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DOWN The present |nvent|on relates to an ink:jet printer head thod of
manuf act uri ng- éﬁw e ﬁ@ﬁ#&¢ head and a nethod o
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printer head sh droplets ot o a recording neﬁ?ﬁh$?%pforn1 ots

t hereon. Print of extrene |gh resolution is realized 11 the size of the

i nk droplets i's reduced. “For high speed printing, the nunber of nozzle

openi ngs nust (g FBAT SR3R ragabtmglarht THDD 0B MANUMNARTURING el Sandey P

- in which piez r|c Vi ements are us an energy source for
expel l'ing ink droplets, the pressure generating chanber nust be designed to
be as.large . as possible in order to efficiently use the energy of the

pi ezoel ectric vibrating el ement. This requirement for the efficient use of
the energy is contradictory to the current tendency of the size

The present invention relates to an ink jet printer

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

use with an ink jet printer head.

An ink jet printer head shbots forth ink droplets onto
a recording medium to form dots thereon. Prinﬁ_of éxtremely
high resolution is realized if the-sizé of the ink.droplets is
reduéed. For high speed printing, the nuﬁber of nozzle
openihgs must'be increased; Particularly, in the printer head
of fhe type in which piezoelectric vibrating elements are used
as an energy source for expelling ink droplets, the pressure
generating chamber must be.designed to be as large as possible
in order to efficiently use the energy of the piezoelectric
vibrating element. This requirehent for the efficient use of
the energy is contradiétory to the current tendency of the size
reduction of the printer head.

Measure currently'taken for the contradictory problem

is to reduce the tﬁlpkness of the wall partitioning the



reduction of the printer head. Measure currently taken for the
contradictory problemis to reduce the thickness of the wall partitioning
t'he 2 adj acent pressure generating chanbers, and to enlarge the pressure
generating chanbers in the |ongitudinal direction. To formthe pressure"
generating chanbers and the reservoirs, path holes are forned in [err],
spacer for setting the vibrator plate and the nozzle plate fixed distance
apart. Since the path holes nmust be fornmed in conformty with the pressure

toni ng techAaqacers Bafhfr{ ubREReLRET cnEPeFRT ARG Y eRITRER, 19

etching technrqué

used for the,3pacEke Jaﬁeégefﬁg Shdengs ORI LNt d B '@freacéi@n.

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
complicatedly sha?ed, 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. lThe printer head using such a defective
.spacer suffers from cross talk, deflectiqn, and the like, and
attempt to achieve high resolution is accompanied by
deterioratipn of print guality.

To cope with this problem, there are some'proposals as
disclosed USP No. 4312008 and Examined Japanese Patent
Publication No. Sho. 58-40509. In the proposals, a silicon
single-crystal substrate vertically oriented in (1i0) is cut
out so as to have the thickness suitable for the-spacer. Path
holes shaped for pressure generating chambers and ink supply
paths are formed in the silicon single-crystal substrate by
anisotropic etching process. The spacer of the silicon single-
crystal substrate has a large mechanical strength. Therefore,
the deflection of the whole print héad caused by deformation of
the piezoelectric viﬁiating elements is minimized. The walls

undergoing etching are substantially vertical to the surface of



nmechani ca
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strength. The printer head using such a defective spacer suffers
tal k, deflection, and the |ike, and attenpt to achi eve high
is acconpani ed by deterioration of print quatity. To cope with

this problem there are sone proposals as disclosed USP No. 4312008 and
Exam ned Japanese Patent Publication No.3Sho. 58-405009. In the proposals,
a silicon single-crystal substrate vertically oriented in (110) is cut out

so as to h
pressure g
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silicon sing

crysta bstrate has a | arge nechani cal strength.

Therefore, the defbgeki Qpaebrt hasWidlee f0llbwiradpeabied bhatefusmat | heof
t he piezoelectric vibrating elements is mininzed. The wal|ls undergoi ng

etching arg,348skaphbal by ¥Retétehing die kimived Di their directions by-

the crystal face orientation. Therefore, 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 thé silicon single-crystal
substrate is advantageoﬁs in that the pressure .generating
chambers may be reduced in sizé, but is disadvantageods.in'that
a mechanical strength of the whole spacer is small. Because of
the fragile spacer, it is difficult. to handle the spacers in
assembling the ink jet printer head. Further, it is difficult.
to secure a compliance sufficient for effectively'ﬁtilizing 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
independent .claims 38 or 39, and the method of processing a
silicon single-crytal substrate according to any one of the
independent claims 33 or 34. Further advantageous features,
aspects and details of the invention are evident from the
dependent claims, description and drawings.

The claims are intended to be understood as a first non-
limiting approach of derining the invention in general terms. :

The invention provides an ink jet printer head in which a
spacer for setting a cover member and the nozzle plate with
nozzle openings at a fixed distance apart and having pressure’
generating chambers, reservoirs, and ink supply paths
connecting them, is formed of the silicon single-crystal
substrate. '



3 the spacer. Because of this, the pressure generatlng chanbers can be
uniformy formed. This spacer has the fol | owi ng probl em however. The

wal Il's formed by the etching are linmited in their directions by the crystal
face orientation. Therefore, it is difficult to shape the pressure
generating chanbers ideal for the ink jetg printer head. Because of the
unsati sfactorily shaped pressure generating chanbers, ink tends to stay and
to generate bubbles in the pressure generating chanbers. The spacer forned

of the silicon S|n crystal substr n PN
pressure_ge %E g disg gﬂgagdg Eﬁp é&)& a‘?é %%53 i jéé ieaiGedd
in that a éCék §EEE Qhea §§§ RGRUSE-Gh Hhe
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pressure generatlng 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 thereof
formed of a .thin silicon single-crystal substrate -
which is preferabl
approximately %0 pum thick to easily be handled.

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

Still another.aqxgt 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.

Accbrding to a si:ecific aépect, : there is provided an ink
jet printer head having a nozzle plate having an array of
nozzle openings, a spacer including path holes for forﬁing
pressure generating chambers, ink.supply paths, and reservoirs,

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

' longitudinally'vibratiné in accordance with print data. In the
ink jet printer headL the.spacer includes a silicon singlg-
crystal substrate vertically oriented in (110) that is.
preferably

processed by anisotropic etching process such that one of the

walls defining a path hole fbrming a pressure generating



assenbling the ink jet printer head. Further, it is difficult. to secure a
conpliance sufficient for effectively utilizing the pressure energy
generated by the piezoelectric vibrating elements and the heat generating
neans. It is, therefore, the object of the present invention to provide an
ink jet printer head and a nmethod for progucing sane which avoid the

above- nenti oned drawbacks. This object is solved by the ink jet printer
head of any one of the independent clains 1, 11, 18,. 24 or 29, the nethod
of manufacturing an ink jet printer head of any one of the independent

cl ai s 38 orclggybemd s leontdnvetsotopppeessi fheavwaililisc8giinigPeacPythl hole
substrate according to any one of the independent clainms 33 or 34. Further

advant ageousommiing &an imdpaupplah®addtai | s of the gnvention are evident
from the dependent clains, description and drfti™sY The clains are

intended to be unde®EoddlasSuPRiY RatH-YIERPUARE FENGadiP e #REn§ ehe

i nvention in general terns. | .
pressure generating chambers are formed in a plane, thereby

- ensuring a smooth flow of ink, and preventing stay of ink
bubbles. .

According +c « prafened ~specT, there is provided an ink.
jet printer head having a spacer, pressure generating means
formed b-y two cover plates ) sandwiching the spacer
ﬁherebetween, ink supply paths connecting the nozzle openings
and the reservoirs being provided in connection with the

wherein '
pressure generating chambers, the pressure generating chambers
ore _ provided with pressure generating sources. In the ink
jet printer head, the spacer is a silicon single-crystal
o ' : preferally
substrate vertically oriented in (110) that is.processed by
an;sotropic.etéhing proce#s such that the pressure generating
chamber is formed by a path'hole with a bridge means.

The bridge means of the path holéjfgrevent- the
partition walls defining the pressure generating ;hamberé frpm
falliné down. |

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

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

a pressure that is applied to ink for ink discharge.



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 fixed
di stance apart and havi ng pressure generating chanbers, reservoirs,

and ink supply paths connecting them is fornmed of the silicon

singl e-crystal substrate. 4 Accordinggto a first aspect of the present

I nvention, an ink jet printer head is provided using a spacer forned of a
silicon single-crystal substrate, so that snooth flom/paths fromthe ink

habber sy be T oMIER CHGE: HRfoEmRRS Fe%l“uﬁﬁ Filn ' Prd 18, e Fo el BEpgaire
generating %rﬁ%@g%in%ndcﬁamgtegsd'aStChgﬁge t:.l.meI nkotbugp\oo%.mg forth ink, a
compliance large enough to shoot forth ink is secured.
A ceccrding +o e Cuther gsgﬂ'there is provided a method of processing -
a silicon single-crystal substrate in use with an ink jet
printer head in which patterns of anisotropic efching
advontagecusly
protecting patterns,made of silicon dioxide, coincident in
configuration with patterns for forming path holes, are formed
preSerably
in a mirror image fashion, on the obverse and the reverse side
of a silicon single-crystal substrate vertically oriented in
(110):f§:£1ng a fixed thickness, and the silicon single-crystal
substrate with the patterns formed thereon is processed from
the obverse and the revérse side- fhereof by anisotropic
etching process, thereby forming the path holes;  etching
protecting patterns defining a nartow, second pattern connected
to a relatively large, first pattern; which are located in
regions where the first patiern and the second pattern are to
be formed, are aligned with each othér, and a blade-like
etching 'protecting pattern is formed in parallel with <«
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.



Anot her aspect of the present invention is to provide a novel ink jet
printer head which allows the spacer thereof formed of a thin silicon
single-crystal substrate which is preferably approximately 200 [err] thick
to easily be handl ed. Yet another aspect of the present invention is to
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 anot her aspect of the present invention is to provide a
met hod of manufacturing the ink jet printer head, nore particularly an
etching net hod for forning a spacer by etching a silicon single-crystal
substrate. Accordin specific there is p| V|ded an, |nk
Higg 13 s A€

jet printer head h z?PeeﬁPgFae aVPﬁﬁ éWQﬁ%Q%IQﬂ 3§,
i WAL PRFHELEE 55, oLBSEL AR S LN

Fig. 2 is a plan view showing a spacer used in thg ink
.jet printer head;

Fig. 3 is an enlarged, perspective view showing a
portiPn of a wvibrator piate 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 é 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 generatlng chambers and their related portlons of the
lnk jet prlnter head;

Figs. 7(a) and 7(b) are enlarged, plan views showing
the pressure generating chambers and their related portions of
the spacer in the ink jet printer head, the illustration
showing a positional relation§hip among nozzle openings,
islands, and piezoelectric vibrafing 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;



a vibrator plate receiving vibrations of piezoelectric vibrating

el enents, and the piezoelectric vibrating elenments |ongitudinally vibrating
in accordance with print data. In the ink jet printer head, the spacer
includes a silicon single- crystal substrate vertically oriented in
(110) that is preferably. processed by gnisotropic etching process such
that one of the walls defining a path hole form ng a pressure generating

5 chanber i's continuous to one of the walls defining a path hole forming an

i nk supply path. The ink supply paths whereAi nk tends to,stay and the
pressure gener ati ng Fdigb & s{)aa)r &% dee @5 LIRS $hRViRg én§ﬁﬂf-‘ﬁ§c§ of

snmooth flow of ink, and preventing stay of .ink . cq s .
steps of manufacturing-a spacer by processing a silicon single-

crystal substrate vertically oriented in (110) by anisotropic
etching process;

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

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

Figs. 12(a) and 12(b) are diagrams showihg an example
of.patterns'td form a spacer by etching the silicon single-
crystal substrate by ahisotiopic etching process, and a state
of the structure immediately before the etching process ends;

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

Figs. l14a and 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 Eh ehlarged,-plan view showing another

etching pattern containing reservoirs in such a structure for



bubbl es. According to a preferred aspect, is there is provided an ink jet
printer head having a spacer, pressure generating neans fornmed by two
cover plates sandwi chi ng t he spacer therebetween, ink supply
pat hs connecting the nozzl e openings and the reservoirs being provided in
connection wth the pressure-generating ahanbers wherein the pressure
generating chanbers are provided with pressure generating sources. In the
ink jet printer head, the spacer is a silicon single-crystal substrate
vertically oriented in 11%) that is rocesse by ani sotrqpic efchin
process such‘-tHi?a?tYlt% 'ka,s o8 (W\Ferks %V‘ahsnﬁél t¥O P& SHP L BEBASHERe

with a brid neans.,. e}}ﬁﬁ%&l d% nmeans of the path hole can prevent
the partiti qﬁﬂ%?&ﬁﬁﬁ %%e pressure generating chanbers fromfalling

down. The partition for BRrLL1LOOLAY LDGSRr E58HEBAITNGLEL DoSRATPS' S

are each separated ¢Qé
portion of the path hole forming the pressure generating

. chamber in the vicinity of the nozzle opening;
. Fig. 17 is a view showing another path hole forming the
pressure generating chamber; |

Fig. 18 is a view showing yet another path hole forming
the pressure generating chamber; |

fig. 19 is a view showing still another path hole
forming the pressure .generating chamber;

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

Fig. 21 is a view showing a further path ﬁole forming
thg pressure génerating chambef;

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 openiqgs, islands, and piezoelectric
vibrating elements when the nozzle plate, the vibrator plate,
and the piezoelectric vibrating elements are mounted on the
spacer; |

Fig. 23 is a view showing an additional path hole

g

forming the pressure generating chamber;



of a slit, and the partition walls are defornmed when receiving a pressure
that is applied to ink for ink discharge. 6 Wth the defornmation of the
wal I s of the pressure generating chanbers at the time of shooting forth

i nk, 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 anisotropic etching protecting patterns advantageously nmade of
silicon dioxide, coincident in configuration with patterns for form ng path
hol es, are fornmed, in a mrror image fashion, on the obverse and the
reverse side of a silicon single-crystal substrate vertically oriented in
(110)normal Iy having a fixed thicknessgpand the silicon single-crystal

Fig. 24 is a cross .sectional view showing the créss
sectional shape of a. : bridge;

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

Figs. 27 (a) to'(d) and 28 (a) to (d) are a cross
sectional view and a_plan view showing alprbgressive.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 chamber;

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

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

Figs. 32a and 32b are a plan view and a cross sectional

view showing an exemplar spacer;



substrate with the patterns fornmed thereon is processed fromthe obverse
and the reverse side, thereof by anisotropic etching process, thereby
formng the path holes; etching protecting patterns defining a narrow,
second pattern connected to a relatively large, first pattern, which are
| ocated in regions where the first pattern and the second pattern are to be
formed, are aligned with each other, and a bl ade-li ke etching protecting
pattern is formed in parallel with [err}lsecond path hole while being
substantially aligned with a second wall. This manufacturing nethod
controls the etching so as not to be excessive, using the blade-1like
etching patterns. Thgsefage, fd ne andi 4 LemSeseRbRabob83 142N shBwiAGTEE Hen
the silicon single-crystal substrate.
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 another spacer;
Figs. 352 and 35b, are plan views showing patterns
formed on the obverse and the reverse sides of a spacer formed
of a silicon single-crystal substrate when the spacer is

procegsed by anisotropic etching process;

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

Figs. 37a and 37b: are cross sectional wviews showing
slits formed by anisotropic etching process when viewed in the
longitudinal direction of the pressure generatiné chamber;

| - Figs. 38a and 38;w;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 spaces,according to the present invention;
o +he nl _s.o.‘\' ?i'{n*cr head



7 Fig. 1 is an exploded vies showing an ink jet printer head according to
an enbodi nent of the present invention; Fig. 2 is a plan view show ng a
spacer used in the ink jet printer head; Fig. 3 is an enlarged, perspective
view showi ng a portion of a vibrator plate where it is in contact with
pi ezoel ectric vibrating el enents; Figs. 4(a) and 4(b) are a perspective
view and a cross sectional viem/shomﬁngkrespectively a piezoelectric
vibrator unit and the structure of el eckdodes 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 show ng pressure generating chanbers
and their related pogtigpsiofan lenladged; perspectirvedvidy gshowing arkey (b)
are enl arged, plan views show ng

portion of an ink jet printer head according to a further

embodiment of the 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.

L)

In Fig. 1 showing an embodiment of thé present
invention[ linear opening arrays 3 each consistingziozzle
openings'z .are formed in a nozzle plate 1. These nozzle
openingé 2 are linearly arréyed-at_such pitches as to form a -
print density of 180 DPI.

A spacer 4 is sandwiched between a vibrator plate ;0
serving as a first cover plate (to be given later) and the
nozzle plate 1 as a second cover plate. As shown in Fig. 2,
the spacer 4 contains pressuie generating chambers, reservoirs,
an ink supply port connecting them, and path holesns, 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. D, @ach

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

top of a piezoelecEric vibrating element 30 contained in a

piezoelectric vibrator unit 21, has such a rigidity as to



the pressure generating chanbers and their related portions of the spacer
in the ink jet printer head, the illustration show ng a positional

rel ati onshi p anong nozzl e openi ngs, islands, and piezoelectric vibrating
el enents when the nozzle plate, the vibrator plate, and the piezoelectric
vibrating elenment are fastened; Fig. 8 iiaan-enlarged vi ew showi ng t he

configuration of a path hole forming the

ressure generating chanber; 8

Figs. 9 (a) to (e) are diagrans show ng a sequence of steps of

manuf acturi ng a spacer by processing a silicon single- crystal substrate
vertical ly otramsmitia disfmhadementi oft tde Piezselesyristaddraging £l emendn
expl anation di agram for explaining a

30 to the possibly largest area. The thin portion 12 is formed
in the peripheral area of the island 11. With such a
cogstructiéh, 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
thé 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 constructed such that piezoelectric vibrating
members 32, dri?e electrodes 33, and common electrodes 34 are
alternately layered. The rear ends of the drive electrodes 33,
exposéd to outside, are connected in parallei 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 35
extended to the sides of the piezoelectric vibrating element.

The outer ﬁéjor surfaces of the external dfivé

electrodes 35 of the piezoeleétric vibrating elements: 30 are



state of etching as the result of a msalignnment of etching patterns forned
on the obverse and the reverse side of the silicon single-crystal

substrat e,

whi ch are used for etching the surface of the substrate

vertically oriented in (110) by anisotropic etching process; Fig. 11 is an
expl anatory di agram for explaining a proq&ess of etching process when the
I

silicon single-crystal substrate vertica

y oriented in (110) is etched by

ani sotropi c 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
substrat e bysubstantigplly efthshgwitbcads fimlingstbmiaedofdlhe Theusmkernal
I mredi ately before the etching process ends; Fig. 13 is an enlarged, plan
Vi ew showi ngceman e extinosiass 361 of the guisraag kectnicheibratbng relgngnts 30
supplying ink fromone reservoir to tw pressure generating chanbers; Figs.
14a and 14b awe €lagtaisaibywiand apbynérapdyt cgoupled with' electrodes 40

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

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

In the constf:ction of ﬁhe'record head shown in Fig. 1;

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

ot ¥ig-1.



for the ani sotropic etching, the illustration showing a state of etching
i medi ately before the etching ends; Fig. 15 is an enlarged, plan view
showi ng another etching pattern containing reservoirs in such a structure
for supplying ink fromone reservoir to two series of pressure
generating chanbers; Fig. 16_is an enlarggd, cross sectional view showi ng a
portion of the path hole form ng the preS5ure generating chanber in the
vicinity of the nozzle opening; Fig. 17 is a view showi ng anot her path hole
form ng the pressure generating chanber; Fig. 18 is a view show ng yet
anot her pat tyhothef aradake t pdapeessuandgetie aviibyadioanbpiatei d.0,19thereby
viem/shomﬁn% still another path hole
orming pressure generating chambers designated by reference
.numeral 48. When the thin portion 12 of the vibrator plate 10,
which receives a stretching motion of the piezoelectric
vibrating element 30 through the island 11, is deformed to
compress the pressure generating chamber 48, the pressure
generating chamber 48 pushes ink contained therein to exterior
in the form of ink droplets through the nozzle opening 2.
Figs. 7(a) and 7(b) are enlarged, plan 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 supply pofts are formed in a silicon
single-crystal substrate vertically oriented in (110). The
silicon single-crystal substrate has the thickness necessary
for the spacer, e.g., 220 pm.
The path holes 7 to serve as ink supply ports are each
designed such.that the walls 7a and 7b defining the path hole
. 7 are spaced apart from each other such a distance as to gain
a flow path resistance suitable for the ink supply path, and
that the wall 7a of the path hole 7 is aligned with a wall 5a
of the path hole 5 forming the pressure generating chamber 48.
In a case where the vibrator plate 10 is bonded to the

nozzle plate 1 by éahesive, indentations 50 for receiving

adhesive are formed around those path holes by anisotropic



forming the pressure generating chanber; Fig. 20 is an enl arged, cross
sectional view showing a portion of the path hole form ng the pressure
generating chanber in the vicinity of the nozzle opening; Fig. 21 is a view
showing a further path hole formng the pressure generating chanber; Fig.
22a is a plan view show ng the structure_of another spacer; Fig. 22b is a
pl an vi ew showi ng a positional relationsﬁﬁp of the nozzl e openings,

i sl ands, and piezoelectric vibrating el enents when the nozzle plate, the

vi brator plate, and the piezoelectric vibrating elements are nounted on the
spacer; Fi g.etclgrigs pxogiesw .s hBhe rigndan tatki eon ohil i H apprexicately AP0 ke ox

pressure ge@%gﬁgéggfgggﬂﬁﬁ;one of the sides thereof. The depth of the
indentation 50 is selected so as to have such a volume as to
contain excessive adhesive. |
An opening area of the indentation 50 is preferably
within a range between 0.001 mm? and 0.01 mm?. When it is
smaller than 0.001 mm?, the indentation 50 can unsatisfactorily
receive the excessive adhesive. When it is larger than 0.01
mm?, an unsatisfactory adhesion area is secured, weakening the
adhesion of the vibrator plate 10 to the nozzle plate. 1.
When an eutectic jointing method, not using adhesive,
is used, there is no need of using these indentations 50, as a
matter of course. |
Fig. 8 illustrates a path hole forming a préssure
generating Chamber 48 and_a path hole forming an ink supply
path, and anglés of the walls of these path holes. The path
hole 5 forming the pressufe generating chamber 48 includes
seven walls S5a to 5g. The walls 5b, Sf, 5g, and 5a around the
nozzle openihg 2 are jointed at angles 63, 64, and 65. The
angles 63, 94, and 05 are obtuse angles of approximately 152°,
100°, and 110°, respectively; The walls 5¢, 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 #
junction area where the ink supply path opens to the pressure

-

generating chamber.



10 Fig. 24 is a cross sectional view show ng the cross sectional shape of
[err]: bridge; Figs. 25 and 26 are views of exenplary etching patterns
formed on, the obverse and the reverse side of the silicon single-crystal
substrate to formthe path holes; ‘Figs. 27 (a) to (d) and 28 (a) to (d) are
a cross sectional view and a plan view showing a progressive state of the
etching that is carried out using the abd/e etching patterns; Fig. 29 is a
pl an vi ew showi ng another path hole form ng the pressure generating
chanber; Fig.30 is a perspective view, partly in cross section, show ng
anot her enbodi nent The afalNk7d &If Rhenpathhddeagedodi el dnﬂdweu@page@iath

I nvention; Fig.31 is a cross sectional view show ng the nozzle

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

To assemble, adhesive is applie& to the spacer 4 thus
structured, and sandwiched by the nozzle plate 1 and the
vibrator plate iO after these are accurately positioned to one
another, and the assembly- of those components is pressed
together. Adhesive not used for bonding them flows into the
indentations 50 located around the path holes 5, 6 and 7
respectively for the pressure generating chambers, the ink
.supply paths, and the reservoirs. As a result, such a
disadvantageous situation that adhesive flows iﬁto the pressure
generating chambers, the ink supply paths, and the reservoirs,
thereby changing the volumés of them, will never occur. 1In the
resultant structure ééoduced after'completion of the bonding.

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



plate, the pressure generating chanbers, and the vibrator plate near the
bridge and the nozzl e openings; Figs. 32a and 32b are a plan view and a
cross sectional view show ng an exenpl ar spacer; Fig. 33 is a
di agram schematically showing the structure including a pressure
generating chanber, the illustration show ng deformation of the chanber
partitioning walls when a pressure is apﬁ?ied to the chanber; Figs. 34a and
34b are a plan view and a cross sectional view showi ng anot her spacer;
Figs. 35a and 35b, are plan views showi ng patterns fornmed on the obverse
and the revaeasr atdebeoénd spacaentemidnef of shie pathshodleceSctyssatve as
substrate when the spacer is processed by ani sotropic etching process;
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 whole pressure generating
chamber by way of the island 11. Therefore, the displacement
of the piezoelectric vibrating element 30 can be highly
efficiently transformed into a variation of the volume of the
pressure generating chamber.

In Figs. 9 (a) to (e) Fhow a sequence of steps for
manufacturing the spacer 4:ﬁgﬁ:;licon single-crystal substrate
60 of the crystallographic axis (110), 220 um thick (enough to
satisfy the thickness required for the spacer), for example, is
prepared. A silicon dioxide £ilm' 61 whick i 3 pm thick, for
example, is formed on the surface of the silicon single-crystal
substrate 60 by thermal oxidation process. The +thickness
o¥. L Hm is sufficient for the film 61 functioning as a
protecting film against an anisotropic etching liquid (Fig.
9(a)). '

A hydrogen fluoride protecting film 62 is formed on the
obverse and the reverse side of the silicon single-crystal
substrate 60 with the silicon dioxide film 61 formed thereon by

a lithography method. The protecting film 62 formed on the

substrate includes windows 63 and 64 corresponding to the path



Figs. 36 (a) to (f) are views showi ng a sequence of steps for formng a
spacer by ani sotropic etching process; Figs. 37a and 37b, are cross
sectional views showing slits formed by ani sotropic etching process when
viewed in the longi-tudinal direction of the pressure generating chanber;
Figs. 38a and 38b are plan views show ng gnother type of patterns fornmed on
the obverse and the réverse side of the sPlicon single-crystal substrate;
Fig. 39 is-a cross sectional view showi ng an additional spacer; Fig. 40 is
an enl arged, perspective view show ng a key portion of an ink jet printer
head accor dihglés Sp Ggdand ochalansiriiddinemess#ry hethe cguinntations 90 (Fig.
41 (a) to (d) are plan views showi ng a nethod of manufacturing the spacer,
accordi ng to9{h§)present invention;

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 foi 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
obvef;e 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 péttérn Slb on the reverse sidé, in
this instahce.

Following the step of forming the silicon dioxide
patterns, the structure is etched in an aqueohs solution of
potassium hYdroxide'Of approximately 17 % in density, képt at
a fixed temperature, for example, 80°C. In the eféhing-
process, oﬁly the portions of the silicon dioxide £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 dn
the obverse the and reverse side of the silicon single-crystal
substrate 60 are formed so that the pattern 6la covers thé

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



12 Fig. 42 is an enlarged, perspective view showi ng 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 enl arged, perspective view showi ng a key
portion of an ink jet printer head according to anot her enbodi nent of the
present invention. In Fig. 1 showi ng an eppodi nent of the present

invention, linear opening arrays 3 each nsi sting nozzl e openings 2 are
formed in a nozzle plate 1. These nozzle openings 2 are linearly arrayed

at such pitches as to forma print density of 180 DPlI. A spacer 4 is
sandwi ched bPatkerhelei §5at bs ;iloafﬂédlowlamu (P EECSPPRAS { Jc’bvér’-zﬁl at® (the

be given later) and the nozzle 1. as a second cover As shown in
Fig. 2, the EﬁgEﬁFnﬂ ééﬁtﬁ?ﬁénbg sE@?elﬁﬁﬂ%FaVFﬁaoﬂhéﬁﬁgrsQ?Hééewwﬁwgﬁ if

a slight misalignment of the patterns on the obverse and thg
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 70 and 71 of the
same size are formed on the obverse and the reverse.side of a
substrate. 72, as shown in Fig._lo{ In this case, if these
patterns are not aligned with each other, walls 72a and 72b are
formed in line with the béundaries of the patterns 70a and 71a
located outside a path hole 73 to be formed within the patterns
oppositely formed on the obverse and the reverse side of the
.substrate. The size of the path hole 73 formed by this etching
process is different from that of a path hole defined by the
patterns 70 and 71. As a result, it is impossible to control
the size of the path holes and the positions of the etching
faces. |

After fhe path hole 65 ?s.formed, the silicon dioxide
‘films 6la and 61b used as é mask are removed by using hydrogen
fluoride. Thereafter, the structure is thermally oxidized to
) athicwkness of .

form a silicon dioxide film 66 of 1l um for example,
(this figure indicates a film thickness satisfactory for the

protecting £ilm) 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
t he pressure generating chanbers is formed of an island 11 and a thin
portion 12. The island 11, in contact wi €f t he top of a piezoelectric
vibrating element 30 contained in a piezoelectric vibrator unit 21, has

such arigidity as to 13 transmt a displacenent of the piezoelectric
vibrating elsikitorBOdioxide fdImi bbyibangedt am en.pdtieethingpbiimoagadnist
formed in the peripheral area of the island 11. Wth such a

ink (Fig. 9(e)).

" During the course of the anisotropic etching process of
the silicon single-crystal substrate vertically oriented in
(110) till an intended pattern is formed, the etching
éﬁogresses at an angle of approximately 35° to the face
vertically oriented in (110), viz., along the face vertically
orienéed in (111) as shown in Fig. 11. 1In order to actively
ﬁse this nature, as shown in Fig. 12(a), an approxiﬁétély 1/2
region of the path hole 5 for the pressure generating chamber
where it faces the nozzle opening is 'formed such that a
boundary 80a of an etching pattern 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. Tﬁe wall 7b of -
the path hole 7 is opposed to the wall 7a thereof, which is in
liﬁe with the wall 5a of the path hole 5. Further, blade-like
patterns 82 and 83 ére foxrmed on the inner sides of the path
hole 6 for the reserQoir in a state that these patterns extend

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

During the anisotropic etching process that is carried
out using the etching pattefns.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



construction, the pressure generating chanber can efficiently be expanded
and conpressed in accordance with stretching notions of the piezoelectric
vibrating el enent 30. The piezoelectric vibrator units 21 are arranged as
shown in Fig. 4(a). The piezoelectric vibrating elements 30 of the
pi ezoel ectric vibrator units 21 are arragfd at fixed pitches along the
fixing board 31 in a state that the first“ends of the piezoelectric
vibrating elenments 30-are attached to the fixing board 31, while the second
ends thereof are free so as to allow the piezoelectric vibrating el ements
30 to vibra#®b.n aThengtthdhgapregteasesn twdeeadachhpi ezedloectfacing the
vi brating el ement 30, as shown in Fig. 4(b), is constructed such that
pi ezoel ect r nozziller apengngenbersha2;thly noz zdlee cipeodasy 23, anddthenwadls Sa,
el ectrodes 34 are alternately |ayered. The rear ends of the drive
el ectrodes 8B, 8fposnd bg Hacingethernozalecopening, pehiitheiréyasnapateatal
drive electrode 35, which is forned by vapor deposition )
obtuse angles, are formed. At the junction part between the
ink supply path and the pressure generating chamber and another
junction part between the ink supply path and the reservoir,
‘the etching is stopped when these junction parts are expanded
to such an extent as to prevent ink from staying the inlet and
outlet of the ink supply path as a narrow path for ink flow.
With this, a fluid resistance proper for the ink supply path is
secured. |
In the stage of etching the Path hole 7 for the ink
supply path, the blade-like patterns 81, 82, and 83, the ends
of which are extended from the walls, are first etched-(Fig.
12(b)). Accordingly, in the final etching stage, viz., an
_etching stage where a_'through-hole is formed through the
etching from both sides and intended patterns are formed, walls
5d and 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 opens to the pressure generating chamber.
Further, walls 6b and 6c, slanted at the angle 62 ~ 70° to the
walls 6a and 7a, are formed in the junction part of the path
as shewn a Fig, €,
hole 7 where it opens to the reservoir, As a result, the inlet

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

With this expanded ‘bpenihgs, ink smoothly flows into the



process, for exanple. The common el ectrodes 34 are extended to the free end
of the piezoelectric vibrating elenent 30 and connéected in parallel by an .
external conmon el ectrode 36 extended to the sides of the piezoelectric
vibrating element. The outer major surfaces of the external drive

el ectrodes 35 of the piezoelectric vibrating elenents 30 are 14
substantially flush with the fixing boar®231. The external common

el ectrodes 36 of the piezoelectric vibrating elenments 30 are electrically
and physically coupled with el ectrodes 40 formed on the botton1end faces of

dunmy vi br at igi 8GN gend2a cthlCleRkfbboCal £AN BRLN Sldesvl t
of the piezoélectric V|brat|ng | enents 30, by nmeans of conduct |ve ne er
38. The eb@@@&ggggg 4xbbleiskesr AR, external drive

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 chambers.
In this structure, the nozzles of the series of the pressure
generating chambers afe slightly dislocated from one another.
Thereforé, blade-like patterns 82, 83, 82‘, and 83‘, which are
exteﬁded 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. 1In this pattern, a junction part
of the path hole 7 to serve: as an ink supply path and+tlpath
hole 6 to serve as a reservoit is formed -as a narrow
continuous ‘pattern 85. A.single blade-iike pattern 86 is
extended in the axial direction of the path hole 7 to serve as
the ink supply path. |

~ In this pattern, the junction part.of the ink supply

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

~ narrow continuous pattern 85. Therefore, an unnecessary

progression of the etching can be stopped by only one blade-
like pattern 86.

In a case where ihk is supplied from one reservoir to

two series of the pressure generaﬁing chambers as in Fig. 13,

the object can be achieved by forming narrow continuous



el ectrode 35, are fornmed on the bottom end faces of the dummy vibrating

el enrents 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 el enents %g are exposed to outside, and an

i nk supply port 44 for supplying ink fro

an 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
frame menberpdbrerhs Chgsl &0d SES vates ) TheCéndstf i €héhp&tR. hdDeés 7 and

resul t ant

Is a record head assenbly. Fig. 5 is a cross sectional view of

the record hradmsstolinhk Bupplgnpathst addwlepmingwbllade-1bkedpaeterns 86

verti cal

to the nozzle array. The piezoelectric vibrator units 21 are

fastened to ank B6i’‘nt ektandbngly fA®nbythpoxyarrewn.cdrgfionuance pattexins46inf
Fig.1l. designates an inflow port connecting to the ink tank. ’

alignment with the path holes 7 and 7’, as shown in Fig. 15.
Thérefore, 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 stopped when the wall 5f comes in contact with the wall 5g.
However, if the etching process is further continued, two walls
5f1 and 5f2 are additionally formed on the wall 5f, and the
wall 5f is incurved in shape, as shown in Fig. 16. As a
result, an additional wall 5h is grown, which is slanted at an
angle 68 = 1525 to the wall 5b defining the pressure genefating
chamber 48, as shown in Fig. 17. An angle 87 is approximately
125°.  An anglé 66 of the wall 5f1 (wall 5f£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 nozzle opening 2. These walls are

five walls 5a, 5g, 5f, $h, 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 5f2
connecting to the wall 5f at the angle 06 as viéwed in the
cross sectional directidn of the silicon single-crystal

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



In the construction of the record head shown in Fig. 1, the path holes 5 of
t he spacer, as shown in Fig. 6, are closed 15 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 stre&ghing_nntion of the piezoelectric
vi brating el ement 30 through the island , Is defornmed to conpress the
pressure generating chanber 48, the pressure generating chanmber 48 pushes

i nk contained therein to exterior in the formof ink droplets through the
nozzl e openisep®red-iigs th¥ aicindty(bf the nnkalgedpeping 2iewscsbodinglyhe
path holes 5, which formthe pressure generating chanbers, and their

rel ated portste®r of hubblgmewver happeRsnk jet

As in the embodiment where the four walls are formed
around 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 the longitudinal walls 90a.and 90b defining the pressure
generating chamber, and the path hole 92 i; located
substantially in alignment withlfhe center liﬁe of the pressure
generating chamber (Fig. 18); With this structure, ink is
supplied from the reservoir to the pressure generating chambexr
by way of an outlet of the ink supply path, which is defined by
the walls 90c and 90d outwardly expanded from the loéations
near to the center of the end of the chamber toward the
pressure generéting chamber, and walls 90e and 90f secondarily
formed along the crystal axis during the etching process. 1Ink
flows from the reservoir to the pressure generating chamber
more smoothly, without any stay of ink bubbles.

After the wall 5h is formed, the etching process is
further continued. Then, the etching of the wall 5f
selectively progresses. The end of the wall 5f closer to the
wall 5b grows, so that the wall 5g formed in the previous steé
disappears. As a result[ as shown in Figs. 19 and 20, six
walls Sa, 5g, S5f’, 5?1’, 5£2', and 5b, which are arranged at'

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



printer head. Path holes 5 to serve as pressure generating chanbers 48,
path holes 6 to serve as reservoirs, and path holes 7 to serve as ink
supply ports are formed in a silicon single-crystal substrate vertically
oriented in (110). The silicon single-crystal substrate has the thickness
necessary for the spacer, e.g., 220 [err]m The path holes 7 to serve as
ink supply ports are each designed such t4tat the walls 7a and 7b defini ng
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 patsmrfelce f sthei giddoant (Fingle+cEysbilt sebgirhtiel @B f Hormed
the pressure generating chanber 48. In a case where the vibrator plate 10

i s bonded toaxgandozthe pieazlel bpeadndsie, | Adknt aMPORR1IR0 Flaws cdai viRg

adhesive are formed around those path hol es by anisatropic
_ 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 90c and. 90d are formed which are
obliquely extended from the longitudinal walls Qda 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,,iﬁk 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 expaﬁded
from the locaﬁicns near to the center of the end of the chamber
toward the pressure generating chamber, and walls 90e and 90f
secondarily formed along the crystal axis during the etching
-process. Ink flows from the reservoir to the pressure
generating chamber more smoothly, without any stay of ink
bubbles.

The above-mentioned spacer has such a structure that
_ the path holes 7 Sor
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 pum thick. 1In this structure, the substrate



16 etching process. The indentation 50 is approximtely 100 [err] m or
shorter long in one of the sides thereof. The depth of the indentation 50
is selected so as to have such a volune as to contain excessive adhesive.
An opening area of -the indentation 50 is preferably within a range between
0.001 mmferr] and 0.01 m2. _\Wen it is ?galler than 0.001 mMerr], the

I ndentation 50 can unsatisfactorily recefve the excessive adhesive. Wen it
is larger t-han 0.01 nmrerr], an unsatisfactory adhesion area is secured,
weakeni ng the adhesion of the vibrator plate 10 to the nozzle plate 1. Wen
an eut ecti cisosegmegtedt htdlonatiossngeathtbevpathshaied, fohictkeipressuced
of using these indentations 50, as a matter of course. Fig. 8 illustrates a
path hol e fgenemgtingr echambegener ahcegreiiaadst, 48hgndupprrt Fide eoforbhag

an ink supply .
.substrate is easily slid against the lower side thereof and

vice versa. With this structure, when the spacer is inserted
between the nozzle plate 1 and the vibrator plate 10, and those
members are bonded together, those path holes 5 and 7 are
frequently deformed. In other words, the walls defining the
pressﬁre generating chambers are extended in a cantilever
fashion. When the spacer 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 whicﬁlwithStands the deformation of the path holes for
the pressure generating chamber 48 and the path holes 7 for the

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



path, and angles of the walls of these path holes. The path hole 5 form ng
the pressure generating chanber 48 includes seven walls 5a to 5g. 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, [err]4, and [err]5 are

obt use angl es of approximately 152[err], %OO[err], and 110[err],
respectively. The walls 5c, 5d, and 5e of®t he path hole 5, |ocated
adjoining to the path-hole 7 to serve as the ink supply path, are arranged
so as to gradually enlarge a junction area where the ink supply path opens
to the presssméfijehentit ifoy ctherbepacer,i7e Te, wad30 7amef tAe hritdgehoBs 7As
for the ink supply path is formed so _as to_be continuous to the wall 5a of
t he path hol @bbiqeely Htommed agnosfetbeaPRtl BRAGHSr atTRele@Atign Gloser to

the path hole 7.
The bridge 95 formed across the path hole is slanted at

angles 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. As
showﬂ, it is a triangle of which the bottom 95c lies on the
side of the substrate to be in contact with the noz%le plate.
A slanting surface 95a of the bridge 95 is slanted so as to
increase the cross section of the pressure genefating chamber
toward the nozzle opening 2, and at an angle 611 (about 35°) to
the Surface of the nozzle plate.

Another slanting surface 95b is slanted toward the ink
supply path 7 at an angle 812 (approximately 35°) to the nozzle
plate. | | |
| The angle of the bridge 95 at its vertex is an obtuse
angle, approximately 110°. Therefore, the bridge 95 causes no
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 i§ 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



path hole 7 is spaced apart fromthe wall 7b and arranged in parallel wth
the latter. The di stance between themis selected to such an extent as
to gain a flow path resistance suitable for the ink supply path. The wall
7a of the path hole 7, which straightforwardly extends fromthe pressure
generating chanbers to the ink supply paE%,'is connected to the wall 6a of
the path hole 6 for the reservoir by way“of an enlarged junction part
defined by the two wal-ls 6b and 6¢c of the path holes 6. In the figure, an
angle 61 is 30[err], and an angle [err]2 is approximately 70[err]. To
assenbl e, adhesdyesi 95appl ARdetehihg gnatmctindupasterat Bteddefibding the
sandw ched by the nozzle plate 1 and the vibrator plate 10 after these are
accuratel y pgosttomrest taf ahe brdtdger 95 absl fdwmed semid 1 axfa tilars d faaimen dites
is pressed together. Adhesive not used for bonding themflows into the
i ndent at i onsnéfzlecapeningoofidthheppihhhhdiees 5,0 tivel etebipacPriEseynf 80
the pressure generating chanbers, the ink .
defining the whole pressure generating chamber. 1In the portion
to serve as a slanting side thereof facing the vibrator plate
10, patterns 99 and 100, which are relatively narrow when
compared with the etching protecting pattern 96, are formed in
" the locations near to the center line of the etching pattern
96. These narrow patterns 99 and 100 are not aligned with each
6ther.

An etching protecting pattern 97a, shaped like a blade,
is extended on one of the boundaries of the etching protecting
pattern 96 in parallel with the wall 5a of the path hole 5 for
the pressure generating chamber. An etching protecting pattern
98a, shaped like a blade, is extended from the wall S5c of the
path hole 5 toward the path hole 5. The wall 5c faces the wall
7a of the path hole 7 in line with the wall 5a of the path hole
5 for the pressure generating chamber (the wall 7a is one of
the walls defining the path hole 7 for the ink supply path).
A straight pattern, connected at the central part thereof to
the patterns 99 and 100, is horizontally extended. The left
side of the straight pattern is designated by reference numeral
97b, while the right side thereof, by numeral 98b. These
narrow patterns 97b and 98b, which serve as etching protecting

patterns, are located corresponding to the narrow etching

protecting patterns 97a and 98a.



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

vol unes of them wi: |l never occur. In the resultant structure produced
.after conpletion of the bonding process, §ach nozzl e 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 spacer 4 is extended over the substantially entire length of the
pressure generatingThehamickicon Wsdngleheryisgdadel esubstrater atventidahint
30 is driven in this state, the displacenent of the elenment is transferred

to the whol eopiensede igentkki) ngithakher efFrhifng cprerectingn@atterns thus

Therefore, the displacenment of the piezoelectric, vibrating elenent 30 can
be highly formed is etched by the anisotropic etching method. The

etching progresses along the (111) face slanted at an angle of
approximately 35° to the obverse and the reverse side of the
silicon single-crystal substrate, as described above (Fig.
27(a)). 1In a S£age where the etching, which starts from the
obvef?e and the reverse side of the substrate,'progre§ses.into
the subsfrate, viz., the etching depth reaches abou£ the half
of the thickness of the substrate (Fig. 27(b)), the edge 80b of
the etching pattern 80 grows in the direction substantially
vertical to the (110) face of the silicon single-crystal
substrate (Fig. 27(c)). |

Thus, the etching vertically progresses ub.to the end
of the etching protecting pattern 96 on the nozzle piate side.
In:othei wordé, the étchiﬁg progreéses so that the surface of
the substrate is left at the angle of about 35°, and progresses
till it intersects the etching patterns 99 and 100 on the
vibrator plate side (Figs. 27(d) and 28(a)). In Fig. 28, each
arrow indicates. an 'inclinaﬁion of the left surface.
Specifically, the left surface.is inclined in the direction
indicated by the arrow head. |

For the regions covered with the etching protecting
patterns 97a, 98a, 97b, and 98b, the etching progresses in the
direction substantiaiﬁy vertical to the obverse and the reverse

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



efficiently transforned into a variation of the volunme of the pressure
generating chanber. In Figs. 9 (a) to (e) show a sequence of steps for
manuf acturi ng the spacer 4 wherein a silicon single-crystal substrate 60 of
the crystallographic axis (110), 220 [err]mthick (enough to satisfy the
‘thickness required for the spacer), for gianple, I S prepared. A silicon
dioxide film®61l whichis 1 [err]mfor eXanple, is fornmed on the surface of
the silicon single-crystal substrate 60 by thermal oxidation process. The
t hi ckness of 1[err] is sufficient for the film 61 functioning as

protecting ﬁhﬁmﬁﬁ&ﬁQEﬁ-anwﬁﬁhyﬁhﬂﬁﬁcP%ﬁﬁﬂFﬁﬁrlNﬂﬁcﬁ%?ﬁbﬂgg€§ﬁF%%§ the
hydrogen fluoride protecting film&62 is formed on the obxgrse anﬂ tbg
reverse si dPOBNIERY F | £bR SHFIHALPEPEFCEHBE RAE YT wrbh t h&NEMYi che
choxt de 11 ekl med Lheceon By, L1 st apby et gt TN gbechdrg d4 !
path 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 patterns 99 and 100, and
further progresses. Then, the etching protecting pattern is
bifuréated into two patterns. With the bifurcat;pn, the
etching advances toward the walls 5a and 5b, while tﬁe etching
advances in the same direction as that of the etching
protecting patterns 97a, 97b, 98a, and 98b (Fig. 28(c)).

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

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

After the etching protecting patterns 99 and 100, which
are formed on the vibrator plate side, disappear, the etchiné
is ﬁurther continued. Then, a bridge 95 is formed in which the
'slanting surfaces 953 and 95b of the (111) faces, slanted at

about 35°, intersect when viewed in cross section.



19 holes 5, 6, and 7, and if necessary, the indentations 50 (Fig. 9(b))..
In this state, the structure is etched using a hydrogen fluoride |iquid, so
that the portions of the silicon dioxide film 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 forned 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. Follow ng the step of
formng the silicon dioxide patterns, t38e structure is etched in an aqueous
sol ution of

If the etching process is further continued, the ridge
of the bridge is et;hed to be flat. However, the etching
process is stopped when the regions arcund the nozzle openings
and the ink sﬁpply path are shaped as intended. Accordingly,
the etching protecting pattern§ 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 p;th‘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 hole 75
A method similar to that used for forﬁing the bridge 95 may be
used for forming the bridge 102.

Also in this instance of the embodiﬁent, tﬁe-walls 7a

"and 7b of the path hole 7 are supported b}cthe.bridge 102.
Because of this structure, the width size of the path hole 5
and the path hole 7 can be méintained throughout the assembling

stage.



pot assi um hydr oxi 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 filmcorresponding to the wi ndows 63 and 64

are etched away at the rate of 2 [err]/mn., with the patterns 6la and 61b
t he etching

of the silicon dioxide filmas protecting filnms. 1In this case,

progresses fromboth sides of the substrate at an angle of approxi mately

35[err] to the surface of the substrate, viz., in the direction verti cal

the crystallographic axis (111). As descriggd above, the patterns 6la and

61b forned on the obverse the and reverse side of the silicon

single-crystal substrate 60 are forned so that the pattern 6la covers the

pattern 61b. Af the time of conpleting the etching process, a

20

| An ink jet printer head according to a second
embodiment of the present invention will be described with
reference to Figs. 30 and 3]. 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 defined by a couple of very thin
partition walls 111 and 112.

A spacer used for the ink jet printer head is
illustrated in Figs. 32a and 3éb. As shown, the narrow spaces
110 partitioning the pressure generating chambers 48 take  the
form of slits 114. Each slit 114 is extended from the ink
supply path 7 to a locatiqﬁ beyond the nozzie opening. 2. In
- the émbodiment,.the partition walls 111 and 112 of the chamber
partitioning means are 15 un:t“;%e pértition 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 discharge. A slanted bridge
95, triangular in cross section, traverses each pressure
generating chamber 48 in a state that it connects the partition

walls 111 and 112 of the ad jacent chamber partitioning means,

- ‘e

to

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



path hole 65 is formed which corresponds in size to the patterns 61b
defining the larger window (Fig. 9(d)). Even if a slight m salignnent 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 wi ndow since at |east the
edges of the patterns |ocated outside are the etching surfaces. Let us
consider a case where patterns 70 and 71 of the sanme size are forned on the
obverse and the reverse side of a subsB8#ate 72, as shown in Fig. 10. In
this case, if these-patterns are not aligned with each other, walls 72a and
72b are fornmed in line with the boundaries of the patterns 70a and 71a

| ocat ed OUP%b@%u&ep dehetateng3chamberf 48 neHen vhewetihgnpehéclosgbppdsnadl y
formed on the obverse and the reverse side of the substrate. The size of

t he path hdligeétibar fd the chiambetrchi ng process is different fromthat of a
path hol e defined by the patterns 70 and 71. As a result, it is inpossible
to control The bridge 95 is located on the side of the spacer 4,
| closer to the nozzle plate 1, and spaced from the vibrator
plate 1042 fixed distance. Provision of the bridge 95 is not
obstructive ih the flow of ink within the préssure generating
chamber 48. The thickness of the bridge 95 is selected to such
an eétent as to prevent the'partition walls 111 and 112 from
falling tbward the narrow space 110 or the pressure generating
chamber 48. 1In this embodiment, tﬁe height from tﬁe base of
the triangle (of the cross section of the bridge 95) to the
vertex is approximately 70 um.
In the ink jet printer head .thus constructed, the
piezoelectric vibrating elements 30, which vibrate in’ a
longitudinal viﬁration mode, are fastened at the first ends of
the'pressure generating chambers 48 and attached at the second
ends thereof to the isiands'll 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 Qibrating
elements 30 longitudirially expand fo compress the pressure
generating chambers 48 to cause pressure in the chambers.
The pressure generated expands the pressure generating .
chamber 48, thereby bendiﬁg the partition walls.lll and 112
toward the narrow spaces 110 and the vibrator plate 10 outward,-

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



the size of the path holes and the positions of the etching faces. After
the path hole 65 is forned, the silicon dioxide filnms 6la and 61b used as a
mask are renoved by using hydrogen fluoride. Thereafter, the structure is
thermally oxidized to forma silicon dioxide film®66 of a thickness of

[err]m for exanple, (this figure indicates a filmthickness
satisfactory for the protecting film over the entire exposed surface
thereof. This silicon dioxide filmg6-is used as a protecting film

against ink (Fig. 9(e)). During the course of the anisotropic etching
process of the silicon single-crystal substrate vertically oriented in

(110) till an inten&sd pattern is fornmed, the_etching progresses at_ an,
angl e of approxi mat 8P§ FREFIY PSS 4@ of the chamber partitioning

means, which parti;ion the pressure generating chambers 48,
absorb the deformation of the partition walls 111 and 112
~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 embodiment of-the ink jet printer
. head: As shown, in this spacer, a second slit 115 is formed
which extends in the direction of the array of the nozzle
openings 2. The seéond_slit 115 is continuous to the slits 114
as the narrow spaces 110 and opened at the opening 115a to the
air.

- With this structure, the narrow spaces 110 are not
closed by the nozzle plate 1 and the vibrator plate 10.
Accordingly, the partition @alls 111 and 112 are undeformable
under ambient temperature variatién.- |

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

Figs. 35a and 35b are plan views showing etching.
patterns for manufacﬁuring the spacer 4 structured as mentioned

above by etching ‘a §iiicon single-crystal substrate of the



vertically oriented in (110), viz., along the face vertically oriented in
(111) as shown in Fig. 11. In order to actively use this nature, as shown
in Fig. 12(a), an approximately 1/2 region of the path hole 5 for the
pressure generating chanber where it faces the nozzle opening is 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 blade-like 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 of3¢he path hole 7 is opposed to the -
wal | 7a thereof, which is inline wwth the wall 5a of the path hole 5.
Further, blade-like patterns 82 and 83 are fornmed on the inner sides of the

path hol e 6ckgsthli®ogesphiei axi8 21303t Byt Bal ahB85e rBdilClAEHEHE Hb tHbd | NE
with the walls 7a ang 78 of the iﬁk ssz y path 7, resSéctiveI?&FDuﬁqﬁgihe

ani sot r opi CFegcldsag Bhowesan! RichihgC PaitaskroWn USh&dsiA8 BECRNKRY sRatileyNs

thus formed, in the stage of -
single-crystal substrate on which the bridge 95 is formed, and
FQg.35b shows an etching pattern on the side thereof on whic;
a space is provided above the bridge 95 soc as to secure the
free flow of ink in the pressure generating chamber 48. 1In
Figs. 358 and 35b, the hatched areas indicate e£ching
protécting films.

In Fig. 35a, reference numerals 120a and 1205 indicate
windows for defining etching areas to secure spaces for the
pressure generating chambers 48 on one side of the silicon
single-crystal substrate. In Fig.3$b', referenée numerals 120c¢
and i2pd also indicate windows for defining etching areas to
secure spaces ﬁor 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 protectinglfilm 121b for resisting the
etching to a certain degree is formed in the etching pgttern on
the other side of the silicon single~crystal substrate.

Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-
crystal substrate (Fig. 35aj. 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.

’



formng the path hole 5 the etching progresses on the edge 80b of the
etching pattern 80 at a given angle to the wall 5b of the path hol e because
the etching pattern 80 includes the edge 22 80b. The etching progresses
to reach the region facing the nozzle opening, so that the nozzle opening
2, and the walls 5a, 5b, 5f, and 5g facing the nozzle 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 suchH’an extent as to prevent ink from
staying the inlet and outlet of the ink supply path as a narrow path for
ink flow. Wth thi wimidwsui 23eskadari@3pr fper the pach rkokeppley @ht thes

reservoirs are formed closer to the ink supply paths tb the
. pressure generating chambers. The windows 123a and 123b are
connected to the windows 120b and 120d for forming the pressure
generating chambers 48 by narrow windows 124a and 124b,
réspectiveiy. These narrow windows 124a and 124b are for
etching the path holes 7 for the ink supply paths. Etching
prote;ting patterns 125 are used for checking the progress of
an excessive etching into relatively narrow spaces, which is
caused by the edging effect in the anisotropic etching process.
of those- windows 120a to 120d for the pressure
generating chambers; the windows 120a and 120b on one side of
~ the silicon single-crystal substrate (Fig. 35a; are larger than
the windows 120c and 120d on the other side (Fig. 35b ) or vice
versa. The. same thing is correspondingly appiied to the
windows 124a and 124b.

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

A silicon single-crystal substrate 130 of the'
crystallographic axi§“(110), 220 pm thick (enough to satisfy

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



secured. In the stage of etching the path hole 7 for the ink supply path,
the bl ade-1ike 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 fornmed, walls
5d and 5e, slanted at the angle [err]1l - 30[err] to the walls 5c¢c and 7b,
are formed in the region or the juncti @8 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

t he juncti ogrggggsgf thg %q_[ﬂggﬁjeedz *\mée(flt PPeRY tPe t he IRSehiei!, afcr

shown in Fi a resu et an e outl et of the ink supply
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crystal substrate 130 by thermal oxidation process. The 1 um
thick of the film ;31 is sufficient for the f£film 131
functioning as a protecting film against ah anisotropic etching
liquid (Fig;36:(a)).

Photo-setting photosensitive layers are formed on the
silicgn'dioxide £ilm 131 on the obverse and the reverse side of
the silicon single-crystal substrate 130. After thé patterns
-(Fig. 352) 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 1light. Thereafter, the ‘
structure is immersed into photolithography 1liguid. The
exposed areas, i.e., the areas in which path holes are to be
formed,lon 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 1liquid. The silicon dioxide films 131 within the
windows 133 and 134 are removed.

As described above, the silicon dioxide pattern 13la
formed on one side of the substrate covers the silicon dioxide

| pattern 131b on the other side thereof (Fig.36 {(c)).

The structure is etched in an aqueous solution of
potassium hydroxide of'approximately 17 % in density, kept at
a fixed temperaturé?- for example, 80°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 ink. Fig. 13 is an enlarged, plan view showi 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 fromone anot her.
Therefore, blade-like patterns 82, 83, £', and 83", which are extended
fromthe path holes 7 and 7' to serve as ink supply paths to the pressure
generating chanbers, little lap. Figs. 14a and 14b are di agrans show ng

aroLher Pt Lt Dot BEnhURa7Eh SEI¢ SRl a1 W B Gkent Sl IR
6 to servergSe e e5C[Hmlin.l S wilth Be Pactr} "'PMa and 131b of the

silicon dioxide film as protecting films. In this case, the_
etching érogresses 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 (11%).

The patterns 13la and 131b formed on the obverse and
thé révérse side of the silicon single-crystal substFate 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 thé etching 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 formed 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 carried o;t while being defined by the
‘larger window 134.

When anisotropic etching process is carried out using
a pattern witﬁ only one window 136 (Fig.35!(e)), the etching
progresses along a specific crystal axis. As a result, the’

etching progresses while being defined by the window 136,



conti nuous pattern 85. A single blade-like pattern 86 is extended in the
axial direction of the path hole 7 to serve as the ink supply path. In this
pattern, the junction part of the ink supply path 7 and the path hole 6 for
the reservoir is blocked by the narrow continuous pattern 85.

Therefore, an wunnecessary progression of the etching can be stopped by

only one bl ade- like pattern 86. In a case where ink is supplied from one.
reservoir to two series of the pressure generating chanbers as in Fig. 13,
t he object can be achieved by form ng nar$®w conti nuous 24 patterns 85

and 85' near to the ends of the path holes 7 and 7' for the ink supply

paths and form ng bl ade-1i ke patterns 86 :
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 the
sides of the substrate, particularly only the side thereof to
be fastened to the nozzle plate 1, each of the resultant slits
is shaped trapezoidal in cross section as shown in Fig.37 a.
As.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 fhe spacer and the vibrator
plate 10 which receives force from the piezoelectric vibrating
members at the time of ink expelling. Further, mechanical
strength of the partition walls 111 and 112 is increased on the

.side of the structure not having the bridges 95 and to be
fastened to-tﬁe vibrator plate 10. '

In the above-mentioned embodiment, the slit is long
enough to cover the full height of the pressure generating
chamber. However, the length of the slit may be adjusted in
accordance with a compliance required for the pressure
generating chamber. If the length of the pressure generating
chamber is'so selected, the compliance optimal for the ink

_expelling can be obtained.

In the above-mentioned embodiment, the slits 114 are
formed from only one side of the spacer or the substrate by
etching process.- If'}equired, as shown in Figs. 38a and 38b,

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



and 86' extending fromthe narrow continuous patterns in alignment with
the path holes 7 and 7', as shown in Fig. 15. Therefore, if these are

di spl aced fromthe nozzle positions of the nozzle series, the blade-like
patterns 86 and 86' may be laid out in a plane without |apping them 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 52 are additionally forned on the
wal | 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 [err]8

= 152[ err] ghg dshepedlformed @ HHRI gatd dXhs OH N s fdéd 0o £ Nendes i ¥BcoRS
shown in Fig. 17. An angle [err]7 is approximately 125[err]. An angle

[err]6 of ishaguelderyidtaivaubstiraket.0 the slitacarel fbkmedpbgestdhing the

approximately 35. As the result of the etching process, a total of seven

wal |'s are. saliednasingdet-eeystall subperatg Zromhbsthwaitiesatkereof using
t@g windows. Iﬁ this case, the opening areas of the top and
the bottom-end of each slit are equal to each other, as shown
in Fig. 37b.

When this slit forming method by processing the
substrate from both sides thereof by anisotropic_etching
process is applied for a case where the noizle opénings are
arrayed at relatively large pitches, it is easy to obtain the
compliance as intended.

In the above-mentioned embodiment, the partition walls
horizontally defining the pressure generating chamber afe
uniform in thickness. However, the narrow spaces 110 may be.
constructed deviated to one pressure generating chamber as
shown in Fig.:39. In this case, of the partition walls 111 and
112 horizontally defining the pressure generating chamber, the
partition wall 111 takes the charge of the compliance.

In the above-mentioned embodiments, the so-called face
ink jet printer head in which the nozzle plate, the spacer, and
the vibrator plate are stacked one on 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 another, and the nozzle openings are formed in



five walls 5a, 5g, 5f, 5h, 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 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
S 25 secured in the vicinity of the nozzle opening 2. Accordingly, stay
of bubbl es never happens. As in the enbqg ment where the four walls are
formed around the nozzle opening 2, a path hole 92 for an ink supply path,
whi ch conhects a path hole 90 for a pressure generating chanber to a path

hole 91 for a reserv be .f or ned such t hat wall.s 90c¢c d
formed whi &her &n8h) q&gpy éﬁtéﬁﬁédpx sure generating chamgegg ?ﬁﬁen

longitudinally v;ewe@).

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

Flg 40 is an enlarged, perspective view showing a key
portién of an ink jet printer head according to a third
embodiment of the present invention. In Fig. 40, a nozzle
blate with nozzlé openingéiﬂoa,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'genérating chaﬁbers 201, ink sﬁpply péths 202, and:
reéervoir 203, are formed by called anisotropic efching process
using an etching liquid in which an etching rate‘depénds on the
crystal oriéntation. The surface of each ink path is tempered
by a protecting fiim (not shownl in which impurity atoms are
added to silicon by thermally diffusing oxygen atoms, thereby
improving the resi#tance properties of the ink path against ink
ahd 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.



fromthe |ongitudinal walls 90a and 90b defining the pressure generating
chanber, and the path hole 92 is |located 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
wal I's 90c and 90d outwardly expanded fromthe |ocations near to the center
of the end of the chanber toward the preggure generating chanber, and walls
90e and 90f secondarily forned along the crystal axis during the etching
process. Ink flows fromthe reservoir to the pressure generating chanber

nore smoothly, W thopie Sk Shibplyf patth 20D £s. tAlangulhe (8hapsld ilike V)
formed, the etching process is further continued. Then, the etching

of the walip c51f:o§§|§éé£i/6ﬁ¥ #M@UL €500 Lufiee iencsnfllere tlhh Shat! oferthieo
the wall 5b grows, so that the wall 5g fornmed in the previous step
di sappear s. préifsiird Qfeildrating ehamber 204scohtoared@ectiangularly. Flow
resistance of the ink supply path 202 is larger than that of
the pressure .generating chamber 201, thereby improving the
éfficiency,of forcibly discharging ink droplets. At thg time
of ink expelling, the quantity of ink flowing into the nozzle
1210 is lncreased, while at the same time the quanti;y of ink
flowing into the reservoir 203 from the ink supply_ﬁéth 202 is
decreased. The space to be the pressure generating
chamber 201, contoured parallelogram, is enclosed by the (11l1)
faces parallel to the crystal axes <211>. The space to be
the ink supply path 202 is defined by the (111) faces slanted
parallel to the .<110> axis. The space  for the ink supply
path 202 is located at the acutely angled corner of the
paiallelogram of the pressure generating chamber 201, in order
to secure a smooth flow of ink and a smooth discharge of ink
bubbles. .
A method of manufacturing'the ink jet printer head thus
structured wilfT;: described. |
Figs.41 .(a) to 41(d) show a set of diagrams showing a
.sequence of steps for manufacturing.the ink jet printer head
according to the present invention.
A silicon single-crystal substrate 200 in which the

crystal face of the surface of the substrate is vertically -

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



wal I s 5a, 5g, 5f', 5f1', 5f2', and 5b, which are arranged at obtuse angl es
in plan and standing up at a right angle to the 26 surface of the
silicon single-crystal substrate, are fornmed around the nozzle opening 2.
Ink snoothly 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
pat h, which connects a path hole 90 for a pressure generating chanber to a
path hole 91 for a reservoir; may be fé4med such that walls 90c and 90d are
formed which are -obliquely extended fromthe |ongitudinal walls 90a and 90b
defining the pressure generating chanber, and the path hole 92 is |ocated

substantial yod Ne8hb@PIEREe Wohd ¥ SRLELE1hE"addnt, such as oxygen or
agqueous vapor, thereby diffusing oxygen atoms in tpe surface
region of the substrate. In this embodiment, through the
thermal oxidizing process, a film 230 made of silicon oxide,
1.7 um thick, 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 oxide.
proce;s,‘such as CVD (chemical &apbr depositién) method, an ion
implantation method and anode oxide method, may b; used for
fo:ming the f£film 230. The silicon substrate film may be
replaced by a silicon nitride £film, a called p-type silicon
film added with boron or gallium.atoms,.or a called n-type
silicon film added with arsenic or antimony atoms.

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

a thikness o .
200 o£,0.18 mm was used.

Resin resist is applied to the silicon single-crystal
.substrat'e, thereby forming a pattern thereon. The silicon
oxide film 230 is selectively et;hed away using acid etching
liguid, 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 theiprevious
process step appears on the substrate as shown in Fig.g) (a).

A window 231 is a location for the pressure generating chamber



the pressure generating chanber (Fig. 21). 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 | ocations near to the center of the end
of the chanber toward the pressure generating chanber, and walls 90e and
90f secondarily forned along the crystal axis during the etching process.
Ink flows from the reservoir to the#5 pressure generating chamber nore
snoot hly, without any stay of ink bubbles. The above-nenti oned spacer has
such a structure that the path holes 5 for the pressure generating chanbers
the path hobgs.fos #hRdbwk23upREyapadbbationafdbrd Rtheaink heuppslp patht2e2.

reservoirs are fornmed in the thin silicon single-crystal substrate of
appr oxi nat eAyw2R8opn2BBi £K. al DothAtsont foct the rdwersidiat rz02.

The silicon single-crystal substrate 200 is etched bg
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 aniso£ropic

'etchihg'process ends in a state shown in Fig. 41 (c) though a
state shéwn 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 -i;- undergoes the

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

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

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

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

90 minutes in an aqueous solution containing sodium hydroxide



27 is segnented at |ocations near the path holes for the pressure
generati ng chanbers. Accordingly, the upper side of the substrate is
easily slid against the |l ower side thereof and vice versa. Wth this
structure, when the spacer is inserted between the nozzle plate 1 and the
vibrator plate 10,. and those nenbers are bonded together, those path hol es
5 and 7 are frequently deforned. In other words, the walls defining the
pressure generating chanbers are extendetf in a cantil ever fashion. Wen

t he spacer-is bonded -to other related nenbers, the walls are easily bent.
If the walls are bent, the path holes 7 for. the ink supply paths are

deformed. Fog. 202adts & Pliptyisy §10¥CNg The gesudtant Ftruchacerwabi &8
wi t hstands the deformation of the path holes for the pressure generating

chanber 48 shewhh&np®il.hdl¢e)? for the ink supply paths. This

undef ormabl e structure is applied for _
A partition wall 234a, depending upon the vertical

(111) faces, for partitioning 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 partitioning
the spaces 202a to be the ink supply paths and the spacé 203a
to be.tﬁé reservoir are removed by an isotropic etching liquid,
.such as an aqueous solution of fluorine oxide. Tﬁe silicon
‘oxide film 230 is also reﬁoved in the etching process using the
isofropic etching liguid. 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 partition walls 234.

Then, a protecting film (not shown) is formed for
obtaining a desired resistance properties of the ink path
against ink and a desired 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'ihe étep for
forming the mask pattern 230. It is suggestible to form a
silicon oxide film by the thermal oxide process.

With provisigh of the partition walls 234 (234a and

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



t he above-nentioned spacer structure of the type in which seven walls are
formed around the nozzle opening 2. Fig. 22b is a plan view show ng
relative positions of the pressure generating chanber 48, the nozzle
opening 2, and piezoelectric vibrating elenents 30 of the spacer.

Fig. 23 is an enlarged view showing the configuration of a path hole
formng the pressure generating chanber and its related portions. As shown,
a path hole 5 form ng a pressure genefhati ng 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

6o, 220 ha TR I in Ghedl fYe dethind B e ARt e A R RE R 0T ¢

at a locat%ﬁ@‘ﬂé%%fléf&gram that secondarily occurs in the anisotropic
etching process. As a result, the spaces 20la and 202a can be,
shaped as desired.

It is noted that the ink supply paths 202 and the
pressure generating chambers 201 are integrated into a s}ngle
part (silicon single-crystal substrate 200). With this
strucéur;, the precise shaping as one of the advantageous
features of silicon is well used to provide uniform discharging
characteristics of the ink paths and less variation of the
product characteristics of lots. Only the (111) faces where
the etching rate is low when compared with other crystal faces
are left. Accordingly, a tolerable range within which the
etching.conditions may be varied in the anisotropic etching
process is Dbroad. 'Extremely stable products can be
manﬁfactured. |

Fig. 42 is a perspeétive view showing a key portion of
an ink jet printer head according to yet another embodiment of
tﬁe present invention. In this embodiment, each pressure
generating chamber 201 is provideé 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 gene;ating.chamber 201. With this, a-

smooth flow of ink aﬁa a smooth discharge of ink bubbles are

ensured.



the path hole 7. The bridge 95 fornmed across the path hole is slanted at
angles [err]9 = 126[err] and [err]10 = 55 to the walls of the path hole 5,

whi ch define the pressure generating chanber. The cross sectlonal

structure of the bridge 95 is shown in Fig. 24. £ e! '.1$”TT;'”Jb ri angl e

of which the bottom 95c lies on the side of the s fi AT QAR B nt act
nt ed

with the nozzle plate. A slanting surface 95a of
so as to increase the cross section of 48e pressute—gepefa

toward the nozzle opening 2, and at an arigle [err] 11 (about 35[err]
surface of the nozzle plate. Another slanting surface 95b is slanted toward

the ink supply patlFig.atqpisaagpberspectie( appwoshowiagyadkeyt potbeonogz! e

plate. The angle of the bridge 95 at its vertex is an obtuse angl e,

appr oxi mat any ihl0. jethepreinter hémd bacdged2hgcaosas furtiost cemmddimént nof he

pressure generating chanber, and hence
the present - invention. Spaces 204a which substantially
depérmine the volumes of the nozzle openings are also formed
like the spaces 202a of the ink supply paths 202. .The nozzle
openings 204 are located on @ peripheral edge of the silicon
s;ngle-crystal substrate 200. The ink jet printer head of.this
embodiment is aiz;lled edge ink jet printer head. ~Since a
plural number of the nozzle openings 204 are arrafed on one
side face of.the silicon single-crystal substrate 200, the
peripheral edge 200a is finished to be flat by cutting means,
.such as a rotary grinder. .

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

; single-crystal subétrate 200. Each ink supply path 202 is

lsupported.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 siaes. 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 rea;ized although the silicon of the silicon single-crystal

substrate 200 is fragile.



does not i npede the flow of ink therein. The height h of the bridge 95 is
sel ected to be such g¥ H—?a cngﬁi ‘p i npede the flow of ink and as to

is
Vi ews

secure a satlsfactory e bridge. The 1
preferably 25 % of t of the gpacer. dsiiS 85Eah HASMEEN'

showi ng etch| .ng patt or forming the gressufERid§@&Dat i ngj
chanbers wllaims:ne 29 br| dges 95. An et ching protecting patterm ot
defining the ban oleSJJemfpthe:brl head9Gompriisimed i n a | ocation (facing

t he nozzl e openj t N

t he whol e presgjr gene a}g&bﬂ #r% f&dﬁﬁgtﬁgtg ?‘?llo%% Ito(a'r't Sga{}equoszdgférﬂhn%
slanting side tgressyre mngratmgldahmberpl(aae 201 )paandrinicds Aed nbzle
which are rel atd@’&l%é?r(ﬂ’v i{\{l&Q, 204), ink supply paths (104, 202), and

reservoirs (203),

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

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

wherein the spacer (4, 200) is silicon single-crystal
substrate (60, 72, 130) vertically oriented in (110) that’
.is processed by an:.sotron:.c etching process in such a
manner that a bridge means (95, 102) is formed across one
. or more of the path holes (5, 7, 80, 82) fommg the
pressure generating chamber (48,201) and -the ink supply |
path (104, 202), respectively. -

2. .The ink ‘jet printer head according to claim 1, where:.n the
" bridge means (95, 102) includes at least two surfaces (95a,
95b) slanted to the surface of the spacer (4, 200), shaped
in triangular in cross section, and the height of the
bridge means (95, 102) from the base of the triangle
thereof to the vertex is smaller than the thickness of the
spacer.

3. The ink jet printer head accbrding to claim 2, wherein the

_ slanted surfaces (95a, 95b) of the bridge means (95, 102)

are each slanted at an angle of approximately 35° to the
surface of the spacer '(4., 200).

4. The ink jet printer head according to claim 1 to 3,
wherein a partition wall (105) is formed across the path
hole (6, 91) for the reservoir (203) while traversing the
ink supply path (104), which receives ink from an external
ink tank.

U \II\




conpared with the etching protecting pattern 96, are formed in the

| ocations near to the centertHne-of the etching pattern 96. These narrow
patterns 99 and 100 are not allgned wi th each other. An etching propectlng

pattern 97a, shapedyl.iispenpbgsted is extended on one of the bousddTEs of
the etching prote 96 in parallel wth_the=wal @a@ﬁeﬁ &\ path
hole 5 for the pram“ﬂm &l‘ﬂgl\: ng charer. An et c-wgspi'"", pAtTe L ern
98a, shaped |ike ended fron1the wal | 5c ofE i hole 5

toward the path hole 5: The wall 5c faces the wall the path 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

i nk supply path). A straight pattern, connected at the central part thereof
to the paiternise %hrﬁﬂ@ﬁxn&ﬁ@ea@@c&idnﬂm@ eralarllaifine 4 ;afwne:asim athe he

strai ght paitéhiskie%€5é?n€%§d b* ferenc upfﬁgs g wi@y EHEEEAéH“

si de t her eof
from 20 um to 8¢ um.

6. The ink jet printer head according to claim 4 or 5,
wherein the partition wall (105) is obligue to the array.
(3) of the nozzle openings (2).

7. The ink jet printer head according to claim 1 to .6,
wherein partition walls (111, 112) for partitioning the
pressure generating chambers (48, 201) are provided,
separated from each other by space (110) in the form of a
slit (114), and each of them having such a thickness as to
be resiliently deformable when a pressure is applied for
ink discharge.

8. A method of manufacturing. an ink Jet prlnter ‘head
comnrzsxng the steps of :

forming a first pattern substantially aligned with the base

"of a bridge means triangular- in -cross section which is
formed one of the major surfaces of the spacer, and forming
at least two narrow etching protecting patterns and second
etching protecting patterns for coﬁnecting the narrow
etching protecting patterns to etching protecting patterns
forming one of the walls of the pressure generating
chambers and the ink supply paths, the etching protecting
patterns and the second etching protecting patterns being
formed on the other major surface of the spacer, wherein
the second etdhing protecting patterns are not aligned with
each other so that the prolonged lines drawn on the second
etching protecting patterns are not overlaid one on the
other.

i ————
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are | ocated corresponding to the narrow etching protecting patterns 97a
98a. SGMWQetPIsquemmsplaceﬂl ngl e-cryst al substrate vertically

and
oriented in (1 ch| ng protecting patterns
h| ng mnet hod. The ety proor, naliong
S ante

et ched by the D ¢
the (111) face an angl e of approxi nat ell} T U e oliverse

and the reverse side of the silicon sgngle-crystal:
above (Fig. 27(a)). |In a stage where the etchi ng,“ﬁfc starts fromthe

obverse and the reverse side of the substrate, progresses into the
substrate, INX JETh®RINTIhHEAD]ANON A SEIHOD RO MANURACTURING THE $SAMEKness
of the substrate (Fig. 27(b)), the edg'e 80b of-
| 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
cl'tambers (48, 201) in accordance with print data. In
processing a silicon single-crystal substrate vertically
oriented in (110) by anisotropic etching process, one of
the walls of a path hole for forming a pressure
generating chamber (48) is aligned with one of the widlls
of a path hole for forming the ink supply path. Walls
defining the path hole for forming ‘a pi‘essure generating
chamber (48), which are located in the wvicinity of a
nozzle opening (2), are connected to each other at an
obtuse angle. As a result, the ink supply path serving as
a narrow path for ink flow and the pressure generating
chamber (48) are formed as smooth flow paths. The walls
-in an area in the vicinity of the nozzle opening (2).
where ink tends to stay are substantially equally
distanced from the nozzle opening (2). A smooth flow of

ink is ensured.

FIGURE 8



the etching pattern 80 grows in the direction substantially vertical to the
(110) face of the silicon single-crystal substrate (Fig. 27(c)). Thus, the
etching vertically progresses up to the end of the etching protecting
pattern 96 on the nozzle plate side. In other words, the etching progresses
so that the surface of the substrate is left at the angle of about 35, and
progresses till it intersects the etchiqg 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
regi ons covered with the etching prOt%FEch patferns 97a, 98a, 97b, and
98b, the etching progresses in the dirke N substantially vertical to the
obverse and the reverse side of the silicon single-crystal substrate so as
to shorten-




31 the regions. Wth these patterns, the etching reaches the boundary of
the etching protecting pattern 96. Then, the etching progresses so that
the surface slanted at the angle of 35 to the.surface of the silicon
singl.e-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 g&otecting pattern is bifurcated
into two patterns. Wth the bifurcatidn, the etching advances toward the
wal s 5a and 5b, while the etching advances in the sanme direction as that
of the etching protecting patterns 97a, 97b, 98a, and 98b (Fig. 28(c)). As
recall ed, the narrow etching prote;@f pangrns 99 and 100, which formthe
S |

ridge of the bridge triangular in .se on, are not aligned with each
ot her. Accordingly, an edge :
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part where the (111) faces intersect is fornmed, thereby preventing the
formation of a vertical wall. If the etching protecting patterns 99 and 100
are aligned with each other, a wall of which the crystal face of (111) is
vertical which resenbles in shape the etching protecting patterns 99 and
100 is formed. This wall segments the pressure generating chanber into two
sections. After the etching protecting patterns 99 and 100, which are
formed on the vibrator plate side, disaﬁbear, 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[err], intersect when
viewed in cross section. 32 If/EﬁéietqﬂinEaprocess I's further continued,
the ridge .
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of the bridge is etched to be flat. However, the etching process is
stopped when the regions around the nozzle opening and the ink supply path
are shaped as intended. Accordingly, the.etching protecting pafterns 96,
99, and 100 are determned by the timng of the stop of the etching
process. In the above instance, the bridge 95 is formed across the path
hole 5 to be the pressure generating chaﬁper 48. |If required, it may be
formed across the path hole 7 to be the I'nk supply path, as shown in Fig.
29. As shown, a bridge 102 triangular in cross section is formed across
the path hole 7. A nethod simlar to that used for formng the bridge 95
may be used for formng the bridge 1 sortn this instance of the
enbodi ment, the walls 7a and 7b of t}é?&iilw |l e 7 are supported by the
bri dge 102. Because of this structure, the wdth size of the path hole 5
and the path hole 7 can be naintai ned thr%ﬁghout tgs assenbl i ng stage.
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33 An ink jet print

I nvention will be described with reference to Figs.

the ink jet printer

by uni que chanber partitioni ng neans.
consists of a narrow space 110 defined by a couple of very thin partition

walls 111 and 112.

er head according to a second enbodi nent of the present

A spacer used for thegink jet printer head is

illustrated in Figs.32a and 32b . As shown, the narrow spaces 110

partitioning the pr

essure generating chanbers 48 take the formof slits
114. Each slit 114 is extended fromthe ink supply path 7 to a | ocation
beyond the nozzle opening 2. |In the enbodinent, the partition walls 111

and 112 of the chanber

FIG. 7a
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30 and 31. As shown,
head, pressure generating chanbers 48 are partitioned
The chanber partitioni ng means

in



partitioning means are 15 [err] thick. The partition walls 111 and 112 have
such a thickness as to allow these walls to be resiliently deformabl e when
the walls receive a pressure caused when a pressure is applied to ink for

i nk 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 neans, 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. 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 fi xed

di stance. Provision of the bridge 95 is’ not
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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 fromfalling toward the narrow space 110 or
the pressure generating chanber 48. In this enbodi nent, the height fromthe
base of the triangle (of the cross section of the bridge 95) to the vertex
is approximately 70 [err]m In the ink jgt printer head thus constructed,
t he piezoelectric vibrating elenents 0, which vibrate in a _
| ongi tudi nal vibration node, are fastened at the first ends of the pressure
generating chanbers 48 and attached at the second ends thereof to the
islands 11 of the vibrator plate 10. Drive signals based on print data are
applied to the print head. In response to the drive signals, .the
pi ezoel ectric vibrating elenents 30 |ongitudinally expand to CONPEGSS t he
pressure generating chanbers 48 to cause pressure in the chanbers. The i
60
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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 opening 2. 35 The narrow spaces . 110 of
t he chanber partitioning means, which partition the pressure generating
chanbers 48, absorb the deformation of the partition walls 111 and 112
defining the narrow spaces 110, thereby blocking the transfer of the

di spl acenent of the partition walls 111 and 112 to the adjacent pressure
generati ng chanmbers 48. Provi sion of the ﬁ%rrOM/spaces 110 effectively
prevents the cross talk. 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 forned

FIG. 10
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whi ch extends in the direction of the array of the nozzle openings 2. The
second slit 115 is continuous to the slits 114 as the narrow spaces 110 and
opened at the opening 115a to the air. Wth this structure, the narrow
spaces 110 are not closed by the nozzle plate 1 and the vibrator plate 10.
Accordingly, the partition walls 111 and 112 are undeformabl e under anbi ent
tenperature variation. In this instange of the enbodi nent, the narrow
spaces 110 defined by the partition walls 111 and 112 are connected to the
second slit 115 | ocated at one end of the spacer 4. If required, these

" narrow spaces 110 or the slits 114 };7 ecgz be_opened to the air at
both ends of the spacer |nd|V|duaIIy éE. z? d 35b are plan views

showi ng et ching patterns f nanufgﬁturlng the s cer strucbzred as
nmenti oned above by etchlng silic si ngl e- &ryst/8 supstrat ebf tHe
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36 crystallographic axis (110),by an anisotropic etching nethod. Fig. 35a
shows an etching pattern on the side of the silicon single-crystal
substrate on which the bridge 95 is 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 chanber
48. In Figs. 35a, and 35b; theilghatched areas indicate etching
protecting filnms. In Fig. 35a, reference nunerals 120a and 120b i ndicate
wi ndows for defining etching areas to secure spaces for the pressure

generating chanbers 48 on one side o siTyconxsi ngl e-crystal substrate.
In Fig.35b , reference nunerals 120c 12 al I ndi cate wi ndows for
defining etching areas to secure sgaces for g he pressyre geperatigg
chanmbers 48 on the : : } J /

s
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other side of the silicon single-crystal substrate. A protecting
film1l2la for protecting an area corresponding to the bridge 95 agai nst the
etching is forned between the w rdows 120a and 120b. A snal| protecting
film121b for resisting the etching to a certain degree is fornmed in the
etching pattern on the other side of the silicon single-crystal substrate.
Narrow wi ndows 122a and 122b are forned in the etching pattern on the
nozzl e opening side of the silicon i'ngle- crystal substrate (Fig. 35a).
The narrow wi ndows 122a and 122b ra bes bet ween the wi ndows 120a and 120b
for formng the slits 114 each defined by the partition walls 111 and 112.
37 Wndows 123a and 123b for the path holes 6 of the reservoirs are forned
closer to the ink supply paths to the

FIG. 16
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pressure generating chanbers.” The wi ndows 123a and 123b are connected to
the wi ndows 120b and 120d for form ng the pressure generating chanbers 48
by narrow wi ndows 124a and 124b, respectively. These narrow wi ndows 124a
and 124b are for etching the path holes 7 for the ink supply paths.

Et ching protecting patterns 125 are used for checking the progress of an
excessive etching into relatively narrqw spaces, which is caused by the
edging effect in the anisotropic etchiﬂg process. O those w ndows 120a
to 120d for the pressure generating chanbers, the w ndows 120a and 120b
on one side of the silicon single-crystal substrate (Fig. 35a) are |arger
than the w ndows and 120d on the other side (Fig. 35b) or vice versa.
The sane thing is corr ingly applied to the wi ndows 124a and 124b.
More specifically, the w
substrate are about 5 |

FIG. 17




t hereof so that the former wi ndows can cover the |latter ones when those

w ndows are erroneously positioned in the stage of printing the etching
patterns. An anisotropic etching process will be described. 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 film131 of 1 [err]mthick,
for exanple, is forned on the entire sub} ace of the silicon single- crysta
substrate 130 by thermal oxidation process. The 1 [err]mthick of the film
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Phot o-setting photosensitive |ayers are fornmed on the silicon dioxide film
131 on the obverse and the reverse side of the silicon single-crystal
substrate 130. After the patterns (Fig. 35a) are positioned on one side of
the substrate and the patterns (Fig. 35 c) 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 hgles are to be forned, on the

substrate are dissolved to formthe windows 133 and 134 since those areas
are not hardened (Fig.36 (b)). In this state, the structure is etched using
hydr ogen fluoride |iquid. The silicon dioxide filns 131 within the

wi ndows 133 and 134 are renoved. As described 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 sol ution of

FIG. 19
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pot assi um hydr oxi 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 wi ndows 133
and 134 are etched away at the rate of 2 [err]mmn., with the patterns
131a and 131b of the silicon dioxide filmas protecting filnms. In this
case, the etching progresses fromboth sides of the substrate at an angle
of approximately 35[err] to the surfacg of the substrate, viz., in the
direction vertical to the crystallographic axis (111). The patterns 13la
and 131b fornmed on the obverse and the reverse side of the silicon

single-crystal substrate 130 are sizF%QEEché? t one pattern covers the
ot her patter, viz., the boundary of tc protecting pattern defining

i,




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 pattern in a mrror imge 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
t he obverse and the reverse side of the ggbstrate is not exact, the etching
is carried out while being defined by the | arger wi ndow 134. Wen

ani sotropic etching process is carried out using a pattern with only one
w ndow 136 (Fig.36 (e)), the etching progresses along a specific crystal
axis. As a result, the etching progresses while being defined by the

w ndow 136, '
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40 thereby to forma concavity 138 trapezoidal in cross section on the

w ndowfornmed side of the structure (Fig. 36 (f)). Wien slits are thus
formed by ani sotropic etching process using the wi ndow 136 that is forned
on only one of the sides of the substrate, particularly only the side
thereof to be fastened to the nozzle plate 1, each of the resultant slits

I s shaped trapezoidal in cross section ag shown in Fig. 37 a. As seen from
the figure, the opening area of the slit zhat faces the vibrator plate 10

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

strength of the partition walls 111 and 112 is increased on the side of the

structure not having the bridges 9 to fastened to the vibrator
plate 10. ii :?
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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 with a conpliance required for the
pressure generating chanber. If the length of the pressure generating
chanber is so selected, the conpliance optimal for the ink expelling can be
obtai ned. In the above-nent,i oned enbodi nent, the slits 114 are forned from
only one side of the spacer or the suigstrate by etching process. If
required, as shown in Figs. 38a and 38b, narrow w ndows 122a and 122b, and
122c and 122d for formng the 41 slits are formed on the patterns on
both sides of the silicon single-crystal substrate. The slits are formed by
etching the
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silicon single-crystal substrate fromboth sides thereof using the w ndows.
In this case, the opening areas of the top and the bottom end of each slit
are equal to each other, as shown in Fig. 37b. Wien this slit form ng

met hod by processing the substrate from both sides thereof by anisotropic
etching process is applied for a case where the nozzl e openings are arrayed
at relatively large pitches, it is easy to obtain the conpliance as
intended. In the above-nentioned enbodi nggt, the partition walls

hori zontal ly defining the pressure generating chanber are uniformin

t hi ckness. However, the narrow spaces 110 may be constructed deviated to
one pressure generating chanber as shown in Fig. 39. In this case, of the
partition walls 111 and 112 hori zontally defining the pressure generating
chanmber, the partition wall 111 takes of the conpliance. In the
above- nenti oned enbodi nents, the so- caVE?é?h
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ink jet printer head in which the nozzle plate, the spacer, and the

vi brator plate are stacked one on another, has been discussed. It is
evident that the present invention is applied to the spacer of a called
edge ink jet printer head in which the nozzle plate, the spacer, and the
vibrator plate are stacked one on another, and the nozzle openings are
formed in 42 the end faces of the pressure generating chanbers (when

| ongi tudinal Iy viewed). The spacer nad@9%f silicon in which the pressure
generating chanbers, the spacer, and the reservoirs are fornmed by the path
hol es has been described. Anot her type of the spacer will be descri bed.
Fig. 40 is an enlarged, perspective view show ng a key
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portion of an ink jet printer head according to a third enbodi nent of the
present invention. In Fig. 40 , a nozzle plate with nozzl e openings 210a,
spacer 200, and a vibrator plate 211 are stacked to formink flow paths. .
The spacer 200 is nmade of a sili-con single-crystal having the crystal face
vertically oriented in (110). Spaces which substantially determ ne the

vol unes of the-ink flow paths of presswyge generating chanbers 201, ink
supply paths 202, and reservoir 203, are formed by called anisotropic
etching process using an etching liquid in which an etching rate depends on
the crystal orientation. The surface of each ink path is tenpered by a
protecting film (not shown) in which inpurity atons are added to silicon by
thermal |y di ffusing oxygen atons, thereby inproving the resistance
properties of the ink path against ink and the affinity thereof with ink.
The protecting filmis not essential to the present invention. Wen ink

used is properly s IFptad qq,gd'us,qpi [ hefgiisyno need of using the
protecting ! bpr oy ;“ ! /,,)o
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film 43 The ink supply path 202 is triangular (shaped like V) in cross
section, and its volune is snmaller than that of the pressure generating
chanber -201 contoured rectangularly. Flow resistance of the ink supply
path 202 is larger than that of the pressure generating chanber 201

t hereby inproving the 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 tinme the quantity of ink flowing into the
reservoir 203 fromthe ink supply path2202 is decreased. The space

to be the pressure generating chanber 201, contoured parallelogram is
encl osed by the (111) faces parallel to the crystal axes <211>  The space
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the ink supply path 202 is defined by the (111) faces slanted parallel to
the <110> axis. The space for the ink supply path 202 is | ocated at
the acutely angled corner of the parallelogramof the pressure generating
chanber 201, in order to secure a snooth flow of ink and a snooth di scharge
of ink bubbles. A nmethod of manufacturing the ink jet printer head thus
structured wll be described. Figs.41 (a) to 41(d) show-a set of diagrans
showi ng a sequence of steps for manufacturing the ink jet printer head
according to the present invention. A sjl]icon single-crystal substrate 200
in which the crystal face of the surfadd of the substrate is vertically
oriented in (110), is heated at 900 to 1100 [err]C , and placed in
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44 hi gh tenperature gas of oxidizing agent, such as oxygen or aqueous
vapor, thereby diffusing oxygen atons in the surface region of the

substrate. In this enbodi ment, through the thermal oxidizing process, a
film230 made of silicon oxide, 1.7 [err]mthick, was forned. The
silicon dioxide film230 is used as a mask in the step of anisotropic
etching process to be given later. Any of other nethods than the thernal

oxi de process, such as CVD (chem cal vapor deposition) nethod, an ion

i npl antati on met hod and anode oxi de nefghod, may be used for form ng the
film 230. The silicon substrate filmmay be replaced by a silicon nitride
film a called p-type silicon filmadded with boron or galliumatons, or a
called n-type silicon filmadded with arsenic or antinony atons. The

t hi ckness of the silicon single-crystal substrate is preferably 0.1 to 0.5

mm nore preferably 0.15 to 0.3 n tE? present enbodi ment, the silicon
single-crystal substrate Fﬁ/ j
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200 of a thickness of 0.18 mmwas used. Resin resist is applied to the
silicon single-crystal substrate, thereby formng a pattern thereon. The
silicon oxide film230 is selectively etched away using acid etching

| i quid, such as an aqueous solution 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). Awindow 231 is a location for the pressure generating chanber
45 201. A window 232 is a location fo25the ink supply path 202. A w ndow
233 is a location for the reservoir 203. The silicon single-crystal
substrate 200 is etched by ani sotropic etching process, using an etching

liquid in which
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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 potassium
hydr oxi de. The ani sotropic etching process ends in a state shown in Fig. 41
(c) 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 sane appear in the
window 231 after it undergoes the anisotropic etching process. A
slanted (111) face appears also in the Wbndow. The ani sot ropi ¢ etching
process is further continued. Then, the slanted (111) face di sappears
and a vertical (111) face appears. Through t he above process steps, spaces
20l1a each of which substantially determ nes the volume of a pressure
generating chanmber 101, spaces 202a each of which substantially det er ni nes
the volune of the ink supply path 202, and a space 203a which substantially
determ nes the volune of the reservoir 203 are fornmed while being -

partitioned
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et chi ng,
m nutes in an aqueous sol ution containing sodi um hydroxi de 46
kept at 80 [err]C, The resultant structure was as shown in Fig. 41(c).
234a, dependi ng upon the verti cal _
partitioning the spaces 20la to be the pressure generating chanbers 201 and
t he spaces 202a to be the inmk supply2paths, ‘and a partition wall
partitioning the spaces 202a to be the ink supply paths and the space. 203a
to be the reservoir are renoved by an isotropic etching |liquid, such as an
aqueous solution of fluorine oxide. '

partition wall

FIG. 36 3

FIG 36 b.
F/G. 36 -C

FG 36 d

FIG. 36 e

FIG. 36

(111) faces, for

The silicon

by vertical (111) faces 234. In the present enbodinent, for the anisotropic
the silicon single-crystal substrate 200 was i mmersed for about 90
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oxide film230 is also renoved in the etching process using the isotropic
etching liquid. The etching rate in this etching process is substantially
equal to that in the etching process for the silicon single-crystal
‘substrate 200. Accordingly, the thickness of the partition walls 234 is set
at 1.7 [err]m equal to that of the silicon oxide film 230. | npact by
ultrasonic vibrations, 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 properties of the ink
path against ink and a desired affi28ity 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 form ng 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 the
spaces 20la and 202a, there is

FIG. 37 (p)
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47 elim nated an excessive etching at the acutely angled corner of the
paral | el ogram that secondarily occurs in the anisotropic etching 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 pressure generating chanbers 201 are
integrated into a single part (silicon single-crystal substrate 200).
Wth this structure, the precise shaping as one of the advantageous
features of silicon is well used to provide uniform di scharging
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
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etchfng conditions may be varied in the anisotropic etching process is

br oad. Extrenely stable products can be manufactured. Fig. 42 is a
perspective view showi ng a key portion of an ink jet printer head accordi ng
to yet anot her enbodi nent of the present invention. In this enbodi nent,

each pressure generating chanber 201 is provided with a plural nunber (two
in this enbodi nent) of ink supply paths 202. Spaces 202a to be the ink
supply paths 202 are respectively |located the acutely and obtusely angl ed
corners of the parallelogramof the §§ace 201la to be the pressure
generating chanmber 201. Wth this, a“Snooth flow of ink and a snooth

di scharge of ink bubbles are en7gvz§: :3?9
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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 invention.

Spaces 204a which substantially determ ne the volunes of the nozzle
openings are also formed |'i ke the spaces 202a of the ink supply paths 202.
The nozzl e openings 204 are |ocated on a peripheral edge of the silicon
single-crystal substrate 200. The ink jet printer head of this enbodi nent
"is a so called edge ink jet printer heatt.~ Since a plural nunber of the
nozzl e openi ngs 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 nmeans, such as a rotary grinder. As described above, the
pl ural nunber of the ink supply paths 202 can stably be manufactured so as
to have a desired flow resistance. Those ink supply paths, together wth
the pressure generating chanbers 201, can be fornmed in the silicon :
single-crystal substrate 200. Each i nk supply path 202 is

FIG. 40
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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
pat hs 202 and the pressure generating chanbers 201 are forned therein is
real i zed al though the silicon of thesﬁégtxnlslngle crystal substrate 200
~is fragile. Claims : - 1. An ink jet printer head conprising a
spacer (4, 200) including path holes (5, 90) for form ng at |east one of

" pressure generating chanbers (48, 201) continuous to at |east one of nozzle
openi ngs (2, 210a, 204), at |east one of

233 232 231 200
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I nk supply paths (104, 202), and at |east one of reservoirs (203), a cover
menber (1,210) for sealing covering the pressure generating chanbers (48,
201); and pressure generating nmeans (30) for generating pressure in the
pressure generating chanbers (48, 201) in accordance with print data,
wherein the spacer (4, 200) is silicon single- crystal substrate (60, 72,
130) vertically oriented in (110) thag I s processed by ani sotropic etching
“ process in such a manner that a bridgé means (95, 102) is forned across one
or nore of the holes (5, 7, 90, 92) form ng the pressure generating
chanber (48, quizghd4gg2 i nk supply paths(104, 202), respectively. 2.
The ink jet pri'n he acccg %i 38 to claim1, wherein the bridge neans
(95, 102) includes at 02(202a)

203(203a)

01(201a)

FIG. 4‘3 "




| east ‘two surfaces (95a, 95b) slanted to the surface of the spa@?&gﬁﬁjﬂpﬁg
v), shaped in triangular i'n cross section, and the hei.ght of the bridge
means (95, 102) fromthe base of the triangle thereof to the vertex is
smal l er than the thickness of thg.$pacer. 3. The ink jet printer head
according to claim2, wherein the slanted surfaces (95a, 95R¢E§&¥zhe bridge
means (95, 102) are éach slanted at an gl e of appREBUN&EN@ rr] to
the surface of the spacer (4, 200). 4. The ink jet printer head according
.toclaiml to 3, wherein a partition wall (105) is fornmed across the path

(T0d), whi ch 0D JREMER AP PR HoLEY prF v NE AL PALErhE DoR P! AL

The present invention relates to an ink jet printer

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

use with an ink jet printer head.

An ink jet printer head shﬁots forﬁh ink droplets onto
a recording medium to form dots thereon. Print of extremely
high resolution is realized if the sizé of the ink.droplets is
reduced. For high speed printing, the number of nozzle
6penings must be increased. Particularly, in the printer head
of fhe type in which piezoeiectric vibrating elements are used
as an energy source for expelliné ink droplets, the pressure
generating chamber must be designed to be as large as possible
in order to efficiently use the energy of the piezoelectric
vibrating element. This requir;ﬁent for the efficient use of
the energy is contradictory to the current tendency of thé size
reduction of the printer head.

Measure currently taken for the contradictory problem

is to reduce the thickness of the wall partitioning the
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50 5. The ink jdt printer head accordl ng to claim4, wherein
“of the partltlon wal T (105) s within the range fro LEbor 8@5LBEEN3. The
i nk jet print gy E a co di ng to claim4 or 5, wher |Tﬁ‘$ﬁb@a{¢qﬂlon

(105) is obli q 3) ®f the nozzl e openjngs p——

jet printer claim1l to 6, wherein artition %S(lll
112) for partlt ssure generating chantférF&A@EMENE@m
 provided, separated from each ot her py space (110) in the formof a slit
(114), and each of {t hem havi ng such a thickness as to be resiliently
deformabl e when a pressure is applied for ink discharge. 8. A nmethod of
manufacturl ng an ink jet.printer head in

BRIDGE FORMED ACROSS PATH HOLES PREVENTING WALLS FALLING DOWN

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 co_verin'g the pressure generating qhamber (48)
. in a sealing fashion, and pressure generating means (30)
for generating pressure in the pressure generating
chamb‘ers. (48, 201) in accordance with print data. 1In
pz:ocessing 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 sugply path. Walls
defining the path hole for forming a pressure generating
chamber (48), which are located in the vicinity of a
nozzle opening (2), are connected to each other at an
obtuse angle. As a result, the ink supply path serving as
a narrow path for ink flow and the pressure generating
chamber (48) are formed as smooth flow paths. The walls
-in an area in the vicinity of the nozzle opening (2)
where ink tends to stay are substantially equally
distanced from the nozzle opening (2). A smooth flow of
ink is ensured.

FIGURE 8
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whi ch an ink jet

printer head including a spacer (4 2 HﬁPLAGENﬁ%HbSHEE$

- hol es*’(5, 90) for forming at |east-one of pressure gengrdtTng chanbersy(48,

201) continues to at |east one of nozzle openings (2, 21Qa,3 304 200 Ieasi

one of ink supply paths (104, 202), apd at least one off feservoirs (20B)} a

cover nenber (1,

pressure geriesad

- 210) for sealing covering the pressure¢ gererat+hg-chahbers
(48, 201); and pressure generating neans (30) generatimg pressure in the

ng <hanbers (48, 201) in accordance wi Th print dats,

wherein the spaceraf4inRk09ati SrehtéEO0Re84NEbRpEL ¥Shgl ;substrate (60, 72,
130) vertically orj %@&ef“(é 11@@0 hﬁﬁciéd@ﬁac §§ﬁdhéie§“'(§0t BRI G5t chi ng

process in such a %ekﬁt&ﬂ nmed acr oss one
or more of the patfgﬁfﬂ% , S RO R ngSRg ating

chanber (48, 201)

NN
2.
"
3.
4.

nozzle openlngs 2, 210a, 204), at least one of
ink supply paths (104, 202), and at least one of
reservoirs (203),

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

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

wherein the spacer (4, 200) is silicon single-
crystal substrate (60, 72, 130) vertically
oriented in (110) that is processed by anisotropic

. etching iprocess in such a manner that a bridge
means (95, 102) is formed across one or more of
the path holes (5, 7, 90, 92) forming the pressure
generating chamber (48, 201) and the ink supply
paths (104, 202), respectively.

The ink jet printer head according to claim 1,
wherein the bridge means (95, 102) includes at
least two surfaces (95a, 95b) slanted to the
surface of the spacer (4, 200 ), shaped in
triangular in cross section, and the height .of the
bridge means (95, 102) from the base of the
triangle thereof to the vertex is smaller than the
thickness of the spacer.

The ink jet printer head according to claim 2,
wherein the slanted surfaces (95a, 95b) of the .
bridge means (95, 102) are each slanted at an angle
of approximately 35° to the surface of the spacer

(4, 200).

The ink jet printer head according to claim 1 to 3,
wherein a partition wall (105) is formed across the
path hole (6, 91) for the reservoir (203) while
traversing the ink supply path (104), which
receives ink from an external ink tank.

) O 0



the ink supply paths (104, 202), respectively, conprisin —
forming a first pattern substantially aligned with the bgﬂﬂﬁdﬂf ﬁNTdEéJE

means triangular in cross section which is forned one of e major surface
of thé spacer, _

and second etching protecting patterns for connecting the
protecting patterns to etching protecting patterns form phg-efe—ef— l1s
of the pressure generating chanbers anggt he REPLACENMENT SHEET 51 5 |nk

supply pat hs,

6.
7.
o
8.
U

U)

and formng at |east two narrow etching pro g@ﬁ erhns
narrgmﬁ%n b

the etching protecting patterns and

The ink jet printer head according to claim 4, wherein
the thickness of the partition wall (105) is within
the range from 20 um to 80 um.

The ink jet printer head according to claim 4 or 5,
wherein the partition wall (105) is oblique to the
array (3) of the nozzle openings (2).

The ink jet printer head according to claim 1 to 6,
wherein partition walls (111, 112) for partitioning
the pressure generating chambers (48, 201) are
provided, separated from each other by space (110) in
the form of a slit (114), and each of them having such
a thickness as to be resiliently deformable when a
pressure is applied for ink discharge. :

A method of manufacturing an ink jet printer head in_
which an ink jet printer head including a spacer (4,
200) including path holes (5, 90) for forming at least

one of pressure generating chambers (48, 201) _
continues to at least one of nozzle openings (2, 210a,
204) at least one of ink supply paths (104, 202), and
at least one of reservoirs (203), )
a cover member (1, 210) for sealing covering the
pressure generating chambers (48, 201); and

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

wherein the spacer (4, 200) is silicon single-crystal
substrate (60, 72, 130) vertically oriented in (110)

that is processed by anisotropic etching process in
such a manner that a bridge means (95, 102) is formed

across one or more of the path holes (5, 7, 90, 92)
forming the pressure generating chamber (48, 201) and
the ink supply paths (104, 202), respectively,
comprising the steps of:

forming a first pattern substantially aligned with the
base of a bridge means triangular in cross section
which is formed one of the major surfaces of the
spacer, and forming at least two narrow etching
protecting patterns and second etching protecting
patterns for connecting the narrow etching protecting
patterns to etching protecting patterns forming one of
the walls of the pressure generating chambers and the

) O



the second etching protecting patterns being formed on the other mgjor

stirface of the spacer, wherein the second etching prote
not aligmed 10 wi th each other so that the prol onge
second etching protecting patterns are not overlaid one

51
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5 .
ink supply paths, the etching protecting patterns and
the second etching protecting patterns being formed on
the other major surface of the spacer, wherein the
second etching protecting patterns are not aligned

10 with each other so that the prolonged lines drawn on

the second etching protecting patterns ar
overlaid one on the other.
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INK JET P-R.INT HEAD AND A METHOD OF MANUFACTURING THE SAME

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

FIGURE 8



