is
. left, as in the previous case (Fig. 28(b)). The etching
reaches the narrow etching protecting éatterns 99 and 100, and
further progresses. Then, the etching protecting pattern is
bifuréated into two patterns. With the bifurcat{on, the
etching advances toward the walls 5a and 5b, while tﬂe etching
. advances in the same direction as that of the etching
protecting patterns 97a, 97b, 98a, and 98b (Fig. 28(c)).

As fecalled, the narrow etching protectihg patterns 99
and 100, which form the fidge-of the bridge triangular ih CXross
section, are not aligned with each other. Acéordingly, an edge
part where the .(111) faces intersect is  formed, thereby .
preventing the'formation-of a veitical wall. |

If the etchiﬁg protecting patterns 99 and 100 are
aligned with each other, a wall of which thé crystal face of
(111) is wvertical which resembles in shape the etching
protecting patterns 99 and 100 is formed. This wall segments
the pressﬁre 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.



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®61l corresponding to the
wi ndows for the path holes 5, 6, and 7, and the indentations 50 are etched
away (Fig. 9(c)). Patterns 6la and 61b of the silicon dioxide formed 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 pattern 61b on the reverse side, in this instance. Fol | owi ng
the step of formng the silicon dioxggle patterns, the structure is etched
i n an aqueous sol ution of potassium hydroxide of approximtely 17 %in
density, kept at a fixed tenperature, for exanple, 80[err]C.  In the

etching If the etching process is further continued, the ridge

of the bridge is etghed to be flat. However, the etching

. process is stopped when the regions around the nozzle openinga
and the ink sﬁpply path are shaped as intended. Accordingly;
the etching protecting.patternﬁ 96,”99, and 100 are determined
by the t%ping'of the stop of the etching process.

In the above instance, the bridge 95 is formed across
the pgth‘hole 5 to be the pressure generating chamber 48. If
required, it may be formed across the path hole 7 to bé the ink
supply path, as shown in Fig. 29. As shown, a bridge 102
triangular in cross section is formed across the path holé 7.
A method similar to that used for forming the bridge 95 may be
used for forming the bridge 102.

Also in this instaﬁce of the embodiment, the walls 7a
and fb of the path hole 7 are supported'bf“the'bridge 102.
Because of this structﬁre, the width size of the path hole 5

and the path hole 7 can be maintained throughout the assembling

stage.



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 the surface of the substrate, viz.,
in the direction vertical to the crystallographic axis (111). As
descri bed above, the patterns 6la and 61b forned on the obverse the and
reverse side of the silicon single-crystal33substrate 60 are formed so that
the pattern 6la covers the pattern 61b. At the tine of conpleting the

et chi ng process, a ' . 20 path hol e 65
is formed which corresponds in size to the

An ink jet printer head according to a second
embodiment of the present invention will be described with
reference to Figs. 30 and 31. As shown, in the ink jet_printef
head, pressure generating chambers 48 are partitioned by unique

-'éhamber'bartitioning means. The chamber partitioning means
consists of a narrow space 110 défine§ by a couple of very thin
fa:tition walls 111 and 112.

A spécer used for the ink jet printer head is
illustrated in Figs. 32a and 3éb. As shown, the narrow spaces
110 partitioning the pressure'gene?ating chambers 48 take  the
form of slits 114. Each slit 114 is extended from thé ink
sgpply path 7 to a locatiqﬁ beyond the nozzie opening. 2. In
the embodiment, the partition.walls 111 and 112 of the chamber
partitioning means are 15 un:T‘;He 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 é
pressure is applied to ink for ink aischarge. 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 .
. . *ivimg .



patterns 61b defining the larger window (Fig. 9(d)). Even if a slight

m sal i gnnent 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 |ocated outside are the etching

surf aces. Let us consider a case where patterns 70 and 71 of the
sanme size are fornmed on the obverse and the reverse side of a substrate
72, as shown in Fig. 10. In this cad3®, if these patterns are not aligned

with each other, walls 72a and 72b are forned in line with the boundaries
of the patterns 70a and 7la |ocated outside a path hole 73 to be forned
Wit hin t pressurer genexandaigt chambernd8 whenheiewedrin the lorgitudindl side
of the substrate. The size of the path hole 73 formed by this etching
process iddrdctioncof tthemchiambesf. a path hole defined by the patterns 70
and 71. As aresult, it is inpossible to control the size of the path

hol es and the po%hei baidge PReist dRFA§edi Sethe side of the -spacer 4,

closer to the nozzle plate 1, and spaced from the vibrator
plate 1b\a 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 bridgé'ss'is.selected to such
an egtent as té prevent the partition walls 111 ané.llz from
falling tbward the narrow space 110 or the pressure generating
chamber 48. In this embodiment, tﬁe height from tﬁe base of
the triangle (of ﬁhe 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 vibrate in;'a‘
longitudinal.vibration.mode, are fastened at the first ends of
the.pressure generating chambers 48 and attached ét 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. 1In
response to the drive signals, the piezoelectric vibrating
eléments 30 -longitudirlally expand fo compress the pressure
generating chambers 48 to cause pressure in the chambérs.

The pressure generated expands the pressure genera?ing.
chamber 48, thereby bendihg the partition walls.lll and 112
toward the narrow spacés 110 and_the’vibratqr plate 10 qutward,'

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

T 8



After the path hole 65 is forned, the silicon dioxide filnms 6la and 61b
used as a nmask are renoved by using hydrogen fluoride. Thereafter, the
structure is thermally oxidized to forma silicon dioxide film®66 of a
thickness of 1 [err]mfor exanple, (this figure indicates a filmthickness
satisfactory for the protecting film over the entire exposed surface

thereof. This silicon dioxide film®66 is used as a protecting
filmagainst ink (Fig. 9(e)). 35 "~ During the course of the

ani sotrqpi c etching process of the silicon single-crystal substrate
vertically oriented in (110) till an intended pattern is fornmed, the
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vertically orlen
means, whlch partition the pressure generating chambers 48,

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
adjacent preSéure generating chambers 48. Provision of the
narrow spaces 110 effectively prevents the cross talk.

In Figs.34a . and 34b, there is shown another spacer
adaptable for the second émbodiment 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
ai:. | |

_With this structure, the narrow spaces-llo afe not
cloégd by the nozzle plate 1 and the vibrator plate 10.
Accordingly, the partition Qalls 111 and 112 are undeformable
under ambient temperature variatién.

In this instance of the embodimént, the narrow spaces
110 defined by the partition wallé 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. 35a and 35b are plan views showing etching
patterns for manufacfﬁring the spacer 4 structured as mentioned

above by etching ‘a silicon single-crystal substrate of the



oriented in (111) as shown in Fig. 11. In order to actively wuse this
nature, as shown in Fig. 12(a), an approximately 1/2 region of the path
hole 5 for the pressure generating chanber where it faces the nozzle
opening is fornmed 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 bl ade-li ke pattern 81, extended to the path hole 5, is fornmed 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 t3greof, which is in line with the '
wal | 5a of the path hole 5. Further, blade-like patterns 82 and 83 are
formed on the inner sides of .the path hole 6 for the reservoir in a state
that these paysealdographdc amriki 210/t byt ba aalisstFapied etchingt methold .
supply path 7, respectively. During the anisotropic etching
process thaFigs 3% ristwbwsowtn wsiohg.nghpaitgrimpepather agdehaf tbemsdlicont he
stage of formng the path hole 5, the etching progresses on the edge 80b
of the etchshggperceyntad subatgavercmirich chedmidge 55 dfs formed, and
Fig. 35b shows an etching pattern on the side thereof on which
a space is provided above the bridge 95 so as to secure the
free flow of ink in the pressure generating chamber 48. In
Figs. 362 and 35b, the hatched areas indicate etching
protecting films.
In Fig. 35a, reference numerals 120a and 120b 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.35b . referenée 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 -121a 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 singlefcrystal substrate.
Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-
crystal substrate (Fig. 35a ). 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.



the path hol e because the etching pattern 80 includes the edge

22 80b. The etching progresses to reach the region facing the nozzle
openi ng, so that the nozzle opening 2, and the walls 5a, 5b, 5f, and 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 junction 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 [nk fromstaying the inlet and
outlet of the ink supply path as a narrOM/ggth for ink flow Wth this, a

fluid resistance proper for the ink sugglx path is secured.
Windows 123a and 3b for the path holes 6 of the

reservoirs are formed closer to the ink supply paths to the
. pressure generating chambers. The windows 123a aﬁd.123b are
connected to the windows 120b and 120d.for forming the pressure
generating chambers 48 by narrow windows 1l24a and 124D,
réspectivelyu These narrow windows 124a and 124b are for
etching the péth holes 7 for the ink supply paths. ' Etching
prote;ting patterns 125 are used for checking the progress of
an excessive etching into reiatively narrow spaces, which is
caused by the edging effect in the anisotropic etching process.

of those- windows 120a fo 120d for the pressure
generating.chambers; the windows 120a and 120b on one side of
the silicon single-crystal substrate (Fig. 35a j are larger than
the windows 120c and 120d on the other side (Fig; 35b ) or vice
vers_a.' The . same thiné is correspondingly appiied to the
windows 124a and 124b. |

More specifically, the windows 120a, 120b, and 124a on
one side of the substrate are about 5 um larger than those
corresponding windows-lzoc, 120d, and i24b 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 ﬁroceés will be described.

A silicon Single-crystal' substrate 130 of the
crystallographic axigﬂ(IIO),.ZZO um thick (enough to satisfy

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



In the stage of etching the path hole 7 for the ink supply path, the
bl ade-1i ke patterns 81, 82, and 83, the ends of which are extended from

the walls, are first etched (Fig. 12(b)). Accordingly, in the final
etching stage, viz., an etching stage where a through-hole is forned
t hrough the etching fromboth sides and intended patterns are forned,
wall's 5d and 5e, slanted at the angle [err]1 - 30[err] to the walls 5c and
7b, are fornmed in the region or the j:ignction part of the path hole 7 where
it opens-to the pressure generating chanber. Further, walls 6b and 6c,
slanted at the angle [err]2 - 70[err] to the walls 6a and 7a, are forned
in the jupzeparedart af dilbigonhdibaliide7 fihbne 130 op£nd tgmt Rbickserfekr as
shown in Fig. 8. As aresult, the inlet and the outlet of the ink supply
path are expmpded is fiormedeon th¥ entilres sexfacdedfophei siibiconksxgpbéhl y
flows into the
crystal substrate 130 by thermal oxidation process. The 1 um
thick of the film 131 is sufficient for the £film 131
functioning as a protecting £ilm against an anisotropic etching
liquid (Fig. 36:(a)).

Photo-setting photosensitive layers are formed on the
silicon dioxide f£ilm 131 on the obverse and the reverse side of
the silicon single-crystal substrate 130. After the patterns
tf‘ig. 3%) are positioned on one side of the substrate and the
patterns (Fig. 35'c) are positibned on the other side thereof,
then the structure is exposed to light. Thereafter, the
structure is immersed into photolithography liguid. - 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.36 (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 1l3la
formed on one side of the substrate covers the silicon dioxide
pattern 131b on the other side thereof (Fig.36 (c)).

The structure is .etched in an agqueous 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



23 pressure generating chanber, fromthe reservoir, w thout generating
bubbl es of i nk. Fig. 13 is an enlarged, plan view show ng etching.
patterns of the reservoirs in the structure of the path holes 6 for the
reservoirs, in which ink is supplied fromone reservoir to two series of
the pressure generating chanbers. In this structure, the nozzles of the
series of the pressure generating chanbers are slightly dislocated from
one another. Therefore, blade-like pgdterns 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 Iap. Figs. 14a and 14b

are di agréBEréQPI Oﬁﬁn ) s 1f3gr ahQ€ 134! 30L" QPLKe &AM r?P%t: ket Ni s

pattern, a junc D e path"hole 7 io serve as an | supply
path and £ieepdh 2h9h9mﬂ§t()wfﬁﬂw@h@5 th@3sV0i51al andf AWM @8 the

narrow continuous pattern "85, A single blade-like pattern 86 is

ext ended splibenadiiskidier #30m0asOprdtedididy bl ng. t OI1ACthEsagase, the
~etching progresses from both sides of the substrate at an angleo
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'opverse and
thé révérse side of the siiicon single-crystal subst;ate 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 etéhing protecting éattern 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 fo:med path hole 135_is.defined by the
patfern 131b of which the boundary is positioned outside (Fig.
36 (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 barried-oﬁt while being defined by the
larger window 134.

| When anisotropic etching process is carried out using
a pattern with only one window 135.(Fig.35=(e)), the etching
progresses along a specific crystal axis. As a result, the:

etching progresses while being defined by the window 136,



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 bl ocked by the
narrow conti nuous pattern 85. Therefore,  an unnecessary progression

of the etching can be stopped by only one blade- 1|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 achieved by

. form ng narrow continuous _ 24
patterns 85 and 85 near to the ends of ﬂﬂe path holes 7 and 7' for the

i nk supply ‘paths and forming bl ade-1ike patterns 86 and 86' extending from

t he narrow continuous patterns in ) )
thereby to form a concavity 138 trapezoidal in cross section on

the window-formed side of the structure (Fig. 36 (£f)).
When slits are thus formed by anisotropic etching
- process using the window 136 that is formed on only one of th;
sides of the substrate, particularly only the side thereof to
be fastened to the nozzle plate 1, each of the resultant slits
is shaggd'trapezoidal in cross section as shown in Fig. 37 a.
_Aé.séen from the figure, the_opening.area of the slit that
- faces the vibrator plate 10 is small. Therefore., a large
contact area is secured betweén 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'ts'be
fastened to. the vibrator plate 10. |
In the above-mentioned embodiment, the slit is long
enough to cover the full ﬁeight of the pressure generating
chamber. However, the length of the slit may bé adjusted in
accordance with a compliance_ required for the pressure
generating chamber. If the lenéth of the pfessure 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'spaéer or the substrate by
etching process.. If'}equired, as shown in Figs. 38a and 38b,

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



alignnment with the path holes 7 and 7', as shown in Fig. 15. Therefore, if
these are displaced fromthe nozzle positions of the nozzle series, the

bl ade-1i ke patterns 86 and 86' nay be laid out in a plane w thout | apping
t hem In the above-nenti oned enbodi nent, the etching process is
stopped when the-wall 5f cones in contact with the wall 5g. However, if
the etching process is further continued, two walls 5fl and 5f2 are
additionally formed on the wall 5f, an8lthe 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 [err]8 = 152[err] to the wall 5b defining the
pressure ge&ldtst ane formedeonighezpashemns onribpthl Eides ofythd ailican
approximately 125. An angle [err]6 of the wall 5f1 (wall 5f2) to the
surface of singdesgxystal sybgEERER meTheyShits are formed byetching tde t he
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optuse angigs LindBd” A1h YA deP e fopillhg®aleds' 3" the® top tnd”’
the bottom -end of each slit are equal to each other, as shown
in Fig. 37b.

When this slit forming method by processing the
subsératé from both sides thereof by _anisotropic etching
process is applied for a case where the nozile op;nings a;e
arrayed at relatively large pitéhes, 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. 3¢. 1In thié case, of the partition walls'lli and
112 horizontallf 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.whicﬁ
the nozzle plate, the spacer, and the vibrator plate are

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



silicon single-crystal substrate, and two walls 5f1 and 5f2 connecting to
the wall 5f at the angle [err]6 as viewed in the cross sectional :
direction of the silicon single-crystal substrate. Wth this
structure, a nore snoothly flow of ink is

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 forned
pat h, which connects a path hole 90 for a pressure generating

around the nozzle openings3, a path hole 92 for an ink supply
chanmber to a

path hole 91 for a reservoir, may be formed such that walls 90c and 90d

are formed which are obliqﬂeéxiextended
and 90b nPRY t fSBFestir

ongi tudi,nal

fromthe |
e cREPSPERG HERBEALiNEY ThREAMBETT)

.S 90a
Q?QﬂZis

| ocat ed

longitudinally viewed).

The spacer made of silicon in which the pressure
generating chambers, the spacer, and the reservoirs are formed
by tﬁe path holes has been described. Another typé of the
spacer will be described.

Fig. 40 is an enlarged, perspective view showing a key
porti;n .of an ink jet printer head according to a third
embodiment of the present invention. In Fig. 40 ,' a t.tozzle
élate with nozzle opening§ 2i0a,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 sﬁppiy péths 202, and_
reservoir 203, are forﬁed by called anisotropic efching 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 fiim (not shown) in which impurity atoms are
added to silicon by thermally diéfusing 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.



substantially in alignment with the center line of the pressure generating
chanber (Fig. 18). Wth this structure, ink is supplied fromthe
reservoir to the pressure generating chanber by way of an outlet of the
ink supply path, which is defined by the walls 90c and 90d outwardly
‘expanded fromthe |locations near to the center of the end of the chanber
toward the pressure generating chanber, and walls 90e and 90f secondarily
formed al ong the crystal axis-*during the eg3ching process. Ink flows from
the reservoir to the pr.essure generating chanber nore snoothly, wthout
any stay of ink bubbl es. After the vall 5h is forned, the etching

process is further Qﬁétiﬁkegupplfh ath Qbﬂ lete&h@@guﬂhrtdﬁhapﬁd|11K§ V)
sel ectively progresses. The end of e wal | 5f closer to the

grows, so thaintbeowalhe&gxbanwaddlﬂt&h@qmumscns smspleﬁlsaaneahat e& Zhe
result, as shown in Figs. 19 and 20, six walls 5a, 5g, 5f', 5f1', 5f2
and 5b, whi chpaessareagererating thawen @S ccqumchmhcsﬁmghml;p atF]aaw

right angle to the
- resistance of the ink supply path 202 1s larger than that of

the pressure .generating chamber 201, thereby improving the
éfficiency,of forcibly discharging ink droplets. At the time
of ink expelling, the quantity of ink flowing into the kozzle
210 isllncreased, while at the same time the quantigy of ink
flqwing into the reservoir 203 from the ink.supply.péth 202 is
" decreased. The space ~ to be the pressure generating
chamber 201, contoured parallelogram, is enclosed by the (111)
faces pafallel 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 tﬁe
pafallelogram of the pressure génerating chamber 201, in oxder
to secure a smooth flow of ink and a smooth discharge of ink
bubbles. -

A method of manufacturing ‘the lnk jet printer head thus
structured wxlfr;: described. |

Figs.4] . (a) to 41 (d) show a set of diagrams showing a
sequence of stéps for manufacturing.the ink jet printer head
according to the present invention. | ‘

A silicon single-crystal substrate 200 in wﬁich the

crystal face of the surface of the substrate is vertically -

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



26 surface of the silicon single-crystal substrate, are forned around
the nozzl e opening 2. Ink smoothly flows in the 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 chanber to a path hole 91 for a reservoir, nmay
be forned such that walls 90c and 90d are forned which are obliquely
extended fromthe |ongitudinal walls#0a and 90b defining the pressure
generating charber, and the path hole 92 is |ocated substantially in
alignment with the center line of the pressure generating chanber

(Fed oobion tigerdtife §suBt!dhid idg gl ek &ML NG AR VEL T o
aqueous vapor, thereby diffusing oxygen atoms in tye surface
region of the substrate. In this embodiment, through the
thermal oxidizing process, a film 230 made of silicon oxide,
1.7 pm thiék,.was formed. The silicon dioxide'film 230 is
uSéd as a mask in.the step of anisotropic etching process to be
given later. Any of other methods than the thermal oxidel
'procegs,‘such as CVD (chemical Qapor depositién) method, an ion
implantation method and anode oxide method, may bé used for
'for_ming the film 230. The silicon substrate film may be
lreplaced 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 éubétrate.
is'preferably-o.l to 0.5 mm, mofe preferably 0.15 to 0.3 mm.
In the present embodiment, the silicon single-crystal substrate

a tThikness o& ° .
200 ofk0.18 mm was used.

Resiﬁ:resist is applied to the silicon single-crystal
substrate, thereby forming a pattern thereon. The silicon
oxide film 230 is selectively etEhed away using acid etching
liquid, 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
procéss step appears on the substrate as shown in Fig.4; (a). "

A window 231 is a location for the pressure generating chamber



generating chanber by way of an outlet of the ink supply path, which is
defined by the walls 90c and 90d outwardly expanded fromthe |ocations
near to the center of the end of the chanber toward the pressure

generating chanber, and walls 90e and 90f secondarily formed al ong the

crystal axis during the etching process. Ink flows from the
reservoir to the pressure generating chanber nore snoothly, w thout any
stay of ink bubbles. The abov&2nenti oned spacer has such a

structure-that the path holes 5 for the pressure generating chanbers the
path holes for the ink supply paths and the Path holes 6 for the
reservoi rs 20le fRPomwigdiawn 23 itshian lsidatdeom sfow| therisk asuppbyt path 202.
approximately 220 [err]mthick. In this structure, the substrate :

27 A window 233 is a location for the reservoir 203.

The silicon single-crystal substrate 200 is etched by
anisotropic etching process, using an etching liquid in which
the 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
etching process ends in a state shown in Fig. 41 (¢) through a
state shown in Fig. 41 :(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 (1l1l1) 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 aqueéus solution containing sodium hydroxide



I s segnented at | ocations near the path holes for the pressure generating
chanbers. Accordingly, the upper side of the substrate is easily slid
agai nst the | ower side thereof and vice versa. Wth this structure, when
the spacer is inserted bet ween the nozzle plate 1 and the vibrator plate
10, and those menbers are bonded together, those path holes 5 and 7 are
frequently defornmed. In other words, the walls defining the pressure
generating chanbers are extended in a cafiil ever fashi on. When t he spacer
i's bonded to other retated nenbers, the walls are easily bent. [If the
wal | s are bent, the path holes 7 for the ink supply paths are deforned.
Fig. 22a is of ppGnwgtews shkeptgath80srCuct The afesul saetestnbettrai wast agds
the deformation of the path holes for the pressure generating chanber 48

and the pat shmyresiy Rig. thle{c) nk supply paths. This undefornmable structure
I's applied for the above-nentioned spacer structure of the type in which

seven walls are fodheBartbtibent Maldoz234a ppaepending Fagon2dthe svertjcal

V|eM/shomnn% relatlve positions of the pressure generatlng
faces, for partltlonlng the spaces 20la to be the

pressure generating chambers 201 and the spaces 202a to be the
ink supply paths, and a partition wall 234b for paftitioning
the spaces 202a to be the ink supply paths and the spacé 203a
to be tﬁé reservoir are removed by an isotropic etchinq liquid,
.such as an aqueous solution of ‘fluorine oxide. _Tﬁe silicon
‘oxide £ilm 230 is also removed in the etchihg 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.
vibfations, in place of the isotropic etching liquid, may be
used for removing the parti%ion walls 234. |

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

With provisigh of the partition walls 234 (234a and

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



chanmber 48, the nozzle opening 2, and piezoelectric vibrating elenents 30
of the spacer. Fig. 23 is an enlarged view show ng the configuration
.of a path hole form ng the pressure generating chanber and its rel ated

. portions. As shown, a path hole 5 form ng a pressure generating chanber
48, a path hole 6 formng a reservoir, and a path hole 7 form ng an ink

. supply path are formed in a silicon single-crystal substrate
~vertically oriented 'in (110), the47thickness of which is

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

hole 7. elimindB8dbin Wl iy BREhAngOat the Pbte P! dhd Fed ¥t ¥t
the parallelogram that secondarily occurs in the anisotropic
etching process. As a result, the spaces 20la and 202a can bQ.
- shaped as desired.

It is noted that the ink supply paths 202 and the
pressure generating chambers 201 are. integrated into a s}ngle
part (silicon single-crystal substrate 200). With this
struc.tur‘e, the precise shaping as one .of the advantageous
features of silicon is well uéed 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 tolerab;e range within which the
etching conditions may be varied in the anisotropic etch;ng
process is broad. Extremely stable products can ‘be
manﬁfadtured.

Fig. 42 - 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 provide& 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 aﬁa a smooth discharge of ink bubbles are

ensured.



angles [err]9 126[err] and [err]10 = 55[err] to the walls of the path
hole 5, which define the pressure generating chanber. The cross
sectional structure of the bridge 95 is shown in Fig. 24. As shown, it is
a triangle of which the bottom95c lies on the side of the substrate to be
in contact with the nozzle plate. A slanting surface 95a of the bridge 95
Is slanted so as to increase the cross section of the pressure generating
chanber toward the nozzle opening 2, 48d at an angle [err]11 (about
35[err]).to the surface of the nozzle plate. Anot her sl anting
surface 95b is slanted toward the ink supply path 7 at an angle [err]12
(approxi mately 35)Fiign t{gisoazperspeetive view shovliagaagkeyoporbionrofige
95 at its vertex is an obtuse angle, approximtely 110. Therefore, the
bridge 95 amauisds jet poimnter dieadkacoorténgr ¢osar £yt ntembpdinenterof and
hence does not inpede the flow of ink therein. The height h of the bridge
95 i s sel edeed preseatsud¢hventibne as Spaces | 2Péaec whichf | swbstantiablyl as
to secure a satisfactory strength of the :
determine the volumes of the nozzle openings are also formed
iike the spaces 202a of the ink supply paths 202. The nozzle
openings 204 are located on @ peripheral edge of the silicon
single-crystal substrate 200. The ink jet printer head of this
- So- .
embodiment is a,called edge ink jet printer head. Since a
plural number 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 means,
'such as a rotary grinder.

As described above, the plural number of the ink supply
paths 202 cah.étably be manufactured so as to have a desired
flow resistance.. Those .ink supply paths,.togeﬁher with the
pressure genefating chambers 201, can be formed in the silicon
single-crystal subﬁtrate.ZOO. 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 fragile.



suitable for form ng eneratl ng chanbers wi-th.the

29  bridges 95. An cting pattern 96 def THIb nyiit:feH “bcﬁtt@rp
95c of thﬁ %){ dsdge 95 is forrred in a |locaf®on (facing the nezel mropeni ng of
the path [fofe 5) on the etching pattern 80 defining the~vd’rot~~e~pfess~u1'~e~
gener at i ngirchamwbink” jett peipseri head cawpmics dsga sl anting side thereof
facing the vibrator plate 10, patterns 99 and 100, which are relatively

harrow when ‘:‘;aaaat-ed(wthzabze em&ma:.aqot patdhng Heltder n{ D6, e fowmed in
the | ocations near to the center | ipe ofg g etChLJgﬁ patot%rreon%qnucagese

bridge. The hei ght of the br| d eis pren "LH Hu t hi ckness t of
t he spacer. tH ﬁEﬁE are ching patterns

narrow pat TR NG PLEF SHRP FGRACMRTgR
to nozzle openings (2, 210a, 204), ink supply paths (104,

202), and reservoirs (203);

a cover member (L, 210) for _sealingly covering the

pressure generat:ing' chambers (48, 201); and

p:essu:e generating means (30) for generat:.ng pressure in
the pressure generating chambers (48, 201) in accordance
with print data

wherein partition wa. 1ls (111, 112) fer nar"it.t.cn-ng the
pressure generating chambers (48, 20l) are provided,
separated from each other by a space (110} in the Zomm of
a slit (114), and each of them having such a thickness as
"tc be resiliently deformable when a pressure is applied
for ink discharge.

2'. The ink jet printer head according to claims 1 , wherein
the slits (114) are formed from one side of a silicon
single-crystal substrate (60, 72, 130) by anisotropic
etching process, the cross section of each of. the slits
(114) is trapezoidal in shape.

3. The ink jet printer head according to any one of the claims
1 to 2', wherein each of the slits (114) is formed between
the adjacent pressure generating chambers (48, 201).

- 4 . The ink jet printer head according to any one of claims 1
to 3 -, wherein the slits (114, 115) are opened to the air.

§. The ink jet printer head according to any one of claims 1
to 4 , wherein the opposed walls (111, 112) of each of the



ot her. An etching protecting pattern 97a, shape
ext ended on one of the boundaries of the etching protect d,r““ﬁm"'lﬂﬂﬂﬂlln
parallel with the wall 5a of the path hole 5 for the ptessure genera
chanber. An etching protecting pattern 98a, shaped I|ke a bl ade, is
extended fromthe wall 5c of the path hole 5 toward the path hole 5. The
wal | 5c faces the wall 7a of the patdy hole 7 in line with the wall 5a of
the path hole 5 for the pressure generating chanber (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,
I's horizontally extended. The |left side of the straight pattern is

desi gnated by reference nuneral 97b, while the right side thereof, by
numer al 98b. These narrow patterns 97b and_98b, which serve ag etching

prot ect i ngPEPEFEER ngengratisgarbanberse dithdi 2911 02FRe CRANEGRSE: _
protecti ngpppiger neaféa (@%) fsrmed at a part of the path hole (5,

90) forming the pressure generating chamber (48, 201).

6 . The ink jet printer head according to claim 1 to 5 ,
wherein the spacer (4, 200) includes a main area (4a)
containing the path holes' (5,7) for forming the pressure
generating chambers (48, 201) and the ink supply paths
(104, 202) and a peripheral area (4b) containing the path
holes (6) for the reservoirs (203) and a partition wall
(105) is formed traversing the ink supply path (104) for
receiving Lnk.



30 ' The silicon single-crystal substrate vertically

oriented in (110) with the etching protecting patterns thus formed is
etched by the anisotropic etching nethod. The et ching progresses al ong
the (111) face slanted at an angle of approxi mately 35[err] to the

obverse and the reverse side of the silicon single- cﬂy$takHsaﬁ§rra§e- S
descri bed above (Fig. 27(a)). In ag gt age where the et‘chl ngr,, f&i’?
fromthe obverse and the reverse side of the substraﬁewmp gds intp
the substrate, viz., the etching depth reaches about the hal f of the

t hi ckness’ OENkhQEQ'UbRtImt gEhbi AND2Z( MErHODh ©Fe SERUBRACTUR ING! TEIES SAMENY

pattern 80 grows in the direction substantially vertical to the (110)
face of the silicon single-crystal Substrate (Fig. 27(c)).
' . ABSTRACT

An ink jet printer head includes a spacer (4) including
pressure generating chambers (48) continuous to nozzle-
.openings (2), ink supply paths and reservoirs, a cover
member for covering the pressure generating chamber (48)
. in a sealing fashion, and pressure generating means'(BOjr
for generating pressure in the pressure ‘generating
chambers (48, 201) in accordance with print data. In
process;ng 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 formlng a pressure generating
chamber (48), which are 1located 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 péths{ 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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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
angl e 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 ditection 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 substantially

vertical to the obverse and the revef%?[iéide7of the silicon single-crysta
substrate so as to shorten . . 31




the regions. Wth these patterns, the etching reaches the boundary of .
.t he etching protecting pattern 96. Then, the etching progresses so that
the surface slanted at the angle of 35[err] to the surface of the silicon
single;crystal substrate is left, as in the previous case (Fig. 28(b)).
The etching reaches the narrow etching protecting patterns 99 and 100, and
further progresses. Then, the“etching prQtecting pattern is bifurcated
into two patterns. Wth the bifurcationé: the etching advances toward
the walls 5a and 5b, while the etching advances in the sane direction as
that of the etching protecting patterns 97a, 97b, 98a, and 98b (Fig.
28(c)). As recalled, the na tch4ng protecting patterns 99
and 100, which formthe ridge of th ge‘z?iangular in cross section,
are not aligned with each other.  Accordingly, an edge part where the
(111) faces intersect is fornmed, thereby preventing the formation of

a vertical wall. If the etch'n%pr ecti ng patter 99 and 100 ar’e
aligned with each other, 86Wa|| [%f vvh'lclth%Kcr%s't% \ace;S :
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(111) is wvertical which resenbles in shape the etching protecting
patterns 99 and 100 is fornmed. This wall segnents the pressure generating
. chanber into two sections. After the etching protecting patterns 99
and 100, which are fornmed on the vibrator plate side, disappear, the
etching 1is further continued. Then, a bridge 95 is forned in which the
sl anting surfaces 95a and 95b of the ((111) faces, slanted at about
35[err], intersect when viewed in cro¥s -section.

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

bridge is etched to be flat. ;gnf?erzgthe et chi ng




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 determined by the timng of the Stop of the
et chi ng process. In the above instance, the bridge 95 is fornmed
across the path hole 5 to be the pressure generating chanber 48. |f
required, it may be formed across the path hole 7 to be the'ink supply
path, as shown in Fig. 29. As shown, a bridge 102 triangular in cross
section is fornmed across the path hole 7. A nmethod simlar to that used
for formng the bridge 95 may be used for forning the bridge 102.

Al'so in this instance of the enbodi IIs 7a and 7b of the path
hol e 7 -are supported by the bridge 2827 B se 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.
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33 An ink jet printer head according to a second

of the present invention will be described with

reference to Fi

enbodi nent
gs. 30 and

. 31. As shown, in the ink jet printer head, pressure generating chanbers 48

are partitioned by unique chanber "partitioning

means. The ch

anber

partitioning means consists of a narrow space 110 defined by a coupl e of

very thin partition walls 111 and 112

jet printer head is illustrated in Figs. 32a and 32b . As shown,

A spacer used f

or the ink
t he

narrow spaces 110 partitioning the pressure generating chanbers 48 take
the formof slits 114. Each slit 114 is extended fromthe ink

path 7 to a | ocation beyond the nozzl e opening 2.

FIG. 7 a
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t he enbodi nent, the partition walls 111 and 112 of the chanber

partitioning neans are 15 [err]mthick. The 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 chanber 48 in a state that it connects
the partition walls 111 and 112 of the adjacent chanber partitioning
means, as shown. The bridge 95 is located at the central part of each

34 pressure generating chanber. 48 when viewed in the |ongitudinal
direction of the chanber. 6




The bridge 95 is located on the side of the spacer 4, closer to the nozzle
“plate 1, and spaced fromthe vibrator plate 10 at a fixed distance.

Pr-ovi sion 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 falling toward the narrow space 110yjor the pressure generating
“chanber 48. In this enbodinment, the height fromthe base of the triangle
(of the cross section of the bridge 95) to the vertex is approximtely 70
[err]m In the ink jet printer head thus constructed, the
pi ezoel ectric vibrating elenments 30, which vibrate in a |ongitudinal
vi bration node, are fastened at the first ends of the pressure generating
chanbers 48 and attached at the second ends thereof to the isIanQﬁ 11 of
the vibrator plate 10. -Drive signals based on print data are appljed to

the print hea r oRse to t : 3 éo
vibrating el m.s Sﬁ(&i tudi np[| Xpa o;c%;e;g jh; ;e;s;y /
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generating chanbers 48 to cause pressure in the chanbers. The
pressure generated expands the pressure generating chanber 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

nozzl e openi ng 2. . 35 The
narrow spaces .110 of the chanber partitioning nmeans, which partition the
pressure generating chanbers 48, absorb the defornmation of the partition

wal I's 111 and 112 defining the narrow spaces 110, thereby bl ocking the
transfer of the displacenent of the partition walls 111 and 112 to the
adj acent pressure generating chanbers 48. Provision of the narr ow spaces
110 effectively prevents the cross talk.

FIG. 10
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In Figs.34a and 34b, there is shown anot her 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 spac®s 110 are not closed by the nozzle
plate 1 and the vibrator plate 10. Accordingly, the partition walls 111

and 112 are undefornmable under anbient tenperature variation. - In
this instance of the enbodi nent, the M/sriaes 110 defined by the
partition walls 111 and 112 are connett lo eW@econd slit 115 | ocated
at one end of the spacer 45 If reguired, theseqnarr spaceg,110c0r the
slits 114 may directly be 8pened tp the air jat th ends of e spacer
I ndi vi dual l'y. Fi 35a apd 35b n vigws show ng /fetching
patterns for manuf ' st ruct | pnied
-~ ﬁ
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above by etching a silicon single-crystal substrate of the

36 crystall ographic axis (110), by an ani sotropic etching nethod. Fig.
35a shows an etching pattern on the side of the silicon si ngl e-crystal
substrate on which the bridge 95 is forned, and Fig. 35b shows an etching
pattern on the side thereof on which a space is provided above the bridge
95 so as to secure the free flol of ink in the pressure generating
chanber 48. In Figs. 3ba and 35b, the hatched areas indicate .

et chi ng protecting filns. 35a reference nunmerals 120a
and 120b indicate w ndows for dequqgg zp areas to secure spaces for
the pressure generating chanbers 4 n one e of the silicon
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single-crystal substrate. In Fig.35b , reference nunerals 120c and 120d
al so indicate windows for defining etching areas to secure spaces for the
pressure generating chanbers 48 on the other side of the silicon
single-crystal substrate. A protecting film1l2la for protecting an area
corresponding to the bridge 95 against the etching is forned between the
w ndows 120a and 120b. A snmall protecting film 121b for resisting the
etching.to a certain degree is forqed i'n the etching pattern on the other
side of the silicon single-crystal "substrate. Narr ow wi ndows 122a
and 122b are fornmed in the etching pattern on the nozzle opening side of
the silicon single- crystal substrate (Fig. 35a). The narrow wi ndows 122a
and 122b ranges. between the wi ndows 120a and 120b for forming the slits
114 each defined by the partition walls 111 and 112.

FIG. 16
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37 W ndows 123a and 123b for the path holes 6 of the reservoirs
are formed closer to the ink supply paths to the pressure generating
chanmbers. The w ndows 123a and 123b are connected to the w ndows 120b and
120d for formng the pressure generating chanbers 48 by narrow w ndows
124a and 124b, respectively. These narrow wi ndows 124a and 124b are for
etching the path holes 7 for the ink 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. - O those wndows 120a to 120d '
for the pressure erati/ng chanbers, the wi ndows 120a and 120b on one
side of the silicon sin crystal substrate (Fig. 35a, are larger than

t he wi ndows .120c and 12 ot her s¥de (Rpg. 35b ) or vice versa.

The. same thing is corre pondin'ly Di It&Lt
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) 7 |
o

-l
i

FIG. 17

th ——
S—P a-a




w ndows 124a and 124b. More specifically, the w ndows 120a, 120b,
and 124a on ‘one side of the substrate are about 5 [err]mlarger than those
correspondi ng wi ndows 120c, 120d, and 124b on the other side thereof so
that the former wi ndows can cover the |atter ones when those w ndows are
erroneously positioned in the stage of printing the etching patterns.

An ani sotropic etching process wll descri bed. A silicon
single-crystal substrate 130 of tHe crystallographic axis (110), 220
[err]mthick (enough to satisfy the thickness required for the spacer),
for exanple, is 38 prepared. A
silicon dioxide film

rrlmthick, for

"o\‘\"‘-
S
(=)
O
T~
~ '
Ty K—t—
m._
& P 5 5
P——
o




exanple, is formed on the entire surface of the silicon single- crystal
substrate 130 by thermal oxidation process. The 1 [err]m thick of the
film131 is sufficient for the film 131 functioning as a protecting film
agai nst an ani sotropi c etching liquid (Fig. 36 (a)).

Phot o-setting photosensitive |layers are formed on the silicon dioxide film
131 on the obverse and the reverse side of the silicon single-crystal
substrate 130. After the patterns {4Fig. 35) are positioned on one side of
the substrate and the patterns (Fig. 35c) are positioned on the other side
thereof, then the structure is exposed to |ight. Thereafter, the
structure is imersed into photolithography |iquid. The exposed areas,
i.e., the areas in which path holes are to be formed, on the substrate are
di ssolved to formthe wi ndows 133 and 134 since those areas are not
hardened (Fig.36 (b)). In this state, the structure is etched
usi ng hydrogen fluoride liquid. The silicon dioxide filnms 131 within the
wi ndows 133 and 134 are renoved. -

FG 19
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As descri bed above, the silicon dioxide pattern 131a forned on one side of
the substrate covers the silicon dioxide pattern 131b on the other side

thereof (Fig.36 (c)). The structure is etched in an aqueous
solution of potassi um hydroxi de of approximately 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 .

39 corresponding to the mﬁndoms,lSi and 134 are etched away at the
rate of 2 [err]mmn., with the patte Es 131a and 131b of the silicon
dioxide filmas protecting filns. In this case, the et chi ng progresses

fromboth sides of the substrate at ngl of approxinmately 35 to the
surface of the substrate, viz., in /EZ[; 2?(7




the direction vertical to the crystallographic axis (111). The
patterns 131a and 131b forned on the obverse and the reverse side of the
silicon single-crystal substrate 130 are sized such that one pattern
covers the other patter, viz., the boundary of the etching protecting
pattern defining a position of the wall is positioned at a | ocation
outside the boundary of the etching protecting pattern that is |ocated
agai nst the forner etching protecting déttern in a mrror image 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. 36 (d)). For this reason, even if the
alignnent 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 a pattern with only one w ndow 136 (Fig.36 (e)), the etching
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progresses along a specific crystal axis. As a result, the etching
progresses whil e being defined by the wi ndow 136,

40 thereby to forma concavity 138 trapezoidal in cross section on t he
wi ndowformed side of the structure (Fig. 36 (f)). When slits are
thus forned by ani sotropic etching process using the window 136 that is
formed on only one of the sides of thejpubstrate, particularly only the
side thereof to be fastened to the nozzle plate 1, each of the resultant

slits i s shaped trapezoidal in cross section as shown in Fig. 37 a. As
seen fromthe figure, the opening area of the slit that faces the
vibrator plate 10 is small. Therefore, a large contact area is secured

bet ween t he spacer and the vibrator
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pl ate 10 which receives force fromthe piezoelectric.vibrating menber s at
the time of ink expelling. Further, nmechanical - 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-nentioned enbodi nent, the slit is long enough to cover the
full height of the pressure generating chanber. However, the length of the
slit may be adjusted in accordance vi& h -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. If required, as shown in Figs. 38a and 38b, narrow w ndows 122a
and 122b, and 122c and 122d for form ng the

FIG. 23




41 slits are fornmed .on the pat
single-crystal substrate. The sl
single-crystal substrate from bo
this case, the opening areas of
are equal to each other
form ng nethod by processing the
- ani sotropic etching - process is
openings are arrayed at relativ
conpl i ance as i ntended.
partition walls horizontally de
uniformin thickness. However,

as shown

terns on both sides of the silicon

its are formed by etching the silicon

th sides thereof using the w ndows. In

the top and the bottomend of each slit
in Fig. 37b. When this slit

substrate from both sides thereof by
appl i edigor a case where the nozzle

ely large pitches, it is easy to obtain the
In the above-nenti oned enbodi nent, the

fining the pressure generating chanber are

t he narrow spaces 110 may be
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constructed deviated to one pressure generating chanber as shown in Fig.
39. In this case, of the partition walls 111 and 112 horizontally defining
the pressure generating chanber, the partition wall 111 takes the charge
of the conpliance. In the above-nentioned enbodi nents, the
so-called face ink jet printer head in which the nozzle plate, the spacer,
and the vibrator plate are stacked onﬁ on anot her, has been discussed. It
is evident that the present invention E 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 42
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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 formed by the path
hol es has been descri bed. Anot her type of the spacer will be descri bed.

Fig. 40 is an enl arged, perspective view showing a key portion of an ink
jet printer hHead according to a thirdl enbodi mrent of the present invention
In Fig. 40 , a nozzle plate with nozzle openings 210a, a spacer 200, and a
vibrator plate 211 are stacked to formink flow paths. The spacer 200 is
made of a silicon single-crystal having the crystal face vertically
oriented in (110). Spaces which substantially determ ne the vol unes of
the ink flow paths of pressure generating chanbers 201, ink supply paths
202, and reservoir 203, are fornmed by called anisotropic etching process
using an-etching liquid in which an etching rate depends on the crystal

orientation. Thesunface Pﬁ.each ik pathlh% trenper ed
1 ) i1

— — — =

~

e G v - —

~

N TEEET

R
I ':ll
! F 1
:‘ lli' T
&S it H'l [
~ 1
o T{ ll:l
L'y )
I 8 = &
€7 I\ n
o
%ﬁ A& &K
LY
i .
« :I 1y -
o [l | n—{
‘c;‘—""‘ 1! Iy
| ]
| L3R X |:
NIRRT i
I
o _| ; IIP. ::
mn=—p | 11 |l N\
i | !
| | 11
I ':l ";
J I
J 1 Y

1

l
I
1

FIG. 29

Y
L]

FIG. 28 b
FlG. 28 ¢

FIG. 28-3°
FIG. 28 d



by a protecting film (not shown) in which inpurity atons are added to

silicon by thermally diffusing oxygen atons, thereby inproving the

resi stance properties of the ink path against ink and the affinity thereof.

with ink. The protecting filmis not essential to the present invention.

When ink used is properly selected or adjusted, there is no need of using

the protecting film _ . 43

- The ink supply path 202 is triangul ar (?Eaped like V) in cross section,
and its volune is smaller than that of e pressure generating chanber 201

contoured rectangularly. Flow resistance of the ink supply path 202 is

| arger than that of the pressure generating chanber 201, thereby inproving
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efficiency of forcibly discharging ink droplets. At the tinme of ink
expelling, the quantity of ink flowng into the nozzle 210 is increased,
while at the sane tine the quantity of ink flowing into the reservoir 203
fromthe ink supply path 202 is decreased. The space to be the
pressure generating chanber 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 <11 0> axis. The space for the ?ik.supply path 202 is |ocated at
the acutely angled corner of the paralt®elogramof the pressure generating
chanber 201, in order to secure a snooth flow of ink and a snooth

di scharge of ink bubbles. "A nmethod of nmanufacturing the ink jet
printer head thus structured will be descri bed. Figs.41 (a) to
41(d) show a set of diagrans showing a sequence of steps for manufacturing
the ink jet printer head according to the present invention.
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A silicon single-crystal substrate 200 in which the crystal face of the
- surface of the substrate is vertically oriented in (110), is heated at 900
~to 1100 [err]C, and placed in 44
hi gh tenperature gas of oxidizing agent, such as oxygen or aqueous vapor,
t hereby diffusing oxygen atons in the surface region of the substrate.
In this enbodi nent, through the thermal oxidi zing process, a film 230

made of silicon oxide, 1.7 [err]mthick, was fornmed. The silicon
dioxide film230 is used as a nmask i24 the step of anisotropic etching
process to be given later. Any of other nethods than the thermal oxide

process, such as CVD (chem cal vapor deposition) nethod, an ion
i npl antati on nmethod and anode oxi de net hod, may be used for

FIG 33
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formng the film 230. The silicon substrate filmmay be repl aced by a

silicon nitride film a called p-type silicon filmadded with boron or

galliumatons, or a called n-type si.licon film added with arsenic or
The thickness of the silicon single-crystal

anti nony atons.
substrate is preferably 0.1 to 0.5 mm nore preferably 0.15 to 0.3 mm In
the present enbodi nent, the silicon single-crystal substrate 200 of a

t hi ckness of 0.18 mm was used. Resin resist is applied to

the silicon single-crystal substrat?®, thereby formng a pattern thereon.
The silicon oxide film230 is selectively etched away using acid etching

| i quid, such as an aqueous sol ution of fluorine oxide. After the
resin resist is renoved, 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.41 (a). A window 231 is a location for the pressure

gener ati ng chanber
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45 201. 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-crystal 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 hydroxide
or an aqueous sol ution of potassi um hydroxide. The anisotropic etching
process ends in a state shown in Fig. 41 (c) through a state shown in Fig.
41 (b). Specifically, the (111) f vertical to the (110) face of the
surface of the silicon single-crystal substrate 200 and the (111) face
slanted to the sane appear in the wndow 231 after it undergoes
the anisotropic etching process. A slanted (111) face appears also in-the
W ndow. The ani sotropic etching process is further
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continued. Then, the slanted (111) face di sappears and a. vertical (111)
face appears. Through the above process steps, spaces 20la each of
whi ch substantially determnes the volune of a pressure generating chamber
101, spaces 202a each of which substantially determ nes the volune of the
i nk supply path 202, and a space 203a which substantially determ nes the
vol ume of the reservoir 203 are formed while being partitioned by vertical
(111) faces 234. I n the presep? enbodiment, for the anisotropic
etching, the silicon single-crystal substrate 200 was i nmersed for about
90 m nutes in an aqueous sol ution contai ning sodi um hydr oxi de

46 of 20 wet. % kept at 80 [err]C. The resultant structure was as:
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shown in Fig. 41(c). A partition wall 234a, depending 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 i nk supply
paths, and a partition wall 234b for partitioning t he spaces 202a to be
the ink-supply paths and the space 203a to be the reservoir are renoved .

by an isotropic etching |iquid, such as an aqueous sol uti on of fluorine
oxide. The silicon oxide film230 is also renpoved in the etching process
usi ng the isotropic etching liquid. The etching rate in this etching

process is substantially equal to?8 hat in the etching process for the
silicon single-crystal substrate 200. Accordingly, the t hi ckness of the
partition walls 234 is set at 1.7 [err]m equal to that of the silicon

oxi de film 230. | npact by ultrasonic vi brations, in place of the
isotropic etching liquid, may be used for renoving the partition walls
234. Then, a protecting film (not shown) is forned for obtaining

a desired resistance properti esﬁ}GhGBi ‘r,}k pat h
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against ink and a desired affinity thereof with ink. The type of the
protecting filmto be forned and the neans for formng the protecting film
are the sane as those in the step for formng the mask pattern 230. It is
suggestible to forma silicon oxide filmby the thermal oxide process.

Wth provision of the partition walls 234 (234a and 234b) for partitioning

t he spaces 20la and 202a, there is - 47
el i m nated an excessive etching at tdge acutely angl ed corner of t he
paral | el ogram that secondarily occurs in the ani sotropic et chi ng process.

As a result, the spaces 20l1a and 202a can be = shaped as desired.
It is noted that the ink supply paths 202 and the
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pressure generating chanbers 201 are integrated into a single part
(silicon single-crystal substrate 200). Wth this structure, the
preci se shaping as one of the advantageous features of silicon is well
used to provide uniformdischarging characteristics of the ink paths and

| ess variation of the product 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 may be varied in the anisguropic etching process "is broad.

Extrenely stable products can manuf act ur ed. Fig. 42 is a
perspective view show ng a key Ezﬁ;an ink jet printer head
according to yet another enbodi e present invention. In this

enbodi ment, each pressure generatlng chanber 201 is provided with a
plural nunber (two in this enbodinez ) of ink supply paths 202. Spaces
202a to be the ink supply paths 202 re respectlvely | ocated the acutely
and obt usel Yy [OT f—ttre ot or-ed ogtamot
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201la to be the pressure generating chanber 201. Wth this, a snooth flow
of ink and a snooth di scharge of ink bubbles are ensured. '

48 Fig. 43 is a perspective view showing a key portion of an ink
jet-printer head according to a further enbodi nent of the present
I nvention. Spaces 204a which substantially determ ne the volunes of

the nozzl e openings are also forned Ii%e_the spaces 202a of the ink supply
pat hs 202. The nozzle openings 204 arg l~ocat ed on a peripheral edge of the-
silicon single-crystal substrate 200. The ink jet printer head of this
enbodi ment is so-called edge ink jet printer head. Since a

FIG. 40
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pl ural 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 described above, the plural nunber of the ink supply paths 202 can

stably be manufactured so as to have a desired flow resistance.. Those
I nk supply paths, together with the essure generating chanbers 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 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 formed therein is realize@g3al tpyugh the2silicon of thggsilicon
faagil q. .

single-crystal substrate 200 is
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C ains: - An ink jet printer head conprising: a spacer (4, 200)

i ncluding path holes (5, 90) for form ng pressure generating chanbers
(48, 201) continuous to nozzl e openings (2, 210a, 204), ink supply paths
(104, 202), and at | ast one reservoir (203) ; a cover nenber (1,

210) for sealingly covering the pressure generating chanbers (48,
201); and pressure generating 3ns (30) for generating pressure in

the pressure generating chanbers (48, 201) in accordance wth print data
wherein partition walls (111, 112) for partitioning the pressure '
generating ¢ rq% 48,, 201) are provided, separated from each
other by a s (11 I n t?e éfrnlof a slit (114), and each of them
havi ng such a thickness as 022023} r e iliently deformabl e when a pressure
is applied for ink discharge. } . e ink jet printer head according to
claims  , wherein
silicon single-cry
et chi ng process,
trapezoidal in s

1 by ani sotropi ¢
410 (114) is

2102

A6 43




3. “FRe--ink jet printer

I's formed between

8”«‘? X TPos

head according to any one of the clai
mherelnleach of the slits (114) t he adfs Zhu&pkﬁg§ﬁre

generatlng chambers (48, 201).
any one of clains 1 to 3,
the air.

to'4 , wherein the opposed wal l

4 The ink jet printer

head according to

wherein the slits (114, 115) are opened to

s (111, B12) of each of th

5. The ink jet printer head according to any one of clains 1

50

bri dge means (95) formed at a part of the path hole (5,
pressure gener a§) FOSERMRAPING PARTITEONWALLS SECURING COMPLIANCE

pressure generating chanbers (48, 201) arefﬁﬂhAGQWE%TﬁyE%r

The present invention relates to an ink jet printer

head , a method of manufacturing an ink jecr printer head and

a method of processing a silicon single crystal substrate in

use with an ink jet printer head.

An ink. jet pridter 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

the number of nozzle

reduced. For high speed printing,

opepings must be increased. Particularly, in the printer héad
of the type in whiéh 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 thg 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 th;ckness of the wall partxt;onlng the

10 Caéed .....
. lo pﬁ"”d

RECEIT m‘ﬂ[wﬂ
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...............

90) form ng the



6 ~-Jhe ink jet printer head accordi ng to claimi1 {65 Wwherein the

spacer (4, 200) includes a main area (4a) . .cont Ihmng F*ggt»h—_hg“es
(5,7) for foriming the pressure generati.ng chanfjers Bﬁﬁ[d t he
i nk supply paths (104, 202) and a peripheral are Dai ning the
pat h holes (6) for the reservoigs (203) and a partition walT" (105)

is-formed traversing the ink supplyggath (104) f%rE.PMCEhﬁﬁeﬁéMtﬁlg I nk.

SLIT SEPARATING PARTITION :WALLS SECURING ‘COMPLIANCE

“ ABSTRACT
An ink jet printer head includes a spacer (4) including
pressure generating chambers (48) continuous to nozzle-
openings (2), ink supply paths and reservoirs, a cover
member for covering the pressure generating chamber (48)
- in a sealing fashion, and pressure generating means '('30)
for generating pressure in the pressure generating
chambers (48, 201) in accordance with print data. In
process:.ng 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 wicinity 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 axre substantially equally
distanced from the nozzle opening (2). A smooth flow of
ink is ensured.

FIGURE 8

MENT SHEET
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Claims:~ o
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1. An ink jet printer head comprising:

beo hdeden by

a spacer (4, 200} including path holes (5, 30) for
forming pressure geherating chambers (48, 201) continuous
to nozzle openings (2, 210a, 204), ink supply paths (104,
202y, a.nd.llatwiléaét one reservoir (203) ;

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

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

wherein partition walls (111, 112) for partitioning the
pressure generating chambers (48, 201) are provided,
separated from each other by a space (l1l0) in the form of
a slit (ll4), and each of them having such 2 thickness as

"to be resiliently deformable when a preassure is applied

for ink discharge.

The ink jet printer head according to claims 1 , wherein
the slits (114) are formed from one side of a silicon
single-~crystal substrate (60, 72, 130) by anisotropic
etching process, the cross section of each of the slits
(114) is trapezoidal in shape. )

" The ink jet printer head accorxding to any one of the claims
1 to 2', wherein each of the slits (114) is formed between
the adjacent pressure generating chambers (48, 201).

The ink jet printer head accordihg to any one of claims 1
to 3 -, wherein the slits (114, 115) are opened to the air.

The ink jet printer head according to any one of claims ]
to 4 , wherein the opposed walls (111, 112) of each of the

0241~ TP’



