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INK JET PRINT HEAD AND A METHOD OF MAN THE SAME

4

The present invention relates to an ink jet printer

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

use with an ink jet printer head.

4 ‘
An ink jet printer head shoots forth ink droplets onto

a recording medium to form dots thereon. Print of extremely
high resolution is realized if the size of the ink droplets is
.nreduéed. For high speed printing, the number of nozzle -
15 openings must be increased. Particularly, in the printer head
of the type in which piezoelectric vibrating elements are used
as an energy source for expelling ink droplets, the pressure
generating chamber must be designed to be as large as possible
in orderigg“efficiéntly use the energy of the piezoelectric
20 v;brating element. This requirement for the efficient use of
the energy is contradictory to the current tendency of the size
réduction 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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The present invention relates to an ink jet printer head a met hod of
manuf acturing an ink jet printer head and a method of processing a silicon
single crystal substrate in use with an ink jet printer head.

B | .4

adjacent pressure generating chambers, and to enlarge fhe
pressure generating chambers in the longitudinal direction.

To form the pressure generating chambers and the

reservoirs, path holes are formed in a  spacer for setting the

5 vibrator plate and the nozzle plate fixed distance apart.

Since the path holes must be formed in conformity with the

pressure generating chambers that are extremely small and
compiicatedly shaped, the etching technique is usually used.

A photosensitive resin film is usually used for the

10 spacer. The spacer made of photosensitive resin has a small
mechanical strength. The printer head using such a defective
spacer suffers from cross talk,'deflection: and the like, and
attempt to achieve high resolution is accompanied by
deterioration of print quality.

15 To cope with this problem, there are some proposals as
disclosed USP No. 4312008 and Examined Japanese Patent
Publication No. Sho. 58-40509. In the proposals, a silicon
single-crystal substrate vertically oriented in (110) is cut
out so as to have the thickness suitable fér the spacer. Path

20 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 head caused by deformation of

25 the piezoelectric vibrating elements is minimized. The walls

undergoing etching are substantially vertical to the surface of
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An ink jet printer head shoots forth ink droplets onto a recording medium
to forn{dﬁﬁgswﬁ§ﬁGbn.BPFﬂnﬁeo$féRhi%nfﬁ®e pressure generating chambers

can be_uhiformly formed.
This spacer has the following problem, however. The
walls formed by the etching afe limited in their directions by
5 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 fends to stay and to generate bubbles
in the pressure generating chambers.

10 The ‘spacer formed of the silicon single-crystal
substrate is advantageous in that the pressure.:generating
chambers may be reduced in size, but is disadvantageods-in that
a mechanical strength of the whole spacer is small. Bécause of

- the fragile spacer, it is difficult to handle the spacers in

15 assembling the ink jet printer helad. Further, it is difficult.
to secure a compliance sufficient for effectively utilizing the
pressure energy generated by the piezoelectric vibrating

elements and the heat generating means.

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

The invention provides an ink jet printer head in which a
spacer for setting a cover member and the nozzle plate with
nozzle openings at a fixed distance apart and having pressure

generating chambers, reservoirs, and ink supply paths
connecting them, is formed of the silicon single-crystal
substrate.
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high resolution is realized if the size of the ink droplets is reduced.

For high speed printing, the nunber of nozzle openings nust be increased.

Particularly, in-the printer head of the type.in which piezoelectric,

vi brat i ngAerengang e aséirshsagpeeherdy WhrirpresenteipaEntignni@n ink

dropl et s, JekePpiBsey, Bead is provided using a spacer formed of a silicon
.single-crystal substrate, so that smooth flow paths from the
ink supply paths (tending to serve as narrow paths) to the
pressure generating chambers may be formed ensuring smooth
supply of ink to the presslire 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

5 formed of a thin silicon single-crystal substrate '
which is preferabl
approximately 2%0 pm thick to easily be handled.

Yet another aspect of the present invention is to
provide a novel ink jet printer head in which the pressure
generating chambers reduced in size have compliance large

10 enough to shoot forth ink droplets.

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

15 Acéording to a specific aépect, ) there is provided an ink
jet printer head having a nozzle plate having an array of
nozzle openings, a spacer 'including path holes for forming
pressure generating chambers, ink supply paths, and reservoirs,
a vibrator plate receiving vibrations of piezoelectric

20 vibrating elements, and the piezoelectric vibrating elements

' longitudinally 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 anisotropic etching process such that one of the

25 walls defining a path hole forming a pressure generating
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generating chanber nust be designed to be as |arge as possible in order to
efficiently use the energy of the piezoelectric vibrating elenent. This
requirenent for the efficient use of the energy is contradictory to the
current tendency of the size reduction of the printer head.

Measure currently taken for the contradictory problem

chamber is continuous to one:of the walls defining a path hole
forming an ink supply path. _
normzlily
The ink supply paths wherejink tends to stay and the
pressure generating chambers are formed in a plane, thereby

] ensuring a smooth flow of ink, and preventing stay of ink

bubbles.

According +o a preferred aspecT, there is provided an ink

jet printer head having a spacer, pressure generating means
formed by two cover plates ) sandwiching the spacer
10 therebetween, ink supply paths connecting the nozzle openings

and the reservoirs being provided in connection with the
whevrein s
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
preferably
15 substrate vertically oriented in (110) that is,processed by
anisotropic etching process such that the pressure generating
chamber is formed by a path.hole with a bridge means.
can
The bridge means of the path hole, prevent: the
partition walls defining the pressure generating chambers from
20 falling down.
The partition walls for partitioning the pressure
generating chambers are each separated by a space in the form

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

a pressure that is applied to ink for ink discharge.
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is to reduce the thickness of the wall partitioning the

2

10

15

20

25

i

With the deformation of the walls of the pressu're
generating chambers at the time of shooting forth ink, a
compliance large enough to shoot forth ink is secured.

Accerding toc Gu\-Mvgst'there is provided a method of processing
a silicon single-crystal substrate in use with an ink jét
printer head in which patterns of anisotropic etching

aducn-\-agecu.d‘f

protecting patternsymade of silicon dioxide, coincident in
configuration with patterns for forming path holes,,are formed,
prc‘?c.r...b\\_‘
in a mirror image fashion, on the obverse and the reverse side
of a silicon single-crystal substrate vertically oriented in
(llO)r:‘cr;x‘;\l:;.ng a fixed thickness, and the silicon single-crystal
substrate with the pattexrns formed thereon I:i.s processed from
the obverse and the reverse sider thereof by anisotropic
etching process, thereby forming the path holes; etching
protecting patterns defining a narrow, second pattern connected
to a relatively large, first pattern, which are located in
regions where the first pattern and the second pattern are to
be formed, are aligned with each other, and a blade-like
etching protecting pattern is férmed in parallel with «a
second path hole while being substantially aligned with a
second wall.

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

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

silicon single-crystal substrate.
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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

a spacer for setting the vibrator plate and the nozzle plate fixed

di stance apart.

10

15

20

25

'

Fig. 1 is an exploded vies showing an ink jet printer
head according to an embodiment of the present invention;

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

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

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

Fig. 5 is a cross sectiénal view sh;wing a part of the
ink jét printer head;

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

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

Fig. 8 is an enlarged view showing the configuration of

a path hole forming the pressure generating chamber;
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Since the path holes nust be fornmed in conformty wth the pressure
generating chanbers that are extrenely snmall and conplicatedly shaped, the
etching technique is usually used. A photosensitive resin filmis
usually used for the spacer. The spacer made of photosensitive resin has a
smal |

Figs. 9 (a) to (e) are diagrams showing a sequence.of
steps of manufacturing a spacer by processing a silicon single-
crystal substrate vertically oriented in (110) by anisotropic
etching process;

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

10 anisotropic etching process;

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

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

Fig. 13 is an enlarged, plan view showing etching

20 patterns of the reservoirs in the structure for supplying ink
from one reservoir to two pressure generating chambers;

Figs. l4a and 14b are diagrams showing another pattern
for the anisotropic etching, the illustration showing a state
of etching immediately before the etching ends;

25 Fig. 15 is an enlarged, plan view showing another

etching pattern containing reservoirs in such a structure for
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mechani cal strength. The printer head using such a defective spacer
suffers fromcross talk, deflection, and the like, and attenpt to achieve
hi gh resolution i-s acconpanied by deterioration of print quality.

To cope with this problem there are sone proposals as disclosed USP No.

4312008 and Exam ned Japanese Pat ent

supplying ink from one reservoir to two series of pressure
generating chambers;

Fig. 16 is an enlarged, cross sectional view showing a
portion of the path hole forming the pressure generating

5 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; .

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

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

15 Fig. 21 is a view showing a further path hole forming
the pressure generaﬁing chamber;

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

Fig. 22b is a plan view showing a positional

20 relationship of the nozzle openings, islands, and piezoelectric
vibrating elements when the nozzle plate, the vibrator plate,

and the piezoelectric vibrating elements are mounted on the

spacer;
Fig. 23 is a view showing an additional path hole
25 forming the pressure generating chamber;
This Sheet Has Been R
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Publ i cati on No. Sho. 58-40509. |In the proposals, a silicon single-crystal
substrate vertically oriented in (110) is cut out so as to have the

thi ckness suitable for the spacer. Path holes shaped for pressure
generating chanbers and ink supply paths are forned in the silicon
single-crystal substrate by '

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 silicon

5 single-crystal substrate to form the path holes;

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

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

Figs. 30a and 30b are plén views shéwing other spacers
used for the ink jet printer head according to the present
invention}

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

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

20 to the present invention;

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

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

25 view showing an exemplar spacer;

i
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ani sotropi c etching process. The spacer of the silicon single- crystal
substrate has a | arge nechanical strength. Therefore, the deflection of

t he whol e print head caused by deformati on of

el enent s
verti cal

10

15

20

25

is mnimzed. The walls undergoing etching are substantially
to the surface of _

Fig. 35 1is a diagram schematically showing the
structure including a pressure generating chamber, thé
illustration showing deformation of the chamber partitioning
walls when a pressure is applied to the chamber;

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

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

Figs. 38 (a) Yo (f) are views showing a sequence of
steps for forming a spacer by aﬁisotropic e%ching process;

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

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

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

Fig. 42 is an enlarged, perspective view showing a key
portion of an ink jet printer head according to an additional
embodiment of the present invention;

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

manufacturing the spaceg/according to the present invention;
o 4he ke (et ?"t'\'\'e”' head
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This is the replacenent sheet

Fig. 44 is an enlarged, perspective view showing a key
portion of an ink jet printer head according to a further
embodiment of the present invention; and
. Fig. 45 is an enlarged, perspective view showing a key

5 portion of an ink jet printer head according to another

embodiment of the present invention.

In Fig. 1 showing -an embodiment of thé present
invention, linear opening arrays 3 each consistingiiozzle
10 openings 2 are formed in a nozzle plate 1. These nozzle
openings 2 are linearly arrayed at such pi%ches as to form a
print density of 180 DPI.
A spacer 4 is sandwiched between a vibrator plate 10
serving as a first cover plate (to be given later) and the
15 nozzle plate 1 as a second cover plate. As shown in Fig. 2,
the spacer 4 contains pressufe generating chambers, reservoirs,
an ink supply port connecting them, and path holes 5, 6, 7, and
8 for forming fluid paths for distributing ink from an ink tank
to the reservoirs.
20 A vibrator plate 10 cooperates with the spacer 4 and
the nozzle plate 1 to form the pressure generating chambers.
As shown in Fig. D, @each
of the pressure generating chambers is formed of an island
11 and a thin portion 12. The island 11, in contact with the

top of a piezoelectric vibrating element 30 contained in a

25 piezoelectric vibrator unit 21, has such a rigidity as to
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t he spacer. Because of this, the pressure generating chanbers can be
uni formy forned. This spacer has the follow ng problem however
The walls forned by the etching are limted.in their directions by

10

15

20

25

transmit a displacement of the piezoelectric vibrating element
30 to the possibly largest area. The thin portion 12 is formed
in the peripheral area of the island 11. With such a
construction, the pressure generating chamber can efficiently
be expanded and compressed in accordance with stretching
motions of the piezoelectric vibrating element 30.

The piezoelectric vibrator units 21 are arranged as
shown.in Fig. 4(a). The piezoelectric vibrating élemepts 30 of
the piezoelectric vibrator units 21 are arrayed' at fixed
pitches along the fixing board 31 in a state that the first

ends of the piezoelectric vibrating elements 30 are attached to

. the fixing board 31, while the second ends thereof are free so

as to allow the piezoelectric vibrating elements 30 to vibrate
in a longitudinal vibration mode.

Each piezoelectric vibrating element 30, as shown in
Fig. 4(b), is constructed such that piezoelectric vibrating
members 32; drive electrodes 33, and common electrodes 34 are
alternately layered. The rear ends of the drive electrodes 33,
exposed to outside, are connected in parallel by an external
drive electrode 35, which is formed by wvapor deposition
process, for example. The common electrodes 34 are extended to
the free end of the piezoelectric vibrating element 30 and
connected in parallel by an external common electrode 36
extended to the sides of the piezoelectric vibrating element.

The outer major surfaces of the external drive

electrodes 35 of the piezoelectric vibrating elements 30 are
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the crystal face orientation. Therefore, it is difficult to shape the
pressure generating chanbers ideal for the ink jet printer head. Because
of the unsatisfactorily shaped pressure generating chanbers, ink tends to
stay and to generate bubbl es in the pressure generatlng chanbers

The spacer forned of the silicon single-crystal

substantially flush with the fixing board 31. The exterﬁal
common électrodes 36 of the piezoelectric vibrating elements 30
are electrically and physically coupled with electrodes 40
formed on the bottom end faces of dummy vibrating elements 39,
S 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
electfode 35, are formed on the bottom end faces -of the dummy
vibrating elements 39, and are to be coupled wiﬁh a connection
10 circuit board.
Returning to Fig. 1, a print head body 42 includes unit
receive holes 43 for receiving éiezoelectrie vibrator unit 21
in a state that the free ends of the piezoelectric vibrating
elements 30 are exposed to outside, and an ink supply port 44
15 for supplying ink from an ink tank to the reservoirs. An
assembly of the vibrator plate 10, the spacer 4, and the nozzle
plate 1 is firmly attached to the surface of the print head
body 42 by means of a frame member 45, which also serves as an
electrostatic shield. The resultant is a record head assembly.
20 Fig. 5 is a cross sectional view of the record head assembly
thus constructed when viewed in the direction vertical to the
nozzle array. The piezoelectric vibrator units 21 are fastened
‘to the print head body 42 by epoxy resin. Reference numeral 46 ot ¥ig-t.
designaées an inflow port connecting to the ink tank.
25 In the construction of the record head shown in Fig. 1,

the path holes 5 of the spacer, as shown in Fig. 6, are closed
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substrate i s advantageous in that the pressure generating chanbers may be
reduced in size, but is disadvantageous in that a nechani cal strength of
t he whol e spacer .is snall. Because of the fragile spacer, it is difficult
to handl e the spacers in assenbling the ink jet printer head. Further, it
is difficult.

by the nozzle plate 1 and. the vibrator plate 10, thereby
forming pressure generating chambers designated by reference
numeral 48. When the thin portion 12 of the vibrator plate 10,
which xreceives a stretching motion of the piezoelectric
5 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 thé form of ink droplets through the nozzle opening 2.
Figs. 7(a) and 7(b) are enlarged, plan vie&s showing
10 the path holes 5, which form the pressure generating chambers,

and their related portions of the spacer 4 in the ink jet

N $

printer head. Path holes 5 to serve as pressure generating
chambers 48, path holes 6 to serve as reservoirs, and path
holes 7 to serve as ink supply ports are formed in a silicon
15 single-crystal substrate vertically oriented in (110). The
silicon single-crystal substrate has the thickness necessary

for the spacer, e.g., 220 um.
The path holes 7 to serve as ink supply ports are each
designed such that the walls 7a and 7b defining the path hole
20 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
25 nozzle plate 1 by adhesive, indentations 50 for receiving

adhesive are formed around those path holes by anisotropic
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to secure a conpliance sufficient for effectively utilizing the pressure
energy generated by the piezoelectric vibrating el enrents and t he heat
generati ng neans. It is, therefore, the object of the present invention
to provide an ink jet printer head and a nethod for producing sane which
avoi d the above-neti oned drawbacks. This object is solved by the ink jet
printer haed of any-one of the independent clains 1, and the nethod of

processing a silicon .
etching process. The indentation 50 is approximately 100 um or

shorter long in one of the sides thereof. The depth of the
indentation 50 is selected so as to have such a volume as to
contain excessive adhesive.

5 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 adhesioﬁ area is secured, weakening the

10 adhesion of the vibrator plate 10 to the nozzle plate 1.

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

Fig. B8 illustrates a path hole forming a pressure

15 generating chamber 48 and a path hole forming an ink supply
path, and angles of the walls of these path holes. The path

hole 5 forming the pressufe generating chamber 48 includes
seven walls 5a to 5g. The walls 5b, 5f, 5g, and 5a around the
nozzle opening 2 are jointed at angles 63, 64, and 65. The

20 angles 63, 64, and 65 are obtuse angles of approximately 152°,
100°, and 110°, respectively. The walls 5c, 5d, and 5e of the

path hole 5, located adjoining to the path hole 7 to serve as

the ink supply path, are arranged so as to gradually enlarge a
junction area where the ink supply path opens to the pressure

25 generating chamber.
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single-crystal substrate according to .any one of the independent
clainms 10 or 11. Further advantageous features, aspects and details of the
invention are evident fromthe dependent clains, description and draw ngs.
The clains are intended to be understood as a first non-- limting approach
of defining the invention in general terns. 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 distance apart and havi ng

pressure generatthd w&IBMRLGE theCpaENOhbie 7 88¢ thbNknkSERPHYy PRERS

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

5 parallel with the latter. The distance between them is

selected to such an extent as to gain a flow path resistance

suitaple for the ink supply path. The wall 7a of the path hole

7, which straightforwardly extends from the pressure-generating

chambers to the iﬁk supply path, is connected to the Qall 6a of

10 the path hole 6 for the reservoir by way of an enlarged

junction part defined by the two walls 6b and 6c of the path

holes 6. 1In the figure, an anglelel is 30°, ;nd an angle 62 is
approximately 70°.

To assemble, adhesive is applied to the spacer 4 thus

15 structured, and sandwiched by the nozzle plate 1 and the

vibrator plate 10 after these are accurately positioned to one

another, and the assembly' of those components is pressed

together. Adhesive not used for bonding them flows into the

indentations 50 located around the path holes 5, 6 and 7

20 respectively for the pressure generating chambers, the ink

supply paths, and the reservoirs. As a result, such 'a

disadvantageous situation that adhesive flows iﬁto the pressure

generating chambers, the ink supply paths, and the reservoirs,

thereby changing the volumes of them, will never occur. In the

25 resultant structure produced after completion of the bonding

process, each nozzle opening 2 of the nozzle plate 1 is located
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connecting them is fornmed of the silicon single-crystal substrate.

near at the end of a center line of the path hole 5 to serve.as
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
S vibrating element 30 is driven in this state, the displacement
of the element is transferred to the whole pressure generating
chamber by way of the island 11. Therefore, the displacement
of tﬁe piezoelectric vibrating element 30 can- be highly

efficiently transformed into a variation of the volume of the

10 pressure generating chamber.
i In Figs. 9 (a) to (e) show a sequence of steps for
wherve.m ' §

manufacturing the spacer 4, a silicon single- crystal substrate
60 of the crystallographic axis (110), 220 pum thick (enough to
satisfy the thickness required for the spacer), for example, is
15 prepared. A silicon dioxide film 61 whdiis 3 um thick, for
example, is formed on the surface of the silicon single-crystal
substrate 60 by thermal oxidation process. The +hJLKMe:$
of t Rrm is sufficient for the film 61 functioning as a
protecting film against an anisotropic etching liquid (Fig.
20 9(a)). .
A hydrogen fluoride protecting film 62 is formed on the
obverse and the reverse side of the silicon s;ngle—crystal
substrate 60 with the silicon dioxide film 61 formed thereon by

a lithography method. The protecting film 62 formed on the

25 substrate includes windows 63 and 64 corresponding to the path
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4 According to a first aspect of the present invention, an ink jet
printer head is provided using a spacer forned of a silicon single-crystal
substrate, so that snooth flow paths fromthe ink supply paths (tending to
serve as narrow paths) to the pressure generating chanbers may be forned
ensuring snmooth supply of ink to the pressure generating chanbes and snooth

holes 5, 6, and 7, and if neressary, the indentations 50 (Fig.
9(b})-.

In this state, the structure is etched using a hydrogen

fluoride liquid, so that the portions of the silicon dioxide

5 film 61 corresponding to the windows for the path holes 5, 6,

and 7, and the indentations 50 are etched away (Fig. 9(c});

Patterns 6la and 61b of the silicon dioxide formed on the

obve?se and the reverse side of the substrate .-are somewhat

different in size from each other so that the pattérn 6la on

10 the obverse side covers the pattern 61b on the reverse side, in

this instance.

Following the step of forming the silicon dioxide
patterns, the structure is etched in an aéueous solution of
potassium hydroxide of approximately 17 % in density, kept at

15 a fixed temperature, for example, 80°C. In the eféhing
process, only the portions of the silicon dioxide film
corresponding to the windows 63 and 64 are etched away at the
rate of 2 pm/min., with the patterns 6la and 61b of the silicon
dioxide film as protecting films. 1In this case, the etching

20 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 on
the obverse the and reverse side of the silicon single-crystal

25 substrate 60 are formed so that the pattern 6la covers the

pattern 61b. At the time of completing the etching process, a
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di scharge of ink bubbl es. Anot her aspect of the present invention
Is to provide a novel ink jet printer head which allows the spacer thereof

f or med

of a thin silicon single-crystal substrate which is preferably

approximately 20 [err]mthick to easily be handl ed. Still another
aspect of the present invention is to .-
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path hole 65 is formed which corresponds in size to the
patterns 61b defining the larger window (Fig. 9(d)). Even if
a slight misalignment of the patterns on the obverse and the
reverse side of the substrate is caused, the etching size can
be controlled:  through by adjusting the positions of the
patterns defining the larger window since at least the edges of
the patterns located outside are the etching surfaces.

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

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

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

protecting £ilm) over the entire exposed surface thereof. This
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provi de a nethod of manufacturing the ink jet printer head, nore
particularly an etching nmethod for form ng a spacer by etching a silicon
singl e-crystal substrate. According to a specific aspect, t here
is provided an ink jet printer head having a nozzle plate having an array
of :

silicon dioxide film 66 is nsed 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
5 (110) till an intended pattern is formed, the etching
progresses at an angle of approximately 35° to the face
vertically oriented in (110), viz., along the face vertically
orien£ed in (111) as shown in Fig. 11. 1In order.-to actively
use this nature, as shown in fig. 12(a), an approxiﬁately 1/2
10 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 patte}n 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
15 7b of the path hole 7 for the ink supply path. The wall 7b of
the path hole 7 is opposed to the wall 7a thereof, which is in
line with the wall 5a of the path hole 5. Further, blade-like
patterns 82 and 83 ére formed on the inner sides of the path
hole 6 for the reservoir in a state that these patterns extend
20 in line with the walls 7a and 7b of the ink supply path 7,
respectively.

During the anisotropic etching process that is carried
out using the etching patterns thus formed, in the stage of
forming the path hole 5, the etching progresses on the edge 80b

25 of the etching pattern 80 at a given angle to the wall 5b of
the path hole because the etching pattern 80 includes the edge
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nozzl e openi ngs, a spacer including path holes for formng pressure
generating chanbers, ink supply paths, and reservoirs, a vibrator plate
receiving vibrations of piezoelectric vibrating elenments, and the
pi ezoel ectric vibrating elenents longitudinally vibrating in accordance
with print data. In the ink jet printer head, the spacer includes a
silicon-.single:
80b. The etching progresses to reach the region facing fhe
nozzle opening, so that the nozzle opening 2, and the walls 5a,
Sb, 5£, and 5g facing the nozzle opening, which are arrayed at
obtuse angles, are formed. At the junction part between the
5 ink supply path and the pressure generating chamber and another
junction part between the ink supply path and the reeervoir,
the etchlng is stopped when these junctlon parts are expanded
to such an extent as to prevent ink from staying the lnlet and
outlet of the ink supply path as a narrow path for ink flow.
10 With this, a fluid resistance proper for the ink supply path is
secured.

In the stage of etchiné the path nole 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.

15 12(b)). Accordingly, in’the final etching etage, viz., an
_etching stage where a through-hole is formed through the
etching from both sides and intended patterns are formed, walls

5d and 5e, slanted at the angle 61 «~ 30° to the walls 5c and

7b, are formed in the regidn or the junction part of the path

20 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 1w Fig, B,
hole 7 where it opens to the reservoir, As a result, the inlet

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

25 With this expanded openings, ink smoothly £flows into the
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crystal substrate vertically oriented in (110) that is preferably.

processed by anisotropic etching process such that one of the

wal | s

defining a path hole form ng a pressure generating
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pressure generating chamber, from the reservoir, without
generating bubbles of ink.

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.
Therefore, blade-like patterns 82, 83, 82‘, and 83, which are
extended from the path holes 7 and 7’ to serve as ink supply
paths to the pressure generating chambers,flittle lap.

Figs. l4a and 14b are dfggrams showing another pattern
for the anisotropic etching. In this pattern, a junction part
of the path hole 7 to serve: as an ink supply path and+t1path
hole 6 to serve as a reservoir is formed as a narrow
continuous pattern B85. 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 B85, Therefore, an unnecessary
progression of the etching can be stopped by only one blade-
like pattern 86.

In a case where ink is supplied from one reservoir to

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

the object can be achieved by forming narrow continuous
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5 _chanber is continuous to one of the walls defining a path hole formng
an 1 nk supply path. The i nk supply paths where normally ink tends
to stay and the

patterns 85 and 85’ near to. the ends of the path holes 7 énd
7' for the ink supply paths and forming blade-like patterns 86
and 86‘ extending from. the narrow continuous patterns lin
alignment with the path holes 7 and 7’, as shown in Fig. 15.
5 Therefore, if these are displaced from the nozzle positions of
the nozzle series, the blade-like patterns 86 and 86’ may be

laid out in a plane without lapping them.
In the above-mentioned embodiment, the etching process
is stopped when the wall 5f comes in contact with the wall 5g.
10 ° However, if the etching process is further continued, two walls
5f1 and 5f2 are additionally fqrmed 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 B8 = 152° to the wall Sb defining the pressure generating
15 chamber 48, as shown in Fig. 17. An angle 87 is approximately
125°, An angle 66 of the wall 5f1 (wall 5f2) to the surface of

the spacer 4 is approximately 35°.

As the result of the etching process, a total of seven
~walls are formed around the nozzle opening 2. These walls are
20 five walls 5a, S5g, 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 5fl1 and 5f2
connecting to the wall 5f at the angle 66 as viewed in the
cross sectional direction of the silicon single-crystal

25 substrate. With this structure, a more smoothly flow of ink is
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pressure generating chanbers are formed in a plane, thereby ensuring a
snooth flow of ink, and preventing stay of ink bubbles. Accor di ng

a preferred aspect, there is provided an ink jet printer head having a

spacer,
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pressure generating nmeans

secured in the vicinity of the nozzle opening 2. Accordingly,
stay of bubbles never happens.

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 £he longitudinal walls 90a and 90b defining the pressure
generating chamber, and the path hole 92 is located
substantially in alignment with the center line of the pressure
generating chamber (Fig. 18). With this!structure,'ink.is
supplied from the reservoir to the pressure generating chamber
by way of an outlet of the ink supply path, which is defined by
the walls 90c and 90d outwardly expanded from the locations
near to the center of the end of the chamber toward the
pressure generating chamber, and walls 90e and 90f secondarily
formed along the crystal axis during the etching process. Ink
flows from the reservoir to the pressure generating chamber
more smoothly, without any stay of ink bubbles.

After the wall Sh.is formed, the etching process is
further continued. Then, the etching of the wall 5f
selectively progresses. The end 6f the wall 5f closer to the
wall 5b grows, so that the wall 5g formed in the previous step
disappears. As a result, as shown in Figs. 19 and 20, six
walls 5a, 5g, 5f‘, 5fi1‘, 5f£2', and Sb; which are arranged at

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

his Sheet Has Been Replac

L

Il

Ill o

to



formed by two cover plates sandw chi ng the spacer therebetween,
I nk supply paths connecting the nozzle openings and the reservoirs being
provi ded in connection with the pressure generating chanbers wherein the
pressure generating chanbers are provided with pressure generating
sources. In the ink jet printer head, the spacer is a silicon

si ngl e-crystal

surface of the silicon single-crystal substrate, are forﬁed
around the nozzle opening 2. Ink smoothly flows in the
vicinity of the nozzle opening 2, and ink bubbles never stay
there.

5 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
formea such that walls 90c and 90d are formed which are
obliquely extended from the longitudinal walls Qda and 90b

10 defining the pressure generating chamber, and the path hole 92
is located substantially in alignment with’the center line of
the pressure generating chagger (Fig. 21). With this
structure, ink is supplied from the reservoir to the pressure
generating chamber by way of an outlet of the ink supply path,

15 which is defined by the walls 90c and 90d outwardly expanded
from the locations near to the center of the end of the chamber

toward the pressure generating chamber, and walls 90e and 90f

secondarily formed along the crystal axis during the etching

process. Ink flows from the reservoir to the pressure
20 generating chamber more smoothly, without any stay of ink
bubbles.

The above-mentioned spacer has such a structure that
+he path hWole s 7

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

25 formed in the thin silicon single-crystal substrate of

approximately 220 pum thick. In this structure, the substrate
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substrate vertically oriented in (110) that is processed by anisotropic
et ching process such that the pressure generating chanber is forned by a
path hole with a bridge neans. The bridge nmeans of the path hole
can prevent the partition walls defining the pressure generating chanbers
from

is segmented at locations near the path holes for the pressure
generating chambers. Accordingly, the upper side of the
substrate is easily slid against the lower side thereof and
vice versa. With this structure, when the spacer is inserted
5 between the nozzle plate 1 and the vibrator plate 10, and those
members are bonded together, those path holes 5 and 7 are
frequently deformed. 1In othér words, the walls defining the
pressure generating chambers are extended in &  cantilever
fashion. When the spacer is bonded to other related members,
10 the walls are easily bent. If the walls are bent, the path

holes 7 for the ink supply paths are deformed.

] H

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

vertically oriented in (110), the thickness of which is
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falling down. The partition walls for partitioning the pressure
generating chanbers are each separated by a space in the form of a slit,
and the partition walls are defornmed when receiving a pressure that is
applied to ink for ink discharge.
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sufficient for the spacer,, e.g., 220 um. A bridge 95 is
obliquely formed across the path hole 5 at a location closer to
the path hole 7.

The bridge 95 formed across the path hole is slanted at
angles 89 = 126° and 810 = 55° to the walls of the path hole 5,
which define the pressure generating chamber. The cross
sectional structure of the bridge 95 is shown in Fig. 24. As
showﬂ, it is a triangle of which the bottom 95c“lie§ on the
side of the substrate to be in contact with the nozéle plate.
A slanting surface 95a of the bridge 95 is slanted so as to
increase the cross section of the pressure generating chamber
toward the nozzle opening 2, and.at an angle’ell (about 35°) to
the surface of the nozzle plate.

Another slanting surface 95b is slanted toward the ink
supply path 7 at an angle 612 (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 is selected to be such a value as not to impede the
flow of ink and as to secure a satisfactory strength of the
bridge. The height of the bridge is preferably 25 % of the
thickness t of the spacer.

Figs. 25 and 26 are views showing etching patterns

suitable for forming the pressure generating chambers with the
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Wth the defornmation of the walls of the pressure

bridges 95. An etching protecting pattern 96 defining the
bottom 95c of the bridge 95 is formed in a location (facing the
nozzle opening of the path hole 5) on the etching pattern 80
defining the whole pressure generating chamber. In the portion
to serve as a slanting side thereof facing the vibrator plate
10, patterns 99 and 100, which are relatively narrow when
compared with the etching pfotecting pattern 96, are formed in
the locations near to the center line of the etdﬁing_pattern
96. These narrow patterns 99 and 100 are not alignedﬁwith each
other.

An etching protecting paFtern 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 pathj).
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 és etching protecting
patterns, are located corresponding to the narrow etching

protecting patterns 97a and 98a.
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generating chanbers at the time of shooting forth ink, a conpliance |arge
enough to shoot forth ink is secured. According to a further aspect
there is provided a nethod of processing a silicon single-crystal
substrate in use with an ink jet printer head in which patterns of
ani sotropic etching protecting patterns advantageously nade of sil.icon
di oxi de, coincident_in
The silicon single-crystal substrate verticaily
oriented in (110) with the etching protecting patterns thus
formed is etched by the anisotropic etching method. The
etching progresses along the (111) face slanted at an angle of
5 approximately 35° to .the obverse and the reverse side of the
silicon single-crystal substrate, as described above (Fig.
27{(a)). In a stage where the etching, which starts from the
obvefse and the reverse side of the substrate, progresses into
the substrate, viz., the etching depth reaches abouf the half
10 of the thickness of the substrate (Fig. 27(b)), the edge 80b of
i the etching pattern 80 grows in the direqtion substantially
vertical to the (110) face ;f the siligon single-crystal
substrate (Fig. 27(c)).
Thus, the etching vertically progresses up to the end
15 of the etching protecting pattern 96 on the nozzle plate side.
In other words, the etching progresses so that the surface of
the substrate is left at the angle of about 35°, and progresses
till it intersects the etching patterns 99 and 100 on the
vibrator plate side (Figs. 27(d) and 28(a)). 1In Fig. 28, each
20 arrow indicates an inclination of the left surface.
Specifically, the left surface is inclined in the direction
indicated by the arrow head.
For the regions covered with the etching protecting
patterns 97a, 98a, 97b, and 98b, the etching progresses in the
25 direction substantially vertical to the obverse and the reverse

side-of the silicon single-crystal substrate so as to shorten
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configuration with patterns for formng path holes, are forned, in a

mrror

i mge fashion, on the obverse and the reverse side of a silicon
single-crystal substrate vertically oriented in (110)normally having a

fixed thickness, and the silicon single-crystal substrate with the
patterns formed thereon is processed from
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the regions. With 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 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 bifurcation, 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 étching protécting patterns 99
and 100, which form the ridge of the bridge triangular in cross
section, are not aligned with each other. Aceordingly, an edge
part where the (111) faces intersect is formed, thereby
preventing the formation of a vertical wall.

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

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

about 35°, intersect when viewed in cross section.
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t he 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 located in regions where the first pattern and the second
pattern are to be fornmed, are aligned with each other, and a bl ade-Iike

If the etching process is further continued, the ridge
of the bridge is etched to be flat. However, the etchiﬁg
process is stopped when the regions around the nozzle opening
and the ink sﬁpply path are shaped as intended. Accordingly,

5 the etching protecting patterns 96, 99, and 100 are determined
by the timing of the stop of the etching process.

In the above instance, the bridge 95 is formed across
the péth hole 5 to be the pressure generating chamber 48. If
required, it may be formed across the path hole 7 to ge the ink

10 supply path, as shown in Fig. 29. As shown, a bridge 102
triangular in cross section is formed across the path hole 7.
] §
A method similar to that used for forming the bridge 95 may be
used for forming the bridge 102.
Also in this instance of the embodiment, the walls 7a
15 and 7b of the path hole 7 are supported bf.the bridge 102.
Because of this structure, the width size of the path hole 5
and the path hole 7 can be maintained throughout the assembling
stage.

The spacer 4 made of the silicon single-crystal

20 substrate is very thin, approximately 220 pum thick. Because of
this, the mechanical strength of the spacer, particularly a
specific region of the spacer, is weak. The spacer 4 contains
large spaces, such as pressure generating chambers 48 and the
reservoirs. In this sense, the spacer 4 consists of a main

25 area 4a and a peripheral area 4b (Fig. 30). The main area 4a

includes a plural number of the path holes 5 for the pressure
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etching protecting pattern is fornmed in parallel with a second path hole
whi | e being substantially aligned with a second wall. Thi s

manuf acturing nethod controls the etching so as not to be excessive, using
t he bl ade-1i ke etching patterns.

generating chambers 48. The peripheral area 4b includes a
plural number of the path holes 6 for the reservoirs in
association with the path holes 5. 1In each of these large
spaces, the major surfaces of the large space, or the upper or
5 the lower sides, which define the large space, are supported in
a cantilever fashion. Therefore, a boundary region between the
main area 4a and the peripheral area 4b is mechanically
fragiie.
To cope with this, the present embodiment uses
10 reinforcing means for reinforcing this fragile region. The
reinforcing means is realized i? the form qf a partition wall
105 formed between the main area 4a and the peripheral area 4b
in the vicinity of the ink supply path 104, which receives ink
from an external ink tank (Fig. 30(a). The partition wall 105
15 is slanted at an angle 6 (70.5°) with respect to the vertical
line in the drawing. The partition wall 105 may be formed in
a previous manner.
The partition wall 105 is bridged between the walls of
the path holes 6 or the ink supply path 104, while traversing
20 the ink supply path 104. It is obstructive in the flow of ink
from the ink tank to the reservoir. Therefore, after an old
ink cartridge is exchanged with a new one, the problem of a
defective ink discharge may arise highly possibly. However,
this problem can be solved by properly selecting the width W of

25 the partition wall 105 as seen from a graph of Fig. 31 showing
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Therefore, fine and precise path holes can be fornmed in the silicon
single-crystal substrate.

a curve representative of defective-discharge occurrence réte
vs. the width of the partition wall.
As seen from Fig. 31, the defective-~discharge
occurrence rate abruptly increases when the width W of the
5 partition wall 105 exceeds 80 um. For the spacer of 180 to 200
um, if the width W of the partition wall 105 is selected to be
approximately 20 pm, a satisfactory mechanical strength of the
bound;ry region of the spacer can be secured and the defective-
discharge problem can be solved. .
10 Accordingly, it is suggestible to select the width W of
the partition wall 105 to be wi?hin 20 to %0 pm.
The reinforcing means may be modified as shown in Fig.
30(b). In the modification, another partition wall 105b
crosses the partition wall 105 (denoted as 105a in this
15 instance) at the central part of the ink supply path 104. This
modified reinforcing means prevents poor bonding that is
possibly caused by a bending of the vibrator plate 10 in a part
thereof near the ink supply path 104 when the nozzle plate 1,
the spacer 4, and the vibrator plate 10 are assembled and
20 bonded together, and are fastened to the print head body 42.
Accordingly, no ink is leaked into the piezoelectric vibrating
members 32, and a normal operation of the piezoelectric
vibrating members 32 is ensured. The partition Qall 105b
includes the surfaces in parallel with the walls 5a and 5b of
25 the path hole 5. The width W’ of the partition wall 105b is

selected to preferably be 20 to BO um, as seen from Fig. 31.
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ng. 1 is an exploded vies showing an ink jet printer he

according to an enbodi nent of the present invention; Fig. 21is
pl an vi ew showi ng a spacer used in the ink
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The length L1 of the partition wall 105b where it is connected
to the. vibrator plate 10 is preferably the thickness of the
spacer 4 or larger.

) More than three partition walls may be formed in
consideration of the defective-discharge problem, and others.

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

A spacer used for the ink jet printer head is
illustrated in Figs. 34a and 34b. As shown, the narrow spaces
110 partitioning the pressure generating chambers 48 take: the
form of slits 114. Each slit 114 is extended from the ink
supply path 7 to a location beyond the nozzle opening 2. 1In
the embodiment, the partition.walls 111 and 112 of the chamber
partitioning means are 15 un:tmgge partition walls 111 and 112
have such a thickness as to allow these walls to be resiliently
deformable when the walls receive a pressure caused when a
pressure is applied to ink for ink discharge. A slanted bridge
95, triangular in cross section, traverses each pressure
generating chamber 48 in a state that it connects the partition

walls 111 and 112 of the adjacent chamber partitioning means,

as shown. The bridge 95 is located at the central part of each
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jet printer head; Fig. 3 is an enlarged, perspective view show ng
a portion of a vibrator plate where it is in contact with piezoelectric
vi brating el enents; Figs. 4(a) and 4(b) are a perspective view and
a cross sectional view showing respectively a piezoel ectric vibrator

pressure generating chamber.48 when viewed in the longitudiﬁal
direction of the chamber.
The bridge 95 is located on the side of the spacer 4,
closer to the nozzle plate 1, and spaced from the vibrator
5 plate 10,a fixed distance. Provision of the bridge 95 is not
obstructive in the flow of ink within the pressure generating
chamber 48. The thickness of the bridge 95 is.selected to such
an eétent as to prevent the partition walls 111 and 112 from
falling toward the narrow space 110 or the pressure generating
10 chamber 48. In this embodiment, the height from the base of
the triangle (of the cross section of the‘bridge 95) to the
vertex is approximately 70 pm.
In the ink jet printer head .thus constructed, the
piezoelectric vibrating elements 30, which vibrate in a
15 longitudinal vibration mode, are fastened at the first ends of
the pressure generating chambers 48 and attached at the second
ends thereof to the islands 11 of the vibrator plate 10. Drive
signals based on print data are applied to the print head. 1In
response to the drive signals, the piezoelectric vibrating
20 elements 30 longitudinally expand to compress the pressure
generating chambers 48 to cause pressure in the chambers.
The pressure generated expands the pressure generating
chamber 48, thereby bending the partition walls 111 and 112

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

25 and causing ink to shoot forth through the nozzle opening 2.
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unit and the structure of electrodes of the vibrator unit; Fig. 5
Is a cross sectional view showng a part of the ink jet printer head;

Fig. 6 is an enlarged, cross sectional view showi ng pressure generating
chanbers and their related portions of the

The narrow spaces :110 of the chamber partitioning

means, which partition the pressure generating chambers 48,

absorb the deformation of the partition walls 111 and 112

defining the narrow spaces 110, thereby blocking the transfer

5 of the displacement of the partition walls 111 and 112 to the

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

In Figs. 36a and 36b, there is shown another spacer

adaptable for the second embodiment of the ink jet printer

10 head: As shown, in this spacer, a second slit 115 is formed
which extends in the directioq 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.

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

In this instance of the embodiment, the narrow spaces

20 110 defined by the partition walls 111 and 112 are connected to
the second slit 115 located at one end of the spacer 4. If
required, these narrow spaces 110 or the slits 114 may directly
be opened to the air at both ends of the spacer individually.

Figs. 37a and 37b are plan views showing etching

25 patterns for manufacturing the spacer 4 structured as mentioned

above by etching a silicon single-crystal substrate of the
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ink jet printer head; Figs. 7(a) and 7(b) are enlarged, plan views
showi ng the pressure generating chanbers and their related portions of

the spacer in the ink jet printer head, the illustration show ng a
positional relationship anbng nozzl e openings, islands, and piezoelectric
vi brating el enents when the nozzle :

crystallographic axis (110) by an anisotropic etching methéd.
Fig. 37a shows an etching pattern on the side of the silicbn
single-crystal substrate on which the bridge 95 is formed, and
F;g. 37b shows an etching pattern on the side thereof on which
5 a space is provided above the bridge 95 so as to secure the
free flow of ink in the pressure generating chamber 48. 1In
Figs. 37a and 37b, the hatched areas indicate etching
protécting films. -
In Fig. 37a, reference numerals 120a and 120§ indicate

10 windows for defining etching areas to secure spaces for the

- pressure generating chambers 48 on one side of the silicon

single-crystal substrate. In Fig. 37b, reference numerals 120c
and 120d also indicate windows for defining etching areas to
secure spaces for the pressure generating chambers 48 on the
15 other side of the silicon single-crystal substrate. A
protecting film 12la for protectihg an area corresponding to
the bridge 95 against the etching is formed between the windows
120a and 120b. A small protecting film 121b for resisting the
etching to a certain degree is formed in the etching pattern on

20 the other side of the silicon single-crystal substrate.
Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-
crystal substrate (Fig. 37a). The narrow windows 122a and 122b
ranges between the windows 120a and 120b for forming the slits

25 114 each defined by the partition walls 111 and 112.
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pl ate, the vibrator plate, and the piezoelectric vibrating elenent are
f ast ened; Fig. 8 is an enlarged view showi ng the configuration of
a path hole form ng the pressure generating chanber

Windows 123a and 123b for the path holes 6 of the
reservoirs are formed closer to the ink supply paths to the
pressure generating chambers. The windows 123a and 123b are
coqnected to the windows 120b and 120d for forming the pressure

5 generating chambers 48 by narrow windows 124a and 124b,
respectively. These narrow windows 124a and 124b are for
etching the path holes 7 for the ink supply paths. Etéhing
prote;ting'patterns 125 are used for checking the progress of
an excessive etching into relatively narrow spaces; which is

10 caused by the edging effect in the anisotropic etching process.

. Of those windows 120a to 120d for the pressure

] §

generating chambers, the windows 120a and 120b on one side of

the silicon single-crystal substrate (Fig. 37a) are larger than

the windows 120c and 120d on the other side (Fig. 37b) or vice

15 . versa. The same thing is corxrespondingly applied to the
windows 124a and 124b.

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

20 thereof so that the former windows can cover the latter ones
when those windows Are erroneously positioned in the stage of
printing the etching patterns.

An anisotropic etching process will be described.

A silicon single-crystal substrate 130 of the

25 crystallographic axis (110), 220 pm thick (enough to satisfy

the thickness required for the spacer), for example, is
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8 - Figs. 9 (a) to (e) are diagrams showing a sequence of steps of
manuf acturing a spacer by processing a silicon single-

prepared. A silicon dioxide film 131 of 1 pm thick, for
example, is formed on the entire surface of the silicon single-
crystal substrate 130 by thermal oxidation process. The 1 um
thick of the film ;31 is sufficient for the f£film 131

5 functioning as a protecting film against an anisotropic etching
liquid (Fig. 38(a)).

Photo-setting photosensitive layers are formed on the
silicgn dioxide film 131 on the obverse and the reverse side of
the silicon single-crystal substrate 130. After'thé patterns

10 - (Fig. 37a) are positioned on one side of the substrate and the
patterns (Fig. 37c) are positioned on the other side thereof,

’ §
then the structure is exposed to light. Thereafter, the
structure is immersed into photolithography 1liquid. The
exposed areas, i.e., the areas in which path holes are to be

15 formed, on the substrate are dissolved to form the windows 133
and 134 since those areas are not hardened (Fig. 38(b)).

In this state, the structure is etched using hydrogen
fluoride 1liquid. The silicon dioxide films 131 within the
windows 133 and 134 are removed.

20 As described above, the silicon dioxide pattern 13la
formed on one side of the substrate covers the silicon dioxide
pattern 131b on the other side thereof (Fig. 38(c)).

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

25 a fixed temperature, for example, 80°C. In the etching

process, only the portions of the silicon dioxide f£film
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crystal substrate vertically oriented in (110) by anisotropic etching
process; Fig. 10 is an explanation diagramfor explaining a state
of etching as the result of a m salignnent of etching patterns forned on

t he obverse and the reverse side of the

corresponding to the windows ,133 and 134 are etched away at the
rate of 2 pm/min., with the patterns 13la and 131b of the
silicon dioxide film as protecting films.- In this case, the
etching progresses from both sides of the substrate at an angle
5 of approximately 35° to the surface of the substrate, viz., in
the direction vertical to the crystallographic axis (111).
The patterns 13la and 131b formed on the obverse and
the réverse side of the silicon single-crystal substrate 130
are sized such that one pattern covers the other patéer, viz.,
10 the boundary of the etching protecting pattern defining a
. position of the wall is positioned at a location outside the
boundary of the etching protec;ing patter; that is located
against the former etching protecting pattern in a mirror image
fashion. Accordingly, at the completion of the etching
15 process, the wall of a formed path hole 135 is defined by the
pattern 131b of which the boundary is positioned outside (Fig.
38(d)).
For this reason, even if the aligﬁment of the patterns
on the obverse and the reverse side of the substrate is not
20 exact, the etching is carried out while being defined by the
larger window 134.
When anisotropic etching process is carried out using
a pattern with only one window 136 (Fig. 38(e)), the etching
progresses along a specific crystal axis. As a result, the

25 etching progresses while being defined by the window 136,
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silicon single-crystal substrate, which are used for etching the surface
of the substrate vertically oriented in (110) by anisotropic etching
process; Fig. 11 is an explanatory diagramfor explaining a
progress of etching process when the silicon single-crystal substrate
vertically oriented in (110) is etched by anisotropic

thereby to form a concavity 138 trapezoidal in cross section.on
the window-formed side of the structure (Fig. 38(f)).
When slits are thus formed by anisotropic etching
process using the window 136 that is formed on only one of the
5 sides of the substrate, particularly only the side thereof to
be fastened to the nozzle plate 1, each of the resultant slits
is shaped trapezoidal in cross section as shown in Fig. 39a.
As séen from the figure, the opening area of the slit that
faces the vibrator plate 10 is small. Thereforé, a large
10 contact area is secured between the spacer and the vibrator
plate 10 which receives force from the piez?electric vibrating
members at the time of ink ekbelling. éurther, 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
15 fastened to the vibrator plate 10.

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

20 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

25 etching process.. If required, as shown in'Figs. 40a and 40b,

narrow windows 122a and 122b, and 122c and 122d for forming the
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et chi ng process; Figs. 12(a) and 12(b) are diagrans show ng an
exanple of patterns to forma spacer by etching the silicon single-
crystal substrate by anisotropic etching process, and a state of the
structure imediately before the etching process ends;

slits are formed on the patterns on both sides of the silicon

single-crystal substrate. The slits are formed by etching the

- silicon single-crystal substrate from both sides thereof using

the windows. In this case, the opening areas of the top and

] the bottom end of each slit are equal to each other, as shown
in Fig. 39b.

When this slit forming method by processing the
subsérate from both sides thereof by anisotropic etching
process is applied for a case where the nozzle opénings are

10 arrayed at relatively large pitches, it is easy to obtain the

) compliance as intended.
(] f

In the above-mentioned embodiment, the partition walls
horizontally . defining the pressure generating chamber are
uniform in thickness. However, the narrow spaces 110 may be

15 constructed deviated to one pressure generating chamber as
shown in Fig. 41. 1In this case, of the partition walls 111 and
112 horizontally defining the pressure generating chamber, the
partition wall 111 takes the charge of the compliance.

In the above-mentioned embodiments, the so-called face

20 ink jet printer head in which the nozzle plate, the spacer, and
the vibrator plate are stacked one on another, has been
discussed. It is evident that the present invention is applied
to the spacer of a called edge ink jet printer head in which
the nozzle plate, the spacer, and the vibrator plate are

25 stacked one on another, and the nozzle openings are formed in
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Fig. 13 is an enlarged, plan view showi ng etching patterns of the
reservoirs in the structure for supplying ink fromone reservoir to two
pressure generating chanbers; Figs. 1l4a and 14b are di agrans
showi ng anot her pattern for the anisotropic etching, the illustration
showing a state of etching i mediately before the etching ends;

the end faces of the pressure generating chambers (wﬁen
longitudinally viewed). |
The spacer made of silicon in which the pressure
generating chambers, the spacer, and the reservoirs are formed
S by the path holes has been described. Another type of the
spacer will be described.
Fig. 42 is an enlarged, perspective view showing a key
pdrti;n of an ink jet printer head according’'to a third
embodiment of the present invention. In Fig. 42; a nozzle

10 plate with nozzle openings 2ioa,a spacer 200, and a vibrator

]
plate 211 are stacked to form i?k 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 iﬁk flow paths

15 of pressure generating chambers 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 tempered
by a protecting film (not shown) in which impurity atoms are

20 added to silicon by thermally diffusing oxygen atoms, thereby
improving the resistance properties of the ink path against ink
and the affinity thereof with ink. The protecting film is not
essential to the present invention. When ink used is properly
selected or adjusted, there is no need of using the protecting

25 film.
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15 is an enlarged, plan view show ng another etching pattern
containing reservoirs in such a structure for
This is the replacenent sheet

10

15

20

25

The ink supply.path,zoz is triangular (shaped like V)
in cross section, and its volume is smaller than that of the
pressure generating chamber 201 contbured rectangularly. Flow
re§istance of the ink supply path 202 is larger than that of
the pressure generating chamber 201, thereby improving the
efficiency of forcibly discharging ink droplets. At the time
of ink expelling, the quantity of ink flowing into the nozzle
210 is increased, while at the same time the quartity of ink
flowing into the reservoir 203 from the ink supply pﬁth 202 is
decreased. The space to be the pressure generating
chamber 201, contoured parallelogram, i; enelosed by the (111)
faces parallel to the crystal ax;s <211>. The space to be
the ink supply path 202 is defined by the (111) faces slanted
parallel to the <110> axis. The space for the ink supply
path 202 is located at the acutely angled corner of the
parallelogram of the pressure generating chamber 201, in order
to secure a smooth flow of ink and a smooth discharge of ink
bubbles.

A method of manufacturing'the ink jet printer head thus
structured wilfrgi described.

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

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

oriented in (110), is heated at 900 to 1100 °C , and placed in
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high temperature gas of oxidizing agent, such as oxygen §r
aqueous vapor, thereby diffusing oxygen atoms in the surface
region of the substrate. In this embodiment, through the
thgrmal oxidizing process, a film 230 made of silicon oxide,
1.7 pm thick, was formed. The silicon dioxide film 230 is
used as a mask in the step of anisotropic etching process to be
'given later. Any of other methods than the thermal oxide
proce;s, such as CVD (chemical vapor deposition) méthod, an ion
implaﬁtation method and anode oxide method, may b; used for
forming the £film 230. The silicon substrate film may be
replaced by a silicon nitride film, a cal}ed p-type silicon
)

film added with boron or gallium atoms, or a called n-type
silicon film added with arsenic or antimony atoms.

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

a thickness of .
200 of,0.18 mm .. was used.

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

After the resin resist is removed, a mask pattern of
the silicon oxide film 230 that is patterned in the previous

process step appears on the substrate as shown in Fig. 43(a).

A window 231 is a location for the pressure generating chamber
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supplying ink fromone reservoir to two series of pressure generati ng

chanbers; Fig. 16 is an enlarged, cross sectional view show ng a
portion of the path hole formng the pressure generating chanber in the
vicinity of the nozzle opening; Fig. 17 is a view show ng anot her

path hole form ng the

201. A window 232 is a location for the ink supply path 202.

A window 233 is a location for the reservoir 203.
The silicon single-crystal substrate 200 is etched by
an;sotropic etching process, using an etching liquid in which
S the .etching rate varies depending on the crystal face
orientation, such as an aqueoué solution of sodium hydroxide or
an aqueous solution of potassium hydroxide. The anisotropic
etchihg process ends in a state shown in Fig. 43(c) through a
state shown in Fig. 43(b). Specifically, the (111) face
10 vertical to the (110) face of the surface of the silicon
single-crystal substrate 200 anq the (111) ?ace slanted to the
same appear in the window 231 after it undergoes the

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

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

steps, spaces 20la each of which substantially determines the
volume of a pressure generating chamber 101, spaces 202@ each
of which substantially determines the volume of the ink supply
20 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 imme;sed for about

25 90 minutes in an aqueous solution containing sodium hydroxide
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pressure generating chanber; Fig. 18 is a view show ng yet anot her

path hole form ng the pressure generating chanber; Fig. 19 is a
view showi ng still another path hole formng the pressure generating
chanber;

of 20 wgt. %, kept at 80 °C. The resultant structure was.as
shown in Fig. 43(c).
A partition wall 234a, depending upon the vertical
(111) faces, for partitioning the spaces 20la to be the
5 pressure generating chambers 201 and the spaces 202a to be £he
ink supply paths, and a partition wall 234b for partitioning
the spaces 202a to be the ink supply paths and the space 203a
to be-the reservoir are removed by an isotropic etchinq liquid,
such as an aqueous solution of fluorine oxide. Tﬁe silicon
10 oxide film 230 is also removed in the etching process using the
isotropic etching liquid. The etching ra?e in this etching
process is substantially equal éo that in the etching procegs
for the silicon single-crystal substrate 200. Accordingly, the
thickness of the partition walls 234 is set at 1.7 um, equal to
15 that of the silicon oxide film 230. Impact by ultrasonic
vibrations, in place of the isotropic etching liquid, may be
used for removing the partifion walls 234.
Then, a protecting film (not shown) is formed for
obtaining a desired resistance properties of the ink path
20 ~against ink and a desired affinity thereof with ink. The type
of the protecting film to be formed and the means for forﬁing
the protecting film are the same as those in the step for
forming the mask pattern 230. It is suggestible to form a
silicon oxide film by the thermal oxide process.
25 With provision of the partition walls 234 (234a and

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

Sheet Has Been ReplacedT!

"R




Fig. 20 is an enlarged, cross sectional view showing a portion of the path
hole form ng the pressure generating chanber in the vicinity of the nozzle
openi ng; Fig. 21 is a view showing a further path hole formng

t he pressure genérating chanber; Fig. 22a is a plan view show ng

t he structure of .

eliminated an excessive etching at the acutely angled corner of
the parallelogram that secondarily occurs in the anisotropic
etching process. As a result, the spaces 20la and 202a can be
shaped as desired. |

5 It is noted that the ink supply paths 202 and the
pressure generating chambers 201 are integrated into a single
part (silicon single-crystal substrate 200). With this
struc.ture, the precise shaping as one of the 'a'dva_ntageous
features of silicon is well used to provide uniform discharging

10 characteristics of the ink paths and less variation of the
product characteristics of lots: Only the‘(lll) 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

15 process 1is Dbroad. Extremely stable products can be
manufactured.

Fig. 44 is a perspeétive view showing a key portion of
an ink jet printer head according to yet another embodiment of
the present invention. In this embodiment, each pressure

20 generating chamber 201 is provided with a plural number (two'in
this embodiment) of ink supply paths 202. Spaces 202a to be
the ink supply paths 202 are respectively located the acutely
and obtusely angled corners of the parailelogram of the space
201la to be the pressure generating chamber 201. With this, a

25 smooth flow of ink and a smooth discharge of ink bubbles are

ensured.

et Has Been ReplacedTl

|

- 49 -




anot her spacer; Fig. 22b is a plan view show ng a positiona
relati onship of the nozzl e openi ngs, islands, and piezoelectric vibrating
el enents when the nozzle plate, the vibrator plate, and the piezoelectric
vibrating el enments are nounted on the

Fig. 45 is a perspective view showing a key portion-of
an ink jet printer head according to a further embodiment 6f
the present invention. Spaces 204a which substantially
determine the volumes of the nozzle openings are also formed

5 like the spaces 202a of the ink supply paths 202. The nozzle
openings 204 are locatéd on @ peripheral edge of the silicédn
51ngle -crystal substrate 200. The ink jet printer head of this
embodiment is ai;;lled edge ink jet printer hedd. Since a
plural number of the nozzle openings 204.are arrafed on one

10 side face of the silicon single-crystal substrate 206, the
peripheral edge 200a is finished to be flaﬁ 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
15 flow resistance. Those ink supply paths, together with the
pressure generating chambers 201, can be formed in the silicon
single-crystal substrate 200. Each ink supply path 202 is
supported at both ends by the ink supply paths 202 on both
sides thereof, and similarly each pressure generating chamber
20 201 is supported at both ends by the pressure generating
chambers 201 on both sides. Therefore, easy handling of the
silicon single-crystal substrate 200 after the ink supply paths
202 and the pressure generating chambers 201 are formed therein

is realized although the silicon of the silicon single-crystal

25 substrate 200 is fragile.
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spacer ;- - Fig -23 s a view showi ng an additional path hole forning
the prﬁ§§M§§Hg een e % Chanber

L

S/

Claims S6468-EP
5 1. An ink jet printer head comprising:

spacer (4, 200) including path holes (5, 90) for forming
pressure generating chamber (48, 201) continuous to
nozzle openings (2, 210a, 204), ink supply paths (104,
10 202), and reservoirs (203);
~a cover member (1, 210) for sealingly covering the

pressure generating chamber (48, 201); and

15 preésure generating means (%0) for generating pressure in
the pressure generating chamber (48, 201) in accordance
with print data,

wherein the spacer (4, 200) includes a silicon single-
20 crystal substrate (60, 72, 130) vertically oriented in

(110) which is processed by anisotropic etching in such a

manner that one of the walls (5a, S5b) defining the path

hole (5) forming the pressure generating chamber (48) is

continuous to one of the walls (7a, 7b) defining a path
25 hole (7) forming the ink supply path (104, 202).

2. The ink jet printer head according to claim 1, wherein an
end portion of the path hole (5, 90) forming the pressure
generating chamber (48, 201) is defined by four wide

30 walls (5a, 5b, 5f, 5g) connected to one another at obtuse
angles. (83, 04, 05).

3. The ink jet printer head according to claim 1 or 2,
wherein an end portion of the path hole (5, 90) forming
35 the pressure generating chamber (48, 201) is defined by
six wide walls (5a, 5g, 5f’, 5fl1’, 5f2', 5b) connected to

one another at obtuse angles (04, 65 66, 07, 08).
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Fig. 24 is a cross sectional view show ng the cross

shape of "a~bri-dge;
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The ink Jjet printer head according to any of the
preceding claims, wherein an end portion of the path hole
(5, 90) forming the pressure generating chamber (48, 201)

_is defined by seven wide walls (5a, 5b, 5f, 5g, 5h, 5f1,

5£2) connected to one another at obtuse angles (04, 65,
66, 67, ©08).

The ink Jjet printer head according to any of the
pfeceding claims, wherein one of the walls (7a, 7b)
defining the end of the path hole (7) for the ink supply
path (202) where the path hole (7) is connected to the
reservoir (203) consists of two walls (6b, 6c) so that
the diameter of the end of the path hole (7) connecting
to the reservoir (203) gradually increases toward the
reservoir (203).

The ink Jjet printer head according to any of the
preceding claims, wherein one of the walls (7a, 7b )
defining the end of the path hole (7) for the ink supply
path (104,202) where the path hole is connected to the
pressure generating chamber (48) consists of two walls
(5d, 5e, 90e, 90f) so that the diameter of the end of the
path hole (7) connecting to +the pressure generating
chamber (48) gradually increases toward the pressure

generating chamber (48).

The ink Jjet printer head according to any one of the
preceding claims, wherein a plurality of rectangular
indentations (50) for receiving excessive adhesive are
disposed around the path holes (5, 6, 7, 90, 91, 92).

The ink jet printer head according to claim 7, wherein
the opening area of each of the indentations (50) is
0.001 mm2? to 0.01 mm2. '
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Figs. 25 and 26 are vféQs ﬁf exenpl ary etching patterns formed on the
obver sed

formthe
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e of the silicon single-crystal substrate to

etching that is carried out using thesgbove etching
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10.

11.

12.

The ink jet printer head according to any one of the
preceding claims, wherein a film of silicon dioxide (61,
66, 131, 230) is formed on the surface of the spacer (4,

1200).

The ink jet prinﬁer head according to any one of the
preceding claims, wherein a bridge means (95, 102) is
formed across one or more of the path holes (5, 7, 90,
9i) forming the pressure generating chamber (48, 201) and
the ink supply path (104, 202) respectively. )

An ink jet printer head comprising:

a spacer (4, 200) including path hdles (5, 90) for
forming pressure generating chamber (48, 201) continuous
to nozzle openings (2, 210a, 204), ink supply paths (104,
202), and reserxrvoirs (203),

a cover member (1, 210) for sealingly covering the

pressure generating chambers (48, 201); and

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

wherein the spacer (4, 200) is a 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
path (104, 202), respectively.

The ink jet printer head accoxrding to claim 10 or 11,

wherein the bridge means (95, 102) includes at least two
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ﬂ Figs. 27 (a) to (d) and 28 (a) to (d) are a
S and a plan view showi ng a progressive state of t he



patterns; ~ Fig. 29 is a plan view showi ng another path hole

f orm nghis iHas BaereR d8&ti ng chanber; Fig. 30 is a perspective
vi ew, par mm lﬂ ectlon showi ng anot her enbodi nent of an ink jet
printer

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
5 .thickness of the spacer.

13. The ink jet printer head according to claim 12, wherein
the slanted surfaces (95a, 95b) of the bridge means (95,
102) are each slanted at an angle of approximately 35° to
10 the surface of the spacer (4, 200). ..

14. The ink jet printer head according to any one of the
preeceding claims, wherein a partition wall (105) is
formed across the path hole (6, 91) for the reservoir

15 (203) while traversing the 'ink supply ‘path (104), which
receives ink from an external ink tank.

15. The ink jet printer head according to claim 14, wherein
the thickness of the partition wall (105) is within the
20 range from 20 um to 80 um.

16. The ink jet printer head according to claim 14 or 15,
wherein the partition wall (105) is oblique to the array
(3) of the nozzle openings (2).
25
17. The ink jet printer head according to any one of the
preceding claims, wherein partition walls (111, 112) for
partitioning the pressure generating chambers (48, 201)
are provided, separated from each other by a space (110)
30 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.

18. An ink jet printer head comprising:
35

L
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19.

20.

21.

22.

Fig. 31 is a cross sectional view
B&Tpr essure generating chambers, and the
dge and the nozzl e openi ngs; Fi gs.
a cross sectional
55

ﬂmum

a spacer (4, 200) including path holes (5, 90) for

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

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

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

wherein partition walls (111, 112) for partitioning the
pressure generating chambers (48, 201) are provided,
separated from each other by a space (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.

The ink jet printer head according to claims 17 or 18,
wherein the slits (l14) are formed from one side of a
silicon single-crystal substrate (60, 72, 130) by
anisotropic etching process, the cross section of each of

the slits (114) is trapezoidal in shape.

The ink jet printer head according to any one of the
claims 17 to 19, wherein each of the slits (114) is
formed between the adjacent pressure generating chambers
(48, 201).

The ink jet printer head according to any one of claims
17 to 20, wherein the slits (114, 115) are opened to the

air.

The ink jet printer head according to any of claims 17 to
21, wherein the opposed walls (111, 112) of each of the

MU oo
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pressure generating chambers (48, 201) are connected by a
bridge means (95) formed at a part of the path hole (5,
90) forming the pressure generating chamber (48, 201).

. The ink Jjet printer head according to any of thee

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

An ink jet printer head comprising:

' H
a nozzle plate (1, 210) with nozzle openings (2, 210a,
204);

a spacer (4, 200) including pressure generating chambers
(48, 201), ink supply paths (104, 202), and reservoirs
(203);

a cover member; and

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

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

receiving ink.

i

Iy,
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Fig. 3%m£h%et I a fan1 schenatlcally showing the structure includihg
a pressur Sepfre ﬁ%ﬁﬂér the illustration show ng deformation of the
chanber g’ﬂﬂnmﬂ”, I1's when a pressure is applied to the chanber;

57

25. The ink jet printer head according to claim 23 or 24,
wherein the thickness of the partition wall (105) is
within the range from 20 pm to 80 um.

5 26.. The ink jet printer head according to any of the claims
23 to 25, wherein the partition wall (105) is oblique'to
an array (3)of the nozzle openings (2, 210a, 204).

27. The ink jet printer head according to any of the claims
10 23 to 26, wherein the partition wall (105a) includes
another partition wall (105b) crossing the partition wall

(105a) at the central part of the ink supply path (104).

28. The ink jet printer head according to any of the

15 preceding claims, wherein the préssure generating

chambers (48, 201) each have walls of at least two (111)

faces wvertical to the surface of the silicon single-

crystal substrate (200), and the ink supply paths (202)

each have walls of at least two (1l11) faces slanted to

20 the surface of the silicon single crystal substrate
(200).

29. An ink jet printer head comprising:

25 a spacer (4, 200)'including pressure generating chambers
(48, 201) continuous to nozzle openings (2, 210a, 204),
ink supply paths (104, 202), and reservoirs (203);

a cover member (1, 210) for sealingly covering the
30 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, '

35
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Figs. 34a and 34bare a plan view and a cross sectional view show ng
anot her hB[sheétiHas Been Replacelfi 9S. 35a and 35b are pl an vi ews show ng

patterns obverse and the reverse sides of a spacer forned
of a sili stal substrate g@en the spacer is processed by

ani sot r opl cess;

wherein the spacer (4, .200) includes a silicon single-
crystal substrate (60, 72, 130) having the surface
vertically oriented in (110) that is processed by
anisotropic etching process so that the pressure
5 .generating chambers (48, 201) each have walls of at
least two (111) faces vertical to the surface of the
silicon single-crystal substrate (200), and the ink
supply paths (202) each have walls of at least two (lli)
faces slanted to the surface of the silicon single-
10 cfystal substrate (200).

30. The ink jet printer head according to claim 28 or 29,
wherein the two (111) faces of the ink supply path (202)
form a V-shaped groove.

15 ' s

31. The ink jet printer head according to any of the claims
28 to 30, wherein the nozzle openings (204) communicating
with the pressure generating chambers (201) each have
walls of two (111) faces slanted to the surface of the

20 silicon single-crystal substrate (200).

32. The ink jet printer head according to claim 31, wherein
the two (111) faces of the nozzle opening (204) form a V-
shaped groove.
25
33. A method of processing a silicon single-crystal substrate
in use with an ink jet printer head, comprising the steps
of:

30 forming anisotropic etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for forming path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-
crystal substrate vertically oriented in (110); and

35 '

D
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Figs. 36 (a) tO““(FYWéFe'viemsJéhomﬁng a sequence of steps for fornmng a
spacer by anﬁ,§§ﬁé@nb§3ﬁmmemocess Figs. 37a and 37b are cross

sectional vie ts forned by ani sotropic etching process when
viewed in thevm

direction of the pressure generating chanber;
59
forming the path holes from the obverse and the reverse

sides of the silicon single-crystal substrate by
anisotropic etching process, wherein the anisotropic
etching protecting patterns include anisotropic etching

5 .protecting patterns which are positioned at one side of
the silicon single-crystal substrate to form a first path
hole and a second path hole which is narrower in width
than the first path hole and which are aligned with each
other, and a blade-like etching protecting pattern is

10 fdimed in parallel with the second path hole_ while being
substantially aligned with a wall of the second path
hole.

- 34. A method of processing a silicon single-crystal substrate
15 in use with an ink jet printer head, comprising the steps
of:

forming anisotropic etching protecting patterns made of
silicon dioxide, coincident in configuration with
20 patterns for forming path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-
crystal substrate vertically oriented in (110); and

forming the path holes from the obverse and the reverse
25 sides o0of the silicon single-crystal substrate by

anisotropic etching process,

wherein the anisotropic etching protecting patterns
include anisotropic etching protecting patterns which are

30 positioned at one side of silicon single-crystal
substrate to form a first path hole and a second path
hole which is narrower in width than the first path hole
and which are aligned with each other, and a blade-like
etching protecting pattern is formed to align with the

35 longitudinal direction of the second hole and which is
parallel to the second path hole.
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Figs. 38a and 38b HB£§ WQ Qgegpomnng anot her type of patterns forned
on the obverse a srde of the silicon single-crystal
substrat e; JT E E cross sectional view show ng an additional
spacer;

nlarged per spective view showi ng a key

35. The method of processing a silicon single-crystal
substrate according to claim 33 or 34, wherein one of the
silicon dioxide patterns located in a mirror image

5 ..fashion is coincident in position with the path hole
formed by the etching process, while the other is
dislocated to the inner side of the path hole to be
formed. "

10 36. Tﬂe method of processing a silicon single-crystal
substrate according to one of claims 33 to 35, wherein an
end region requiring a smooth wall in the first path hole
is dislocated toward the second wall and an etching

- protecting pattern with a protruded part is formed

15 thereon. - ' '

37. The method of processing a silicon single-crystal
substrate according to claim 36, wherein the resultant
structure is processed by anisotropic etching process.

20 '

38. A method of manufacturing an ink jet printer head

comprising the steps of:

forming a first pattern substantially aligned with the
25 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
30 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
35 spacer,

L
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portion of an ink jet printer head according ta. an additional .. enmbodi nent
of the present invention; Figs. 41 (a) to ﬁﬂ“ are ﬁlan Vi ews show ng

a met hod of manufacturing the spacer of the HH"I' H;IIITHI Il”"lad according

to the present invention;

wherein the second etching 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.

39. A method of manufacturing an ink jet printer head having
pressure generating chamber communicating at first ends
with ink supply paths and at the second ends with nozzle
openings for shooting forth ink droplets comprising the

10 sﬁeps of: .
forming first spaces each having walls of two (111) faces
slanted to the surface of a silicon single-crystal
- substrate vertically oriented in (110) and a second space
15 having walls of at least twp (111) faces vertical to the
surface of the silicon single-crystal substrate by
anisotropic etching process using an etching liquid in
which an etching rate depends on the crystal orientation;
and
20
removing a partition wall of the (111) face for
partitioning the first and the second spaces.

40. The method of manufacuring an ink jet printer head

25 according to claim 39, further comprising the steps of:

forming a first pattern substantially aligned with the
base of a bridge means triangular in cross section which
is formed one of the major surfaces of the spacer; and
30
forming at least two narrow etching protecting patterns
and second etching protecting patterns for connecting the
narrow etching protecting patterns to etching protecting
patterns for forming one of the walls of the pressure
35 generating chambers and the ink supply paths, the etching

protecting patterns and the second etching protecting

his Sheet Has Been ReplacedT)
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5 i
41.
10
15 42.
20
43.

Fi-g—-42--i-s--an.enl.arged, perspective view show ng a key

A

62

patterns being formed on the other major surface of the
spacer,

wherein the second etching 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.

The method of manufacturing an ink jet printer head
aéﬁording to claim 39 or 40 , wherein the .first space
substantially determines the volume of the ink supply
path, and the second space substantially determines the
volume of the pressure generating chamber

The method of manufacturintg an ink fjet printer head
according to claim 39 or 40, wherein the first space
substantially determines the volume of the nozzle
opening, and the second space substantially determines

the volume of the pressure generating chamber.

The method of manufacturing an ink jet printer head
according to any one of the claims 39 to 43, wherein the
partitioning walls are removed by isotropic etching
process. '

his Sheet Has Been ReplacedT!
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portion of an ink jet printer head according to a further enbodi nent of
the present invention; and Fig. 43 is an enl arged, perspective
view showing a key portion of an ink jet printer head according to another
enbodi mrent of the present invention.

63

ABSTRACT

An ink jet printer head includes a spacer (4) including

pressure generating chambers (48) continuous to nozzle

5 ..openings (2), ink supply paths and reservoirs, a cover
member for covering the pressure generating chamber (48)

in a sealing fashion, and pressure generating means (30)

for generating pressure in the pressure generating

chambers (48, 201) in accordance with print data. 1In

10 pfocessing a silicon single-crystal substrate vertically
oriented in (110) by anisétropic etching process, one of

the walls of a path hole for forming a pressure
generating chamber (48) is aligned with one of the walls

- of a path heole for forming the ink supply path. Walls
15 defining the path hole for 'forming a p&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

20 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.
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“In Fi%eikghave\é@nazgn &ﬂ)’fﬁ;irrent of the present invention, |inear opening
array$¥gwads o PQﬂ!ﬁg'*'oP!‘hozzle openings 2 are formed in a nozzle plate

1. fl:ﬁe;s\e-_ ozAjp yorenpg are linearly arrayed at such pitches as to
forma priﬁt ﬁns\{'t{?éf ra?iB(‘)-?DPI.
| o //35'
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A spacer 4 I s sandwi ched between a vibrator plate 10 serving a first
cover plate (to be given later) and the nozzle plate 1 as a /ﬁ%g ver
plate. As shown in Fig. 2, the spacer 4 contains pressure gener/a gﬂ

chanbers,. reservoirs, an ink supply port connecting them and path holes
5 6, 7, and

This Sheet Has Been Replaced
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8 for formng fluid paths for distributing ink froman ink taﬁB to the
reservoirs. A vibrator plate 10 cooperates with the Sp qgggﬁ and
the nozzle plate 1'to formthe pressure generating chanbers. As Shown in
Fig. 3, each of the pressure generating chanbers is formed of an island 11
and a thin portion 12. The island 11, in contact with the top of a
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el ement 30 contained in a piezoelectric vibrator unit 21, has suchly a

rigidity as to 13 ﬁz 258,
31 20
N\ s
41

1z 10

2 Sf Z \de_
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transmt a displacenment of the pi ezoel ectric vibrating el ement t he
possi bly largest area. The thin portion 12 is forned in the pe

5" 5P
area of the island 11. Wth such a construction, the press

generating chartber can efficiently be expanded and conpressed-in
accordance with stretching
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notions of the piezoelectric vibrating el enent 30. The
pi ezoel ectric vibrator units 21 are arranged as shown in Fig. .. The
pi ezoel ectric vibrating elenents 30 of the piezoelectric vibra Zu@ts 21

are arrayed at fixed pitches along the fixing board 31 in a state that the
first
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-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

pi ezoel ectric vibrating elements 30 to vibrate in a |ongitudi nalyl/‘%)?t i on
node. Each pi ezoelectric vibrating el enent 30, as shown'# i g.
4(b), is constructed such that piezoelectric vibrating

eIt
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2
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menbers 32, drive electrodes 33, and conmon el ectrodes 34 are alternately
| ayered. The rear ends of the drive electrodes 33, exposed to outside,, are
connect ed 4 arallel by an external drive electrode 35, which is f@r

by vapor d¢Position process, for .exanple. The conmon el ectrodes 34 §
extended t'o !
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the free end of the piezoelectric vibrating element 30 and connected in
parall el by an external common el ectrode 36 extended to the sides;?f t he
pi ezoel ectric vibrating el enent. The outer nmjor surfaces 552%
external drive electrodes 35 of the piezoelectric vibrating el enen

=il F.—'ny [0

[ - - 72
L ( ! é7
71 a;(
72b 71
[ f
gurrﬁf,//-
, ' (110)
¢110) ””)”.”’J
( E 1 <<% >, 4§
g — |- —J
(111)(1-11)

as Been Replaced

i~



HasReehiRebRged0ard 31. The external

mﬁmmummnm ' o/

 FIG./2a £ ¢
5a (5 : __',--- | 8/2 ,/
(,"/;/7—// ;::«ur—‘iw !’I::J J’ =~
u' T
fl[!ﬁ-—w"*'ﬁ (

of oo | ¢ 8 % T g

' 7 [7[7[7[7[7
= 000,

VAV LA A //,(\Jr_.,_\ — —

Nl B




common el ectrodes 36 of the giezoelectric vibrating elenents 30 are
electrically and physically

/ kjeiSheetiHas Béendteppicepdes 40 forned on t

bottom end faces. of dummy vibr 39, which are Iocated%? jiﬁm
sides of the array of the pie i iilf ati ng_el ements 30, - by ans of
a conductive nmenber 38. The el ectr 40, |like the external

drive : ’
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‘el ectrode 35, are forned on thEh Haeménf pf the dummy vibrating
él enents 39, and are to be coupl ctlon circuit boa

;
ReturgZEgébo Fig. 1, a print hea des unit receive Hﬂﬁégiég
for r i ng piezoelectric vibrator unlt

| :f/ /6
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in a state f{hat the free ends of t-he piezoelectric vibrating elenents 30

are expoﬁﬁo‘ i de, d an |nk supply port 44 for supplyi ng |nk from

an ink tan g/?]OII’S assenbly of the vibrator p t he
spacer 4, andthe zzl e platellsfirn1y attached to the sur the
prii nt head body 42 by neans of a frane nmenber 45, which al so serve as an
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el ectrostati ¢ shield. The resultant is a record head assenbly.
cross sectional view of the record head assenbly thus constructeq/
vi wed in the direction vertical to the

‘'nozzl e array. The plezoelec r
rator unitsg21 ar.e fastened
Reference ﬂﬂkﬁg

to the print head body 42 by epoxy re
al 46, .
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designates an inflow port connecting to the ink tank.,
construction of the record head shown in Flg 1,
as shomm in Flg 6, are closed :

spacer,

-
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15 by the nozzle plate 1 and, the vibrator plate 10, thereby formng
pressure generating chanbers deS| gnat ed by reference nuneral 48. Wen the

thin portion 12 of the vibrator plate .10, ) _ //
, 38
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which receives a stretching nmotion of the piezoelectric vibrating elenent

30 through the island 11, is deformed to conpress the pressure generating

chanber 48, the. pressure generating chanber 48 pushes ink contai

therein to exterior in the formof ink droplets through the noz \Eﬁfhing
2. Figs. 7(a) and 7(b) are enlarged, plan views show ng
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the path holes 5, which formthe pressure generating chanbers, and their
rel ated portions of the spacer 4 in the ink jet printer head. Path holes
5 to serve as pressure generating chanbers 48, path holes 6 to serv

reservoirs, and path holes 7 to serve k_?gj ly ports are forned
silicon : X ;‘;E\S[([;n @ 27

5 5a 50 - 5b 5¢ 7b
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si ngl e'-crystal substrate vertically oriented in (-110). The silicon
single-crystal substrate has the thickness necessary for the spacer, e.g.
220 [err], The path holes 7 to serve as ink supply ports are each

desi gned L¥ hat the Zgnd 7b défining the path hoie 7 spaced
apart from each other ; ance as to gain 3?
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a flow path resistance suitable for the ink supply path, and

7a of the path hole 7 is aligned with a wall 5a of the path hole 5 form ng
t he pressure generating chanber 48. In a case where the_vibrator

plate 10 is bonded to the nozzle plate 1 by adhesive, i ndent atd-das for
/[ eceiving
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etching process. The indentation 50 is approximately 100 [err]m or
shorter long in one of the sides thereof. The depth of the icgf t ayi on 50

E§%We.

is selected so as to have such a volune as to contain excessi
An opening area of the indentation 50 is preferably
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" within a range between 0.001 m® and O.EEIan. Wen it is smaller than

0.-001 mjerr], the indentation 50 can unsatisfactorily recejve
excessi ve adhesive. Wen it is larger than 0.01 mR2, an a(/} tory
adhesion area is secured, weakening the adhesion’ of the vi br _% late 10
to the nozzle plate 1. When an eutectic jointing nethod, not using
adhesi ve; .
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i s used,-"there is no need of using these indentations 50, as a matter of
course. ‘L..- Fig. 8 illustrates a path hole formng a p

genefAt Q.- chanber 48 and a path hole formng an ink suppl yjﬁé)/%gand
angl s of t I)s Qf t hese path’ hoI es. The path .

; O
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hole 5 fofm ng the pressure generating chanber 48 incl udes
lto 5g. The walls 5b, 5f,
jointed at angles [err]3,
and [err]5 are obtuse angl es of approximtely 152[err],
respectively. The walls 5c,

110[err],

59, and 5a around the
[err]4, and [err]b5.

5d, and 5e of the

.nozzl e openlng 2
The angles [ered
100[ err]
path hole 5

| ocated adjoining to the path hole 7 to serve as

(b)
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t he ink su'pply path, are arranged so as to gradually enlarge a junction
area where 117?9[' nk supply -path opens to the pressure generati:gg/hanber.
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is formed so as to

7a of the path hole 7 for the ink supply path
5a of the path

be conti nuous to the mal]

The wal |
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laced
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hole 5 for the-pressure generating chanber. The wall 7b of the path hole 7
I s spaced apart fromthe wall 7b and arranged in parallel with the latter.
The distance between themis selected to such an extent agf' in a

flow path resiFtance gsuitablé,for the ink supply path. The wal Bt the
path hole™ 7, which sﬁ;?;hb?g?wardly extends fromthe pressure génerating
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t he path

an angl e

/

g

"6a of
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junction part defined by
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To assenbl e, adhesi've is applied to the spacer 4 thus structured, and
sandwi ched by the nozzle plate 1 and the vibrator plate 10 after these are
accurately positioned to one another, and the assenbly of those,conponents
i's pressed together. Adhesive not used for bonding them 1 &§g iMt g the

I ndent atlons 50 Iocat ed around the path holes 5, 6 and 7 3g
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t he ink
such a di sadvant ageous situation

generati ng chanbers
t her eby changing the volunmes o

a result,
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resul tant structure produced after conpletion of the bondind process, each
* nozzl g~ ing 22 of the nozzle plate 1 is l'ocated )
TZHL
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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\éi
extended over the substantially entire length of the pressure qgiéggv
chanber . Wien the piezoelectric vibrating element 30 is driv
state, the displacenent of the elenent is transferred to the whole.
pressure_generati ng. : .
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chanber by way of the island 11. Therefore, the displacenént of the
pi ezoel ectric vibrating el ement 30 can be highly efficiently trangforned
into a variation of the volunme of the pressure generating CEE

In Figs. 9 (a) to (e) show a sequence of steps for - 57
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manuf acturing the spacer 4 wherein a silicon single- crystalﬁg e
of the crystallographic axis (110), 220 [err]mthick (enoug tlsfy
the thickness required for the spacer), for exanple, is prepared.

silicon dioxide film®6l which_is 1 [errlmthick, for exanple, is forned
on-the surface of the silicon single-crystal substrate 60 by thérmal

oxi dation process. The t hi ckness

A 233 282 . 23/ R

/ &,
7
/ —~ 220

{ W 230

433 Jeda 232 2022

otf [ eNA” ) S

Zola-  (111) B

2P — . ' ,
23¢h . ( U\/ /“’230

& (1) B , / :

iy Be)

2o3a Aol 20/a
g & // / /_/_200

) (d)
L

This Sheet Has Been Rep

T

)

~
[
By



of 1 [err]m Is sufficient for the film®61 functioning as a
protecting fi'l magainst an anisotropic etching liquid (Fig. 9(a)).

A hydrogen fluoride protecting film62 is forned on the obverse and the
reverse side of the silicon single-crystal

Fy. 47 T/ 3¢

902°(302a)

203 (2030.)




substrate 60 with the silicon dioxide film61l formed thereon by a
‘l'i thography nmethod. The protecting filme62 forned on the substrate
"includes wi ndows 63 and 64 corresponding to the path
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INK JET PRINT_ﬁQﬁD AND A METHOD OF MANUFACTURING THE SAME

The present invention relates to an ink jet printer

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

use with an ink jet printer head.

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

Measure currently taken for the contradictory problem

is to reduce the thickness of the wall partitioning the

This is the replacement sheet
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fluoride liquid, so that the portions of the silicon dioxide film®6l
corresponding to the windows for the path holes 5, 6, and 7, and the

i ndentations 50 are etched away (Fig. 9(c)). Patterns 6la and 61b of the
silicon dioxide formed on the obverseyand the reverse side of the
substrate are sonewhat different in size fromeach other so that the
pattern 6la on

adjacent pressure generating chambers, and to enlarge the
pressure generating chambers in the longitudinal direction.

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

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

To cope with this problem, there are some proposals as
disclosed USP No. 4312008 and Examined Japanese Patent
Publication No. Sho. 58-40509. 1In the proposals, a silicon
single-crystal substrate vertically oriented in (110) is cut
out so as to have the thickness suitable for the spacer. Path
holes shaped for pressure generating chambers 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 head caused by deformation of
the piezoelectric vibrating elements is minimized. The walls

undergoing etching are substantially vertical to the surface of

This is the replacement sheet
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ThisShedd enk acgg)vers the pattern 61b on the reverse side
I n \ Foll ow ng the step of form ng the \

pa ructure is eteched.in an aqueous solu r%

hy '

roxi de of approximately 17 %in den§ity, kept at

the spacer. Because of this, the pressure generating chambers

can be,uhiformly formed.

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

elements and the heat generating means.

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

The invention provides an ink jet printer head in which a
spacer for setting a cover member and the nozzle plate with
nozzle openings at a fixed distance apart and having pressure

generating chambers, reservoirs, and ink supply paths
connecting them, is formed of the silicon single-crystal
substrate.
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a fiixed tenperature, for exanple, 80[err]C In the etching process,
only the portions of the. silicon dioxide film corresponding to the w ndows

63 and 64 are etched away at the rate of 2 [err]mm r'T];I-lll$\”§HEE @?bsﬁ?g@ ns

6la and 61b of the silicon dioxide fi I‘{n as protectingd rrﬁ hse,
the etching progresses fromboth sides”of the substraie at QW- | e of

According to a first aspect of the present invention, an ink
jet printer head is provided using a spacer formed of a silicon
.single-crystal substrate, so that smooth flow paths from the
ink supply paths (tending to serve as narrow paths) to the
pressure generating chambers may be formed ensuring smooth
supply of ink to the presslure 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 preferably
approximately 200 um thick to easily be handled.

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

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

Acéording to a specific aépect, ' there is provided an ink
jet printer head having a nozzle plate having an array of
nozzle openings, a spacer .including path holes for forming
pressure generating chambers, ink supply paths, and reservoirs,
a vibrator plate receiving vibrations of piezoelectric
vibrating elements, and the piezoelectric vibrating elements

' longitudinally vibrating in accordance with print data. In the
ink jet printer head, the spacer includes a silicon single-
crystal substrate vertically oriented in (110) that is

preferably’. :
processed by anisotropic etching process such that one of the

walls defining a path hole forming a pressure generating
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approximately 35[err] to the surface of the substrate, viz., in the
direction vertical to the crystallographic axis (111). As

descri bed above, ‘the patterns 6la and 61b forned on the obverse the and
reverse side of the silicon singl e-crysgal substrate 60 are formed so that
the pattern 6la covers the

chamber is continuous to one:0f the walls defining a path hole

forming an ink supply path. .
normally
The ink supply paths where,ink tends to stay and the
pressure generating chambers are formed in a plane, thereby
ensuring a smooth flow of ink, and preventing stay of ink
bubbles.

According +c a prafened aspecT, there is provided an ink
jet printer head having a spacer, pressure generating means
formed by two cover plates _ sandwiching the spacer
therebetween, ink supply paths connecting the nozzle openings
and the reservoirs being provided in connection with the

whevrein
pressure generating chambers, the pressure generating chambers
are _ provided with pressure generating sources. In the ink
jet printer head, the spacer is a silicon single-crystal
preberably
substrate vertically oriented in (110) that is,processed by
anisotropic etching process such that the pressure generating
chamber is formed by a path'hole with a bridge means.
can

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

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

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

a pressure that is applied to ink for ink discharge.

This is the replacement sheet
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pattern 61b. At the tine of conpleting the etching process, a

20

With the deformation of the walls of the pressu.re
generating chambers at the time of shooting forth ink, a
compliance large enough to shoot forth ink is secured.

A_cccrdmj oea %Mvgqi-h:here is provided a method of processing
a silicon single-crystal substrate in use with an ink jet
printer head in which patterns of anisotropic etching

adventn gecusly

protecting patternsamade of silicon dioxide, coincident in
configuration with patterns for forming path holes, are formed
pre(‘f.rc.b\g
in a mirror image fashion, on the obverse and the reverse side
of a silicon single-crystal substrate vertically oriented in
(110):?£:£:ng a fixed thickness, and the silicon single-crystal
substrate with the patterns formed thereon is processed from
the obverse and the reverse sider thereof by anisotropic
etching process, thereby forming the path holes; etching
protecting patterns defining a narrow, second pattern connected
to a relatively large, first pattern, which are located in
regions where the first pattern and the second pattern are to
be formed, are aligned with each other, and a blade-like
etching protecting pattern is formed in parallel with «
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-crystal substrate.

This is the replacement sheet



path hole 65 is formed which corresponds in size to the patterns le
defining the larger wi ndow (Fig. 9(d)). Even if a slight msalignnent of
the patterns on the obverse and the reverse side of the substrate is
caused, the etching size can be contro%led t hrough by adjusting the

positions of the

'

Fig. 1 is an exploded vies showing an ink jet printer
head according to an embodiment of the present invention;

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

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

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

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

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

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

Fig. 8 is an enlarged view showing the confiquration of

a path hole forming the pressure generating chamber;

This is .the replacement sheet
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patterns defining the | arger window since at |east the edges of the

patterns | ocated outside are the etching surfaces. Let us consi der
a case where patterns 70 and 71 of the same size are fornmed on the obverse
and the reverse side of a substrate 72, as shown in Fig. 10. In this

case, if these patterns are not aIigne@ wi th each other, walls 72a and 72b
are . -

Figs. 9 (a) to (e) are diagrams showing a sequence of
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
patterns formed on the obverse and the reverse side of the
silicon single-crystal substrate, which are used for etching
the surface of the substrate vertically oriented iﬁ (110) by
anisotropic etching process;

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

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

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

Figs. l4a and 14b are diagrams showing another pattern
for the anisotropic etching, the illustration showing a state
of etching immediately before the etching ends;

Fig. 15 is an enlarged, plan view showing another

etching pattern containing reservoirs in such a structure for

This is the replacement sheet
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formed in line with the boundaries of the patterns 70a and 7la | ocated
outside a path hole 73 to be forned within the patterns oppositely forned
on the obverse and the reverse side of the substrate. The size of the path
hole 73 fornmed by this etching process.is different fromthat of a path

hol e defined by the ?

supplying ink from one reservoir to two series of pressure
generating chambers;

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

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

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

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

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

Fig. 21 is a view showing a further path hole forming
the pressure generating chamber;

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

Fig. 22b is a plan view showing a positional

: relationship of the nozzle openings, islands, and piezoelectric
vibrating elements when the nozzle plate, the vibrator plate,
and the piezoelectric vibrating elements are mounted on the
spacer;

Fig. 23 is a view showing an additional path hole

forming the pressure generating chamber;
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patterns 70 and 71. As a result, it is inpossible to control the size of .
the path holes and the positions of the etching faces. , G
path hole 65 is fornmed, the silicon dioxide filnms 6la anl TH SHERY

mask are renoved by using hydrogen fIEBride. Thereafter, {the SRERIAC
thermal |y oxidized to

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 silicon
single-crystal substrate to form the path holes;

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

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

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

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

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

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

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

view showing an exemplar spacer;
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forma silicon dioxide film66 of a thickness of 1 [err]m for exanple,
(this figure indicates a filmthickness satisfactory for the protecting
film over the entire exposed surface thereof. This

THIS SHEET HAS BEEN

11 REPLACED

Fig. 35 1is a diagram schematically showing the
structure including a pressure generating chamber, <the
illustration showing deformation of the chamber partitioning
walls when a pressure is applied to the chamber;

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

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

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

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

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

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

Fig. 42 is an enlarged, perspective view showing a key
portion of an ink jet printer head éccording to an additional
embodiment of the present invention;

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

manufacturing the spaceg/according to the present invention;
o3 the il jet printer head
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21 silicon dioxide film®66 is used as a protecting film against ink
(Fig. 9(e)). During the course of the anisotropic etching process
of

12 REPLACED
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il

Fig. 44 is an enlarged, perspective view showing a key
portion of an ink jet printer head according to a further
embodiment of the present invention; and

| Fig. 45 is an enlarged, perspective view showing a key
portion of an ink jet printer head according to another

embodiment of the present invention.

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

A spacer 4 is sandwiched between a vibrator plate 10
serving as a first cover plate (to be given 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 holes 5, 6, 7, and
8 for forming fluid paths for distributing ink from an ink tank
to the reservoirs.

A vibrator plate 10 cooperates with the spacer 4 and
the nozzle plate 1 to form the pressure generating chambers.
As Shown 1n Fig. 3, @each

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

top of a piezoelectric vibrating element 30 contained in a

piezoelectric vibrator unit 21, has such a rigidity as to
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the silicon single-crystal substrate vertically oriented in (110) till an
intended pattern is formed, the etching progresses at an angle of
approximately 35[err] to the face vertically oriented in (110), viz.,
along the face vertically oriented inlglll) as shown in Fig. 11. In order

to actively
transmit a displacement of the piezoelectric vibrating element
30 to the possibly largest area. The thin portion 12 is formed
in the peripheral area of the island 11. With such a
construction, the pressure generating chamber can efficiently
be expanded and compressed in accordance with stretching
motions of the piezoelectric vibrating element 30.

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

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

= Each piezoelectric vibrating element 30, as shown in
Fig. 4(b), is constructed such that piezoelectric vibrating
members 32; drive electrodes 33, and common electrodes 34 are
alternately layered. The rear ends of the drive electrodes 33,
exposed to outside, are connected in parallel by an external
o drive electrode 35, which is formed by vapor deposition
process, for example. The common electrodes 34 are extended to
the free end of the piezoelectric vibrating element 30 and
connected in parallel by an external common electrode 36

extended to the sides of the piezoelectric vibrating element.
The outer major surfaces of the external drive

electrodes 35 of the piezoelectric vibrating elements 30 are
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use this
the path

nature, as shown in Fig. 12(a), an approximately 1/2 region of
hole 5 for the pressure generating chanber where it faces the

nozzl e opening is formed such that a boundary 80a of an etching pattern 80
the wall of the path hole isgggviated toward the wall 5a thereof.

defining
A bl ade- |
wal |

i ke pattern 81, extended to tite path hole 5, is formed on the

substantially flush with the fixing board 31. The exterﬁal
common electrodes 36 of the piezoelectric vibrating elements 30
are electrically and physically coupled with electrodes 40
formed on the bottom end faces of dummy vibrating elements 39,
which are Jlocated on both sides of the array of the
piezoelectric vibrating elements 30, by means of a conductive
member 38. The electrodes 40, 1like the external drive
electrode 35, are formed on the bottom end faces of the dummy
vibrating elements 39, and are to be coupled with a connection
circuit board.

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

In the construction of the record head shown in Fig. 1,

the path holes 5 of the spacer, as shown in Fig. 6, are closed
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7b of the path hole 7 for the ink supply path. The wall 7b of the path
hole 7 is opposed to the wall 7a thereof, whichis in line with the wall
5a of the path hole 5. Further, blade-like patterns 82 and 83 are forned
on the inner sides of the path hole Glgor the reservoir in a state that
t hese patterns extend '
by the nozzle plate 1 and. the vibrator plate 10, thereby
forming 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 thé form of ink droplets through the nozzle opening 2.

Figs. 7(a) and 7(b) are enlarged, plan vie&s showing
the path holes 5, which form the pressure generating chambers,
and their related portions of the spacer 4 in the ink jet
printer head. Path holes 5 to serve as pressure generating
chambers 48, path holes 6 to serve as reservoirs, and path
holes 7 to serve as ink supply ports are formed in a silicon
single-crystal substrate vertically oriented in (110). The
silicon single-crystal substrate has the thickness necessary
for the spacer, e.g., 220 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 adhesive, indentations 50 for receiving

adhesive are formed around those path holes by anisotropic
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inline wwth the walls 7a and 7b of the ink supply path 7, respectively.
During the anisotropic etching process that is carried out using the
etching patterns thus forned, in the stage of formng the path hole 5, the
et ching progresses on the edge 80b oflEpe etching pattern 80 at a given
angle to the wall 5b of

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

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

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

Fig. 8 illustrates a path hole forming a pressure
generating chamber 48 and a path hole forming an ink supply
path, and angles of the walls of these path holes. The path
hole 5 forming the pressufe generating chamber 48 includes
seven walls 5a to 5g. The walls 5b, 5f, 5g, and 5a around the
nozzle opening 2 are jointed at angles 63, 84, and 65. The
angles 083, 64, and 65 are obtuse angles of approximately 152°,
100°, and 110°, respectively. The walls S5c, 5d, and 5e of the
path hole 5, located adjoining to the path hole 7 to serve as
the ink supply path, are arranged so as to gradually enlarge a
junction area where the ink supply path opens to the pressure
generatiné chamber.

/
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the path hol e because the etching pattern 80 includes the edge
22

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

To assemble, adhesive is applied to the spacer 4 thus
structured, and sandwiched by the nozzle plate 1 and the
vibrator plate 10 after these are accurately positioned to one
another, and the assembly' of those components 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 volumes of them, will never occur. In the
resultant structure produced after completion of the bonding

Process, each nozzle opening 2 of the nozzle plate 1 is located
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80b. The etching progresses to reach the region facing the nozzle
openi ng, so that the nozzle opening 2, and the walls 5a, 5b, 5f, and 5g
facing the nozzl e opening, which are arrayed at obtuse angles, are forned.
At the junction part between the ink igpply path and the pressure
generating chanmber and anot her
near at the end of a center line of the path hole 5 to serve as
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 chambexr.
In Figs. 9 (a) to (e) show a sequence of steps for
wheren
manufacturing the spacer 4, a silicon single-crystal substrate
60 of the crystallographic axis (110), 220 pm thick (enough to
satisfy the thickness required for the spacer), for example, is
prepared. A silicon dioxide film 61 whidits 3 um thick, for
example, is formed on the surface of the silicon single-crystal
substrate 60 by thermal oxidation process. The “Yhickness
of  um is sufficient for the film 61 functioning as a

protecting film against an anisotropic etching liquid (Fig.

I(a)).

’

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

substrate includes windows 63 and 64 corresponding to the path
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junction part between the ink supply path and the reservoir, the etching

I s stopped when these junction parts are expanded to such an extent as to
prevent ink fromstaying the inlet and outlet of the ink supply path as a
narrow path for ink flow Wth this, qlgluid resi stance proper for the ink

supply path is

holes 5, 6, and 7, and if neressary, the indentations 50 (Fig.
9(b))..

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

Following the step of forming the silicon dioxide
patterns, the structure is etched in an aqueous solution of
potassium hydroxide of approximately 17 % in density,lkept at
a fixed temperature, for example, 80°C. In the eféhing
process, only. the portions of the silicon dioxide film
corresponding to the windows 63 and 64 are etched away at the
rate of 2 uym/min., with the patterns 6la and 61b of the silicon
dioxide film as protecting films. 1In this case, the etching
progresses from both sides 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 on
the obverse the and reverse side of the silicon single-crystal
substrate 60 are formed so that the pattern 6la covers the

pattern 61b. At the time of completing the etching process, a
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secur ed. 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 fromthe walls, are first etched (Fig. 12(b)). Accordingly, in
the final etching stage, viz., an etcgbng stage where a through-hole is

formed t hrough the

path hole 65 is formed which corresponds in size to the
patterns 61b defining the larger window (Fig. 9(d)). Even if
a slight misalignment of the patterns on the obverse and the
reverse side of the substrate is caused, the etching size can
be controlled through by adjusting the positions of the
patterns defining the larger window since at least the edges of
the patterns located outside are the etching surfaces.

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

After.the path hole 65 is formed, the silicon dioxide
films 6la and 61b used as a mask are removed by using hydrogen
fluoride. Thereafter, the structure is thermally oxidized to

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

protecting film) over the entire exposed surface thereof. This
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etching fromboth sides and intended patterns are fornmed, walls 5d and 5e,
slanted at the angle [err]1 - 30[err] to the walls 5¢c and 7b, are forned
in the region or the junction part of the path hole 7 where it opens to

t he pressure generating chanber. FuanFr, wal s 6b and 6¢, slanted at the
angle [err]2 - 70 to the “

silicon dioxide film 66 is nsed as a protecting film against
ink (Fig. 9(é)).

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
progresses at an angle of approximately 35° to the face
vertically oriented in (110), viz., along the face vertically
orien£ed in (111) as shown in Fig. 11. In order to actively
use this nature, as shown in Fig. 12(a), an approxiﬁately 1/2
region of the path hole 5 for the pressure generating 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. The wall 7b of
the path hole 7 is opposed to the wall 7a thereof, which is in
line with the wall S5a of the path hole 5. Further, blade-like
patterns 82 and 83 ére formed on the inner sides of the path
hole 6 for the reservoir in a state that these patterns extend

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

During the anisotropic etching process that is carried
out using the etching patterns thus formed, in the stage of
fﬁrming 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 hole because the etching pattern 80 includes the edge
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wal ls 6a and 7a, are forned in the junction part of the path hole 7 where
It opens to the reservoir as showmn in Fig. 8 As aresult, the inlet and
the outlet of the ink supply path are expanded in dianmeter. Wth this

expanded openi ngs, ink snoothly flowsziznto t he

80b. The etching progresses to reach the region facing fhe
nozzle opening, so that the nozzle opening 2, and the walls 5a,
Sb, 5f£, and 5g facing the nozzle opening, which are arrayed at
obtuse angles, are formed. At the junction part between the
ink supply path and the pressure generating chamber and another
junction part between the ink supply path and the reservoir,
the etching is stopped when these junction parts are expanded
to suéh an extent as to prevent ink from staying the ;nlet and
outlet of the ink supply path as a narrow path for ink flow.
With this, a fluid resistance proper for the ink supply path is
secured.

In the stage of etching the path hole 7 for the ink
supply path, the blade-like patterns 81, 82, and 83, the ends
of which are extended from the walls, are first etched (Fig.
12(b)). Accordingly, in’the final etching stage, viz., an

~etching stage where a through-hole is formed through the
etching from both sides and intended patterns are formed, walls
5d and 5e, slanted at the angle 81 « 30° to the walls 5c and
7b, are formed in the region or the junction part of the path
hole 7 where it opens to the pressure generating chamber.
Further, walls 6b and 6c, slanted at the angle 82 < 70° to the
walls 6a and 7a, are formed in the junction part of the path
as shewn w Fig, §,
hole 7 where it opens to the reservoir, As a result, the inlet
and the outlet of the ink supply path are expanded in diameter.

With this expanded openings, ink smoothly flows into the
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23 pressure generating chanber, fromthe reservoir, without generating
bubbl es of i nk.

23

pressure generating chamber, from the reservoir, without
generating bubbles of ink.

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 th;s structure, the nozzles of the series of the pressure
generating chambers afe slightly dislocated from one another.
Therefore, blade-like patterns 82, 83, 82’, and 83', which are
extended from the path holes 7 and 7’ to serve as ink supply
paths to the pressure generating chambers, little lap.

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

In this pattern, the junction part of the ink supply

0 path 7 and the path hole 6 for the reservoir is blocked by the
narrow continuous pattern B85. Therefore, an unnecessary
progression of the etching can be stopped by only one blade-
like pattern 86.

In a case where ink is supplied from one reservoir to
two series of the pressure generating chambers as in Fig. 13,

the object can be achieved by forming narrow continuous
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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 structurg, the nozzles of the series of the
pressure generating chanbers are slig%%ly di sl ocated from one anot her.

patterns 85 and 85’ near to. the ends of the path holes 7 énd
7' for the ink supply paths and forming blade-like patterns 86
and 86’ extending from the narrow continuous patterns .in
alignment with the path holes 7 and 7', as shown in Fig. 15.
Therefore, if these are displaced from the nozzle 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 S5f is incurved in shape, as shown in Fig. 16. As a
result, an additional wall 5h is grown, which is slanted at an
angle 68 = 152° to the wall 5b defining the pressure generating
chamber 48, as shown in Fig. 17. An angle 67 is approximately
125°, An angle 66 of the wall 5f1 (wall 5f2) to the surface of
the spacer 4 is approximately 35°.

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

- walls are formed around the nozzle opening 2. These walls are
five walls 5a, 5g, 5f£, 5h, and 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 66 as viewed in the
cross sectional direction of the silicon single-crystal

substrate. With this structure, a more smoothly flow of ink is
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Therefore, blade-like patterns 82, 83, 82', and 83', which are extended
fromthe path holes 7 and 7' to serve as ink supply paths to the pressure
generating chanbers, little |ap. Figs. 1l4a and 14b are di agrans
show ng another pattern for the aniso&gopic etching. In this pattern, a
junction part

secured in the vicinity of the nozzle opening 2. Accordingly,
stay of bubbles never happens.

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 éhe longitudinal walls 90a and 90b defining the pressure
generating chamber, and the path hole 92 is located
substantially in alignment with the center line of the pressure
generating chamber (Fig. 18). With this structure, ink is
supplied from the reservoir to the pressure generating chamber
by way of an outlet of the ink supply path, which is defined by
the walls 90c and 90d outwardly expanded from the locations
near to the center of the end of the chamber toward the
pressure generating chamber, and walls 90e and 90f secondarily
formed along the crystal axis during the etching process. Ink
flows from the reservoir to the pressure generating chamber
more smoothly, without any stay of ink bubbles.

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 step
disappears. As a result, as shown in Figs. 19 and 20, six
walls 5a, 5g, S5f‘, 5f1’, 5f£2', and 5b, which are arranged at

obtuse angles in plan and standing up at a right angle to the
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of the path hole 7 to serve as an ink supply path and the path hole 6 to

serve as a reservoir is forned as a narrow continuous pattern 85. A
single blade-like pattern 86 is extended in the axial direction of the
path hole 7 to serve as the ink suppl¥6path. In this pattern, the

junction part of the ink supply

surface of the silicon single-crystal substrate, are forﬁed
around the nozzle opening 2. Ink émoothly flows in the
vicinity of the nozzle opening 2, and ink bubbles never stay
there.

As in the previous case, a path hole 92 for an ink
supply path, which connects a path hole 90 for a pressure
generating chamber to a path hole 91 for a reservoir, may be
formea such that walls 90c and 90d are formed which are
obliquely extended from the longitudinal walls Qda and 90b
defining the pressure generating chamber, and the path hole 92
is located substantially in alignment with the center line of
the pressure generating chamber (Fig. 21). With this
structure, ink is supplied from the reservoir to the pressure
generating chamber by way of an outlet of the ink supply path,
which is defined by the walls 90c and 90d outwardly expanded
from the locations near to the center of the end of the chamber
toward the pressure generating chamber, and walls 90e and 90f
secondarily formed along the crystal axis during the etching
process. Ink flows from the reservoir to the pressure
generating chamber more smoothly, without any stay of ink

bubbles.

The above-mentioned spacer has such a structure that

+he path woles 7 Yor
the path holes 5 for the pressure generating chambers, the ink
supply paths and the path holes 6 for the reservoirs are

formed in the thin silicon single-crystal substrate of

approximately 220 um thick. In this structure, the substrate

~—ant
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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 blade- |ike pattern 86. In a
case where ink is supplied from one rqurvoir to

is segmented at locations near the path holes for the pressure
generating chambers. Accordingly, the upper side of the
substrate is easily slid against the lower side thereof and
vice versa. With this structure, when the spacer is inserted
between the nozzle plate 1 and the vibrator plate 10, and those
members are bonded together, those path holes 5 and 7 are
frequently deformed. In other words, the walls defining thé
pressure generating chambers are extended in a cantilever
fashion. When the spacef is bonded to other relatea members,
the walls are easily bent. If the walls are bent, the path
holes 7 for the ink supply paths are deformed.

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

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

vertically oriented in (110), the thickness of which is
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two series of the pressure generating chanbers as in Fig. 13, the object
can be achieved by form ng narrow continuous

28

sufficient for the spacer,, e.g., 220 pm. A bridge 95 is
obliquely formed across the path hole 5 at a location closer to
the path hole 7.

) The bridge 95 formed across the path hole is slanted at
angles 89 = 126° and 810 = 55° to the walls of the path hole 5,
which define the pressure generating chamber. The cross
sectional structure of the bridge 95 is shown in Fig. 24. As
showﬂ, it is a triangle of which the bottom 95c¢ lie; 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 generating 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 612 (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 is selected to be such a value as not to impede the
flow of ink and as to secure a satisfactory strength of the
bridge. The height of the bridge is preferably 25 % of the

thickness t of the spacer.

Figs. 25 and 26 are views showing etching patterns

suitable for forming the pressure generating chambers with the
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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 and 86" extending
fromthe narrow continuous patterns in alignnment with the path holes 7 and
7', as shown in Fig. 15. 29

bridges 95. An etching protecting pattern 96 defining the
bottom 95c of the bridge 95 is formed in a location (facing the
nozzle opening of the path hole 5) on the etching pattern 80
defining the whole pressure generating chamber. 1In the portion
to serve as a slanting side thereof facing the vibrator plate
10, patterns 99 and 100, which are relatively narrow when
compared with the etching protecting pattern 96, are formed in
the locations near to the center line of the etching pattern
96. These narrow patterns 99 and 100 are not aligned with each
other.

An etching protecting pattern 97a, shaped like a blade,
is extended on one of the boundaries of the etching protecting
pattern 96 in parallel with the wall 5a of the path hole 5 for
the pressure generating chamber. An etching protecting pattern
38a, shaped like a blade, is extended from the wall 5c of the
path hole 5 toward the path hole 5. The wali 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 toc the narrow etching

protecting patterns 97a and 98a.
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Therefore, if these are displaced fromthe nozzle positions of the nozzle
series, the blade-like patterns 86 and 86' nmay be laid out in a plane
wi t hout | appi ng them In the above-nentioned enbodi ment, the
etching process is stopped when the v%l 5f conmes in contact with the wall

50.

The silicon single-crystal substrate verticaily
oriented in (110) with the etching protecting patterns thus
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)). In a stage where the etching, which starts from the
obvefse and the reverse side of the substrate, progresses into
the substrate, viz., the etching depth reaches abou£ the half
of the thickness of the substrate (Fig. 27(b)), the edge 80b of
the etching pattern 80 grows in the direction substantially
vertical to the (110) face of the silicon single-crystal
substrate (Fig. 27(c)). |

Thus, the etching vertically progresses up to the end

- of the etching protecting pattern 96 on the nozzle plate side.
In other words, the etching progresses so that the surface of
the substrate is left at the angle of about 35°, and progresses
till it intersects the etching patterns 399 and 100 on the
vibrator plate side (Figs. 27(d) and 28{(a)). In Fig. 28, each
arrow indicates an inclination of the 1left 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 substantially vertical to the obverse and the reverse

side of the silicon single-crystal substrate so as to shorten
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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 [g/r]8 = 152[err] to the wall 5b
defining the pressure generating chanber 48, as shown in Fig. 17. An angle
07 is approxi matel y
the regions. With these patterns, the etching reaches the
boundary of the etching protecting pattern B96. Then, the
etching progresses so that the surface slanted at the angle of
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;on, the
etching advances toward the walls 5a and 5b, while tﬁe etching
advances in the same direction as that of the etching
protecting patterns 97a, 97b, 98a, and 98b (Fig. 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. Aceordingly, an edge
part where the (111) faces lintersect is formed, thereby
preventing the formation of a vertical wall.

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

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

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

about 35°, intersect when viewed in cross section.
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125. An angle [err]6 of the wall 5f1 (wall 5f2) to the surface of the

spacer 4 is approximately 35. As the result of the etching -

process, a total -of seven walls are forned around the nozﬁ S)rggggpgmg BEEN
at

These walls are five walls 5a, 5g, 5f325h, and 5b arrange OHEMﬁﬁED

angles in

If the etching process is further continued, the ridge
of the bridge is etched to be flat. However, the etching
process is stopped when the regions around the nozzle opening
and the ink sﬁpply path are shaped as intended. Accordingly,
the etching protecting patterns 96, 99, and 100 are determined
by the timing of the stop of the etching process.

In the above instance, the bridge 95 is formed across
the péth hole 5 to be the pressure generating chamber 48. If
required, it may be formed across the path hole 7 to ge the ink
supply path, as shown in Fig. 29. As shown, a bridge 10%
triangular in cross section is formed across the path hole 7;
A method similar to that used for forming the bridge 95 may be
used for forming the bridge 102.

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

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

()

Because of this structure, the width size of the path hole 5
and the path hole 7 can be maintained throughout the assembling
stage.

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

includes a plural number of the path holes 5 for the pressure
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pl an and

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

standing up at a right angle to the surface of the sil]

5f at the angle {err]6 as viewed in the cross sectibnggls aﬁi

silicon s
flow of i

ingle-crystal substrate. Wt3t§ this structune,
nk is

generating chambers 48. The peripheral area 4b includes a
plural number of the path holes 6 for the reservoirs in
association with the path holes 5. 1In each of these large
spaces, the major surfaces of the large space, or the upper or
the lower sides, which define the large space, are supported in
a cantilever fashion. Therefore, a boundary region between the
main area 4a and the peripheral area 4b is mechanically
fragiie.

To cope with this, the present embodiment uses
reinforcing means for reinforcing this fragile region. The
reinforcing means is realized in the form of a partition wall
105 formed between the main area 4a and the peripheral area 4b
in the vicinity of the ink supply path 104, which receives ink
from an external ink tank (Fig. 30(a). The partition wall 105
is slanted at an angle 6 (70.5°) with respect to the vertical
line in the drawing. The partition wall 105 may be formed in
a previous manner.

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

the partition wall 105 as seen from a graph of Fig. 31 showing
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25 secured in the vicinity of the nozzle opening 2. Accordingly,

34

a curve representative of defective-discharge occurrence réte
vs. the width of the partition wall.

As seen from Fig. 31, the defective-discharge
occurrence rate abruptly increases when the width W of the
partition wall 105 exceeds 80 um. For the spacer of 180 to 200
um, if the width W of the partition wall 105 is selected to be
approximately 20 um, a satisfactory mechanical strength of the
bound;ry region of the spacer can be secured and the defective-
discharge problem can be solved. |

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

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

selected to preferably be 20 to 80 um, as seen from Fig. 31.
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stay of bubbl es never happens. As in the enbodi ment where the four
walls are formed around the nozzle opening 2, a path hoIe 92 for—aT i nk
supply path, which connects a path hole 90 for a pr-es
chanber to a path hole 91 for a reservgir, nay be fariy
90c and 90d are fornmed which are obli q:ﬁéel y extended

The length L1 of the partition wall 105b where it is connected
to the vibrator plate 10 is preferably the thickness of the
spacer 4 or larger.

) More than three partition walls may be formed in
consideration of the defective-discharge problem, and others.

An' ink jet printer head according to a second
embodiment of the present invention will be described with
refer;nce to Figs. 32 and 33. As shown, in the ink jet printer
head, pressure generating chambers 48 are partitioned by uniqgue

. chamber partitioning means. The chamber partitioning means
consists of a narrow space 110 defined by a couple of very thin
partition walls 111 and 112.

A spacer used for the ink jet printer head is
illustrated in Figs. 34a and 34b. As shown, the narrow spaces
110 partitioning the pressure generating chambers 48 take  the
form of slits 114. Each slit 114 is extended from the ink
supply path 7 to a location beyond the nozzle opening 2. 1In
the embodiment, the partition'walls 111 and 112 of the chamber
partitioning means are 15 un:rm;%e partition walls 111 and 112
have such a thickness as to allow these walls to be resiliently
deformable when the walls receive a pressure caused when a
pressure is applied to ink for ink discharge. A slanted bridge
95, +triangular in cross section, traverses each pressure
generating chamber 48 in a state that it connects the partition
walls 111 and 112 of the adjacent chamber partitioning means,

as shown. The bridge 95 is located at the central part of each
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fromthe longitudinal walls 90a and 90b defining the pressur ' ti
chanber, ]
the center line of the pressure generating chanber

and the path hole 92 is | ocated substanti

structure, ink is supplied fron1the3geserv0|r to the pr genera
chanber

IThis Sheet Has Been

T

pressure generating chamber .48 when viewed in the longitudiﬁal
direction of the chamber.

The bridge 95 is located on the side of the spacer {4,
closer to the nozzle plate 1, and spaced from the vibrator
plate 10,a fixed distance. Provision of the bridge 95 is not
obstructive in the flow of ink within the pressure generating
chamber 48. The thickhess of the bridge 95 is.selected to such
an e#tent as to prevent the partition walls 111 and 112 from
falling toward the narrow space 110 or the pressure generating
chamber 48. In this embodiment, the height from the base of
the triangle (of the cross section of the bridge 95) to the
vertex is approximately 70 um.

In the ink jet printer head thus constructed, the
piezoelectric vibrating elements 30, which vibrate in a
longitudinal vibration mode, are fastened at the first ends of
the pressure generating chambers 48 and attached at the second
ends thereof to the islands 11 of the vibrator plate 10. Drive
signals based on print data are applied to the print head. 1In
response to the drive signals, the piezoelectric vibrating
elements 30 longitudinally expand to compress the pressure
generating chambers 48 to cause pressure in the chambers.

The pressure generated expands the pressure generating
chamber 48, thereby bending the partition walls 111 and 112
toward the narrow spaces 110 and the vibrator plate 10 outward,

and causing ink to shoot forth through the nozzle opening 2.
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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 chanmber toward the pressure generating o ,
90e and 90f secondarily formed al ong %@e crystal axis du ! HﬁE
process. Ink flows fromthe reservoir “to the pressure generaﬁﬁﬁ@héﬁanber

The narrow spaces :110 of the chamber partitioning

means, which partition 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 pressure genefating chambers 48. Provision of the
narrow spaces 110 effectively prevents the cross talk.

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

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

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

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

above by etching a silicon single-crystal substrate of the
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nore snmoot hly, w thout any stay of ink bubbles. After the wall

is formed,

et chi ng
cl oser
step

to the wall 5b grows, so that g&e wal | 5g for

Then, the
16 grghcaf Re"Ral

'@EPUNE evi,

the etching process is further continued.
of the wall 5f selectively progresses.

crystallographic axis (110) ,by an anisotropic etching methéd.
Fig. 37a shows an etching pattern on the side of the silicon
single-crystal substrate on which the bridge 95 is formed, and
Fig. 37b shows an etching pattern on the side thereof on which
a space is provided above the bridge 95 so as to secure the
free flow of ink in the pressure generating chamber 48. 1In
Figs. 37a and 37b, the hatched areas indicate etching
protécting films.

In Fig. 37a, reference numerals 120a and 1205 indicate
windows for defining etching areas to secure spaces for the
pressure generating chambers 48 on one side of the silicon
single-crystal substrate. In Fig. 37b, reference numerals 120c
and 120d also indicate windows for defining etching areas to
secure séaces for the pressure generating chambers 48 on the
other side of the silicon single-crystal substrate. A
protecting film 12la for protecting an area corresponding to
the bridge 95 against the etching is formed between the windows
120a and 120b. A small protecting film 121b for resisting the
etching to a certain degree is formed in the etching pattern on
the other side of the silicon single-crystal substrate.

Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-
crystal substrate (Fig. 37a). The narrow windows 122a and 122b
ranges between the windows 120a and 120b for forming the slits

114 each defined by the partition walls 111 and 112.
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di sappears. As a result, as shown in Figs. 19 and 20, six walls 5a, 5g¢,
5f', 5f1', 5f2', and 5b, which are arranged at obtuse angles in pla d

standing up at a right angle to the

39

Windows 123a and 123b for the path holes 6 of the
reservoirs are formed closer to the ink supply paths to 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 124D,
respectively. These narrow windows 124a and 124b are for
etching the path holes 7 for the ink supply paths. Etching
proteéting patterns 125 are used for checking the progress of
an excessive etching into relatively narrow spaces; which is
caused by the edging effect in the anisotropic etching process.

Of those windows 120a to 120d for the pressure
generating chambers, the windows 120a and 120b on one side of
the silicon single-crystal substrate (Fig. 37a) are larger than
the windows 120c and 120d on the other side (Fig. 37b) or vice
versa. The same thing is correspondingly applied to the
windows 124a and 124b.

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

pPrinting the etching patterns.
An anisotropic etching process will be described.

A silicon single~crystal substrate 130 of the
crystallographic axis (110), 220 um thick (enough to satisfy

the thickness required for the spacer), for example, is
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26 surface of the silicon single-crystal substrate, are forned around
the nozzl e opening 2. Ink smoothly flows in the vicinity of
opening 2, and ink bubbl es never stay THIS guEEl y
REPLACED

g
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prepared. A silicon dioxide film 131 of 1 um thick, for
example, is formed on the entire surface of the silicon single-
crystal substrate 130 by thermal oxidation process. The 1 um
thick of the f£film 131 is sufficient for the film 131
functioning as a protecting f£ilm against an anisotropic etching
liquid (Fig. 38(a)).

Photo-setting photosensitive layers are formed on the
silican dioxide film 131 on the obverse and the reverse side of
the silicon single-crystal substrate 130. After thé patterns
(Fig. 37a) are positioned on one side of the substrate and the
patterns (Fig. 37c) are positioned on the other side thereof,
then the structure is exposed to 1light. Thereafter, the
structure is immersed into photolithography liquid. The
exposed areas, i.e., the areas in which path holes are to be
formed, on the substrate are dissolved to form the windows 133
and 134 since those areas are not hardened (Fig. 38(b)).

In this state, the structure is etched using hydrogen
fluoride 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. 38(c)).

The structure is etched in an aqueous solution of
potassium hydroxide of approximately 17 % in density, kept at
a fixed temperature, for example, B80°C. In the etching
process, only the portions of the silicon dioxide film
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t here.

As in the previous case, a path hole 92 for an ink supply

path, which connects a path hole 90 for a pressure generati grt?EFgngg Ei
i BEEN

path hole 91 for a reservoir, may be formed such that wall
are formed which are obliquely extende%lfron1the | ongi t udi hal waRERLAGER

and 90b

corresponding to the windows (133 and 134 are etched away at the
rate of 2 um/min., with the patterns 13la and 131b of the
silicon dioxide film as protecting films. 1In this case, the
etqhing progresses from both sides of the substrate at an angle
of approximately 35° to the surface of the substrate, viz., in
the direction vertical to the crystallographic axis (111).

The patterns 131la and 131b formed on the obverse and
the réverse side of the silicon single-crystal substrate 130
are sized such that one pattern covers the other patéer, viz.,
the boundary of the etching protecting pattern defining a
position of the wall is positioned at a location outside the
boundary of the etching protecting pattern that is located
against the former etching protecting pattern in a mirror image
fashion. Accordingly, at the completion of the etching
process, the wall of a formed path hole 135 is defined by the
pattern 131b of which the boundary is positioned outside (Fig.
38(d)).

For this reason, even if the alignment of the patterns
on the obverse and the reverse side of the substrate is not
exact, the etching is carried out while being defined by the
larger window 134.

When anisotropic etching process is carried out using
a pattern with only one window 136 (Fig. 38(e)), the etching
progresses along a specific crystal axis. As a result, the

etching progresses while being defined by the window 136,
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defining the pressure generating chanber, and the path hole 92 is |ocated
substantially in alignnment wwth the center line of the pressure

generating chanber (Fig. 21). Wth this structure, ink is supplie
fromthe reservoir to the pressure geQSrating chanber byTM@BYSIEETAHAD BEERT
of the ink supply path, REPLACED

thereby to form a concavity 138 trapezoidal in cross section.on
the window-formed side of the structure (Fig. 38(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. 39a.
As séen from the figure, the opening area of the slit that
faces the vibrator plate 10 is small. Thereforé, a large
contact area is secured between the spacer and the vibrator
plate 10 which receives force from the piezoelectric vibrating
members at the time of ink ekpelling. Further, mechanical
strength of the partition walls 111 and 112 is increased on the
side of the structure not having the bridges 95 and to be
fastened to the vibrator plate 10.

In the above-mentioned embodiment, the slit is long
enough to cover the full height of the pressure generating
chamber. However, the length of the slit may be adjusted in
accordance with a compliance required for the pressure
generating chamber. 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.. I1f required, as shown in Figs. 40a and 40b,

narrow windows 122a and 122b, and 122c and 1224 for forming the
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which is defined by the walls 90c and 90d outwardly expanded fromthe

| ocations near to the center of the end of the chanber toward the pressure
generating chanber, and walls 90e and 90f secondarily formed along the
crystal axis during the etching process. I nk  fl ows | THIQ®Yck -
reservoir to the pressure generatifd chanber nore $noot é;ﬁgﬁgh%%®lgny
stay of ink - erbAvE B

slits are formed on the patterns on both sides of the silicon
single-crystal substrate. The slits are formed by etching the
. silicon single-crystal substrate from both sides thereof using
the windows. 1In this case, the opening areas of the top and
the bottom end of each slit are equal to each other, as shown
in Fig. 39b.

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

In the above-mentioned embodiment, the partition walls
horizontally defining the préssure generating chamber are
uniform in thickness. However, the narrow spaces 110 may be
constructed deviated to one pressure generating chamber as
shown in Fig. 41. In this case, of the partition walls 111 and
112 horizontally defining the pressure generating chamber, the
paftition wall 111 takes the charge of the compliance.

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

stacked one on another, and the nozzle openings are formed in
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bubbl es.
path holes 5 for the pressure generating chanbers the path holes 7 for the

i nk
in

t he

The above-nenti oned spacer has such a structure that

t he

thin silicon singl e-crystal44subst rate of REPLACED

supply paths and the path holes 6 for the reservpigg T Hﬁé'[ﬁ:‘ém

the end faces of the pressure generating chambers (wﬁen
longitudinally viewed}).

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 type of the
spacer will be described.

Fig. 42 is an enlarged, perspective view showing a key
portiﬁn of an ink jet printer head according to a third
embodiment of the present invention. In Figqg. 42; a nozzle
plate with nozzle openings 2104 ,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 iﬁk flow paths
of pressure generating chambers 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 tempered
by a protecting film (not shown) in which impurity atoms are
added to silicon by thermally diffusing oxygen atoms, thereby
improving the resistance properties of the ink path against ink
and the affinity thereof with ink. The protecting film is not
essential to the present invention. When ink used is properly
selected or adjusted, there is no need of using the protecting

film.
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approximately 220 [err]mthick. In this structure, the substrate

27

45

The ink supply path 202 is triangular (shaped like V)
in cross section, and its volume is smaller than that of the
pressure generating chamber 201 contoured rectangularly. Flow
re;istance of the ink supply path 202 is larger than that of
the pressure generating chamber 201, thereby improving the
efficiency of forcibly discharging ink droplets. At the time
of ink expelling, the quantity of ink flowing into the nozzle
210 is increased, while at the same time the quantity 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 (111)
faces parallel to the crystal axes <211>. The space to be
the ink supply path 202 is defined by the (111) faces slanted
parallel to the <110> axis. The space for the ink supply
path 202 is located at the acutely angled corner of the
parallelogram of the pressure generating chamber 201, in order
to secure a smooth flow of ink and a smooth discharge of ink

bubbles.

A method of mandfacturing'the ink jet printer head thus
structured wilfrgi described.

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

A silicon single-crystal substrate 200 in which the

crystal face of the surface of the substrate is vertically

oriented in (110), is heated at 900 to 1100 °C , and placed in
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IS segnented at | ocations near the path holes for the pressure generating

chambers.

t he spacer is inserted between the ng%zle plate 1 and th
10, and those

Accordingly, the upper side of the substrate is easily slid
agai nst the | ower side thereof and vice versa. Wth this structure, whe

b ermmarsmname ¢

high temperature gas of oxidizing agent, such as oxygen br
agueous vapor, thereby diffusing oxygen atoms in the surface
region of the substrate. In this embodiment, through the
thgrmal oxidizing process, a film 230 made of silicon oxide,

1.7 um thick, was formed. The silicon dioxide £film 230 is

used as a mask in the step of anisotropic etching process to be

given later. Any of other methods than the thermal oxide
procegs, such as CVD (chemical vapor deposition) method, an ion
implahtation method and anode oxide method, may b; used for
forming the film 230. The silicon substrate film may be
replaced by a silicon nitride film, a called p-type silicon
film added with boronlor gallium atoms, or a called n-type
silicon film added with arsenic or antimony atoms.

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

a Yhikness ot .
200 of,0.18 mm . was used.’

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

After the resin resist is removed, a mask pattern of
the silicon oxide film 230 that is patterned in the previous
process step appears on the substrate as shown in Fig. 43(a).

A window 231 is a location for the pressure generating chamber
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menbers are bonded together, those path holes 5 and 7 are frequently
deforned. In other words, the walls defining the pressure generatlng
chanbers are extended in a cantil ever fashion. Wen the . eﬁpqﬁgu
to other related nenbers, the walls ar, easily bent. |If nge
bent, the path holes 7 for the ink supply paths are defof ned. REPLA

201. A window 232 is a location for the ink supply path 202.
A window 233 is a location for the reservoir 203.

The silicon single-crystal substrate 200 is etched by
anisotropic etching process, using an etching liquid in which
the etching rate varies depending on the crystal face
orientation, such as an aqueoué solution of sodium hydroxide or
an aqueous solution of potassium hydroxide. The anisotropic
etchi&g process ends in a state shown in Fig. 43(c) through a
state shown in Fig. 43(b). Specifically, the (111) face
vertical to the (110) face of the surface of the silicon
single-crystal substrate 200 and the (111) face slanted to the
same appear in the window 231 after it undergoes the

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

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

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

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

90 minutes in an agueous solution containing sodium hydroxide
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Fig. 22a is a plan view show ng the structure of a spacer which w thstands
the deformation of the path holes for the pressure generating chanb N
and the path holes 7 for the ink supply paths. This unde e gHgﬂ'HAS BEE
structure is applied for the above- HEH%IOHEd spacer strucfure oﬁEmg@Epype

in which seven

of 20 wgt. %, kept at 80 °C. The resultant structure was.as
shown in Fig. 43(c).

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 space 203a
to be.the reservoir are removed by an isotropic etchinq liquid,
such as an aqueous solution of fluorine oxide. Tﬁe silicon
oxide film 230 is also removed in the etching process using the
isotropic étching ligquid. The etching rate in this etching
process is substantially equal to that in the etching process
for the silicon single-crystal substrate 200. Accordingly, the
thickness of the partition walls 234 is set at 1.7 um, equal to
that of the silicon oxide film 230. Impact by ultrasonic
vibrations, in place of the isotropic etching liquid, may be
used for removing the 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 affinity thereof with ink. The type
of the protecting film to be formed and the means for forﬁing
the protecting film are the same as those in the step for
forming the mask pattern 230. It is suggestible to form a
silicon oxide film by the thefmal oxide process.

With provision of the partition walls 234 (234a and

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

1This Sheet Has Been Replacec
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wal s are formed around the nozzle opening 2. Fig. 22b is a plan view
showi ng rel ative positions of the pressure generating chanber 48, t
nozzl e opening 2,7 and piezoel ectric vibrating elenments 30

Fig. 23 is an enlarged view show ng tge configuration of &Hﬁé
form ng the pressure generating chanb@® and its rel ated p rtiongt

shown, a -path -

LED

eliminated an excessive etching at the acutely angled corner of
the parallelogram 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 single
part (silicon single-crystal substrate 200). With this
strucéure, 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 broad. Extremely sﬁable products can be
manufactured.

Fig. 44 is a perspective view showing a key portion of
an ink jet printer head according to yet another embodiment of
the present invention. In this embodiment, each pressure
generating chamber 201 is provided with a plural number'(two in
this embodiment) of ink supply paths 202. Spaces 202a to be
the ink supply paths 202 are respectively located the acutely
and obtusely angled corners of the parallelogram of the space
20la to be the pressure generating chamber 201. With this, a
smooth flow of ink and a smooth discharge of ink bubbles are

ensured.
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hole 5 form ng a pressure generating chanber 48, a path hole 6
reservoir, and a path hole 7 formng an ink supply path are
a silicon single-crystal substrate vertically oriented i
t hi ckness of which is 50

forn1no

Fig. 45 is a perspective view showing a key portion of
an ink jet printer head according to a further embodiment of
the present invention. Spaces 204a which substantially
determine the volumes of the nozzle openings are also formed
like the spaces 202a of the ink supply paths 202. The nozzle
openings 204 are located on 4 peripheral edge of the silicon
s;ngle crystal substrate 200. The ink jet printer head of this
embodiment is aizglled edge ink jet printer head. Since a
plural number of the nozzle openings 204 are arra&ed on one
side face of the silicon single-crystal substrate 200, the
peripheral edge 200a is finished to be flat by cutting means,
such as a rotary grinder.

As described above, the plural number of the ink supply
paths 202 can stably be manufactured so as to have a desired
flow resistance. Those ink supply paths, together with the
pressure generating chambers 201, can be formed in the silicon
single-crystal substrate 200. Each ink supply path 202 is
supported at both ends by the ink supply paths 202 on both
sides thereof, and similarly each pressure generating chamber
201 is supported at both ends by the pressure generating
chambers 201 on both sides. Therefore, easy handling of the
silicon single-crystal substrate 200 after the ink supply paths
202 and the pressure generéting chambers 201 are formed therein
is realized althdugh the silicon of the silicon single-crystal

substrate 200 is fragile.
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28 sufficient for the spacer,, e.g., 220 [err]m A bridge 95 is
obliquely fornmed across-the path hole 5 at a location clgser._to

[This Sheet Has Been R THIS SHEET HAS BEEN
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Claims S6468-EP
- 1. An ink jet printer head comprising:

spacer (4, 200) including path holes (5, 90) for forming
pressure generating chamber (48, 201) continuous to
nozzle openings (2, 210a, 204), ink supply paths (104,
202), and reservoirs (203);

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

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

wherein the spacer (4, 200) includes a silicon single-
crystal substrate (60, 72, 130) vertically oriented in
(110) which is processed by anisotropic etching in such a
manner that one of the walls (5a, 5b) defining the path
hole (5) forming the pressure generating chamber (48) is
continuous to one of the walls (7a, 7b) defining a path
hole (7) forming the ink supply path (104, 202).

2. The ink jet printer head according to claim 1, wherein an
end portion of the path hole (5, 90) forming the pressure
generating chamber (48, 201) is defined by four wide
walls (5a, 5b, 5f, 5g) connected to one another at obtuse
angles. (63, 64, 05).

3. The ink Jjet printer head according to claim 1 or 2,
wherein an end portion of the path hole (5, 90) forming
the pressure generating chamber (48, 201) is defined by
six wide walls (5a, 5g, 5f’, 5f1’, 5£f2', 5b) connected to
one another at obtuse angles (64, 65 66, 67, 08).
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the path hole 7. ' The bridge 95 forned across the path hole is
s| anthtshebt Ha3E@beRefScer 126[err] and [err] 10 = 55[err] to the walls

path h [ define the pressure generating cha
Cross

ucture of the bridgg 95 is shown in F

4., The ink jet printer head according to any of the
preceding claims, wherein an end portion of the path hole
(5, 90) forming the pressure generating chamber (48, 201)
_.is defined by seven wide walls (5a, 5b, 5f, 5g, S5h, 5f1,
5f2) connected to one another at obtuse angles (64, 65,
66, 87, 68). '

5. The ink jet printer head according to any of the
pfeceding claims, wherein one of the walls (7a, 7b)
defining the end of the path hole (7) for the ink supply
path (202) where the path hole (7) is connected to the
reservoir (203) consists of two walls (6b, 6c) so that
the diameter of the end of the path hole (7) connecting
to the reservoir (203) gradually increases toward the

reservoir (203).

6. The ink jet printer head according to any of the
preceding claims, wherein one of the walls (7a, 7b )
defining the end of the path hole (7) for the ink supply
path (104,202) where the path hole is connected to the
pressure generating chamber (48) consists of two walls
(5d, 5e, 90e, 90f) so that the diameter of the end of the
path hole (7) connecting to the pressure generating

chamber (48) gradually increases toward the pressure
generating chamber (48).

7. The ink jet printer head according to any one of the
preceding claims, wherein a plurality of rectangular
indentations (50) for receiving excessive adhesive are
disposed around the path holes (5, 6, 7, %0, 91, 92).

8. The ink jet printer head according to claim 7, wherein
the opening area of each of the indentations (50) is
0.001 mm? to 0.01 mm2.

T
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shown, it is a triangle-ef-which the bottom95c lies on the side of the
substratéTbbSbaﬂWngg Agt with the nozzle plate. A slanting surface 95a

of the brid S0 as to increase the cross sectign-of the
pressure ge H r toward theqozzle opening 2, and @fHI&nSKEEG! RAS BEEN
011 (about 35[e e surface of the nozzle plate. REPLACED

9. The ink jet printer head according to any one of the

preceding claims, wherein a film of silicon dioxide (61,

66, 131, 230) is formed on the surface of the spacer (4,
..200).

10. The ink jet printer head according to any one of the
preceding claims, wherein a bridge means (95, 102) is
formed across one or more of the path holes (S5, 7, 90,
9?) forming the pressure generating chamber (48, 201) and
the ink supply path (104, 202) respectively. )

11. An ink jet printer head comprising:

a spacer (4, 200) including path holes (5, 90) for
forming pressure generating chamber (48, 201) continuous
to nozzle openings (2, 210a, 204), ink supply paths (104,
202), and reservoirs (203),

a cover member (1, 210) for sealingly covering the

pressure generating chambers (48, 201); and

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

wherein the spacer (4, 200) is a 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
path (104, 202), respectively.

12. The ink jet printer head according to claim 10 or 11,

wherein the bridge means (95, 102) includes at least two

Iy
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tex is an obtuse angle, approx] il
uses no 54

tlng surface '95b is slanted toward the ink supply path 7 at an
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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 1s smaller than the

_.thickness of the spacer.

13.

The ink jet printer head according to claim 12, 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).

14.

15.

16.

17.

18.

) O

The ink jet printer head according to any one of the
preeceding claims, 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.

The ink jet printer head according to claim 14, 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 14 or 15,
wherein the partition wall (105) is oblique to the array
(3) of the nozzle openings (2).

The ink jet printer head according to any one of the
preceding claims, wherein partition walls (111, 112) for
partitioning the pressure generating chambers (48, 201)
are provided, separated from each other by a 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.

An ink jet printer head comprising:
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vortgﬁisg odt Plas Beeri Replageessur e generating chanber, and hence does not
€

inpé f k therein. The height h of the bridge 95 is selecte
to be s “5
satisfa g

not to inpede the flow of ink and as 2
preferably 25 % of the thickness t of the spacer. R

of the bridge. e height of the bridgs iSH

-

a spacer (4, 200) including path holes (5, 90) for
forming pressure generating chambers (48, 201) continuous
to nozzle openings (2, 210a, 204), ink supply paths (104,
202), and resexrvoirs (203);

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

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

wherein partition walls (111, 112) for partitioning the
pressure dgenerating chambers (48, 201) are provided,
separated from each other by a 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.

19. The ink jet printer head according to claims 17 or 18,
wherein the slits (114) are formed from one side of a
silicon single-crystal substrate (60, 72, 130) by
anisotropic etching process, the cross section of each of
the slits (114) is trapezoidal in shape.

20. The ink jet printer head according to any one of the
claims 17 to 19, wherein each of the slits (1l1l4) is
formed between the adjacent pressure generating chambers
(48, 201).

21. The ink jet printer head according to any one of claims
17 to 20, wherein the slits (114, 115) are opened to the

air.

22. The ink jet printer head according to any of claims 17 to
21, wherein the opposed walls (111, 112) of each of the
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Figs 25 and 26 are Vi ews showi ng etching patterns suitable for form ng
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pressure generating chambers (48, 201) are connected by a
bridge means (95) formed at a part of the path hole (5,

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

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

24. An ink jet printer head comprising:

a nozzle plate (1, 210) with nozzle openings (2, 210a,
204);

a spacer (4, 200) including pressure generating chambers
(48, 201), ink supply paths (104, 202), and reservoirs
(203);

a cover member; and

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

wherein the spacer (4, 200) includes a main area (4a)
containing the path holes (5, 7) for forming the pressure
generating chambers (48, 201) and the ink supply paths
(104, 202) and a peripheral area (4b) containing the path
holes (6) for the reservoirs (203), and a partition wall
(105) is formed traversing the ink supply path (104) for
receiving ink.
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is formed in a | ocation (facing the
the etching pattern 80 defining the

95¢c of
t he p

nozzl e openi ng of

291Thl$$ms§§53s|9&n ReplRBect ching protecting pattern 96 defining the bottom
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genera |ng

25.

26

27.

28.

29.

In the portion 57 REPLACED

The ink jet printer head according to claim 23 or 24,
wherein the thickness of the partition wall (105) is
within the range from 20 pm to 80 um.

.. The ink jet printer head according to any of the claims

23 to 25, wherein the partition wall (105) is oblique to
an array (3)of the nozzle openings (2, 210a, 204).

The ink jet printer head according to any of the claims
23 to 26, wherein the partition wall (105a) includes
another partition wall (105b) crossing the partition wall
(105a) at the central part of the ink supply path (104).

The ink jet printer head according to any of the
preceding claims, wherein the pressure generating
chambers (48, 201) each have walls of at least two (1ll1l)
faces vertical to the surface of the silicon single-
crystal substrate (200), and the ink supply paths (202)
each have walls of at least two (1l1ll) faces slanted to
the surface of the silicon single crystal substrate
(200).

An ink jet printer head comprising:

a spacer (4, 200) including pressure generating chambers
(48, 201) continuous to nozzle openings (2, 210a, 204y,
ink supply paths (104, 202), and reservoirs (203);

a cover member (1, 210) for sealingly covering the

pressure generating chambers (48, 201); and

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

L I
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wherein the spacer (4, .200) includes a silicon single-
crystal substrate (60, 72, 130) having the surface
vertically oriented in (110) that is processed by
anisotropic etching process so that the pressure
..generating chambers (48, 201) each have walls of at
least two (111) faces vertical to the surface of the
silicon single-crystal substrate (200), and the ink
supply paths (202) each have walls of at least two (111)
faces slanted to the surface of the silicon single-

cr&stal substrate (200).

30. The ink jet printer head according to claim 28 or 29,
wherein the two (111) faces of the ink supply path (202)

form a V-shaped groove.

31. The ink jet printer head according to any of the claims
28 to 30, wherein the nozzle openings (204) communicating
with the pressure generating chambers (201) each have
walls of two (111) faces slanted to the surface of the
silicon single-crystal substrate (200).

32. The ink jet printer head according to claim 31, wherein
the two (111) faces of the nozzle opening (204) form a V-

shaped groove.

33. A method of processing a silicon single-crystal substrate
in use with an ink jet printer head, comprising the steps
of:

forming anisotropic etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for forming path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-

crystal substrate vertically oriented in (110); and
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ot hehis sh tching protecting pattern 97a, shaped like a blade, is
ext end eﬁWSB@e 7‘?8 boundari es of the etching protectijngys mMEEHASOBEEN

paraII 5a of the path hole 5 for the pressureﬁgﬁgﬁkgtlng
extended fromthe waII 5c of the

charrbel prot ecting pattern 38a, shaped | i ke la_bla

forming the path holes from the obverse and the reverse
sides of the silicon single-crystal substrate by
anisotropic etching process, wherein the anisotropic
etching protecting patterns include anisotropic etching
.protecting patterns which are positioned at one side of
the silicon single-crystal substrate to form a first path
hole and a second path hole which is narrower in width
than the first path hole and which are aligned with each
other, and a blade-like etching protecting pattern is
formed in parallel with the second path hole while being
substantially aligned with a wall of the second path
hole.

34. A method of processing a silicon single-crystal substrate
in use with an ink jet printer head, comprising the steps

of:

forming anisotropic etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for forming path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-

crystal substrate vertically oriented in (110); and

forming the path holes from the obverse and the reverse
sides of the silicon single-crystal substrate by

anisotropic etching process,

wherein the anisotropic etching protecting patterns
include anisotropic etching protecting patterns which are
positioned at one side of silicon single-crystal
substrate to form a first path hole and a second path
hole which is narrower in width than the first path hole
and which are aligned with each other, and a blade-like
etching protecting pattern is formed to align with the
longitudinal direction of the second hole and which is
parallel to the second path hole.

ThSisthergpMcementsheet

1 1 SEP 1905

(T

Date:



path_hole 5 t0\é/ar t he Eath hole 5. The wall 5c faces the wall 7a of the

d
patHThﬁs e ria eRF%®h the wall 5a of the path hole 5 for the pressure
generat“ j &@Eﬂ he wall 7a is one of the walls definmn? TH@EPBEQ{‘
7 for t da i ra
part thereof to

A1%

path). A straightggpattern, connectsg ﬁ.A%%Bt

35. The method of processing a silicon single-crystal
substrate according to claim 33 or 34, wherein one of the
silicon dioxide patterns located in a mirror image

..fashion is coincident in position with the path hole
formed by the etching process, while the other is
dislocated to the inner side of the path hole to be
formed.

36. Tﬁe method of processing a silicon single-crystal
substrate according to one of claims 33 to 35, wherein an
end region requiring a smooth wall in the first path hole
is dislocated toward the second wall and an etching
protecting pattern with a protruded part is formed
thereon.

37. The method of processing a silicon single-crystal
substrate according to claim 36, wherein the resultant

structure is processed by anisotropic etching process.

38. A method of manufacturing an ink jet printer head

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 ink supply paths, the etching
protecting patterns and the second etching protecting

patterns being formed on the other major surface of the
spacer,

| R R This s the replacement shest
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theTrpgs,;e% ﬂ 9 and 100, is horizontally extended. The left side. of the

stral egbda5|gnated by reference nuneral 97b, while the right
S|de raI 98b. These narrow patterns QZb.and—QSb—~§ﬂgEn‘
serve ot ecting patterns, gje |ocated correLbthdSWg‘ETt BA t
narr ow etch| ng prot ecting patterns 97a and 98a. REPLACED

wherein the second etching 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.

39. A method of manufacturing an ink jet printer head having
pressure generating chamber communicating at first ends
with ink supply paths and at the second ends with nozzle
openings for shooting forth ink droplets comprising the
sfeps of:

forming first spaces each having walls of two (111) faces
slanted to the surface of a silicon single-crystal

- substrate vertically oriented in (110) and a second space
having walls of at least two (l11ll) faces vertical to the
surface of the silicon single-crystal substrate by
anisotropic etching process using an etching liquid in
which an etching rate depends on the crystal orientation;
and

removing a partition wall of the (111) face for

partitioning the first and the second spaces.

40. The method of manufacuring an ink jet printer head
according to claim 39, further comprising the steps of:

forming a first pattern substantially aligned with the
base of a bridge means triangular in cross section which

is formed one of the major surfaces of the spacer; and

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

protecting patterns and the second etching protecting
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patterns being formed on the other major surface of the

spacer,

wherein the second etching 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.

. The method of manufacturing an ink jet printer head
aébording to claim 39 or 40 , wherein the first space
substantially determines the volume of the ink supply
path, and the second space substantially determines the
volume of the pressure generating chamber

The method of manufacturing an ink jet printer head
according to claim 39 or 40, wherein the first space
substantially determines the volume of the nozzle
opening, and the second space substantially determines
the volume of the pressure generating chamber.

. The method of manufacturing an ink jet printer head
according to any one of the claims 39 to 43, wherein the
partitioning walls are removed by isotropic etching

process.
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The silicon single-crystal Substrate vertically oriented in (110)
with the etching protecting patterns thus forned is etched by the

ani sotropi c etching nethod. The etching progresses along the (111) face
slanted at an angle of approximately §5[err] to the obverse and the
reverse side of the silicon single-crystal substrate, as described above

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

ink is ensured.

FIGURE 8
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27(a)). In a stage where the etching,
progresses into
of the thicknes

the reverse side of the substrate,

the etching depth reaches about the half
(Fig. 27(b)), the edge 80b of the etching pattern 80 gro

direction substantially
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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.| THIB SHIErHAS BrEN |
words, the etching progresses so that the surface of the substrafre| AGED ef t

at the angle of about 35[err], and progresses

FIG. 2
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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
inctination of the left surface. Specifically, the left gurface is
inclined in the direction indicated by the arrow head. |TH§ guzpy HAS BH:N
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For tﬁe regi ons covered with the etching protecting patterns 97a, 98a,
97b, and 98b, the etching progresses in the direction substantially

vertical to the obverse and the reverse side of the sili ngl e- crysta
substrate so as to shorten THIS SHEET HAS BEEN
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31 the regions. Wth these patterns, the etching reaches the boundary
of the etching protecting pattern 96. Then, the
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etcht ng progresses so that the surface slanted at the angle of
the surface of the silicon single-crystal substrate is
28(b)).

pr.evi ous case (Fig.

protecting patterns 99 and 100, and
protecting pattern is
t he

bi furcation

bi f

The et ching

ur cat ed

further progresses.
i|§()twn patterns.

35[err] to
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et ching advances toward the walls 5a and 5b, while the etching advances in
the sane direction as that of the etching protecting patterns 97a, 97b,

98a, and 98b (Fig. 28(c)).
protecting patterns 99 and 100, which formthe ri dge of

triangular in cross

FIG. 9 a
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section, are not al i gned with each other. Accordingly, an edge_ part where

tth(ugS etﬂ-hsBSen Rép%ééect Is formed, thereby preventing the formation of a
vertl If the etching protecting patternsg—99.and 100 are
al i gn her a wall of which the crystal faceThHiS SHHHATL HABSBEEN
vertical whi c | es in shape theBet chi ng REPLACED
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protecting patterns 99 and 100 is fornmed. This wall segnments
"Ug7RE Bhidt Blas BeartRaplaceit 0 two secti ons. in
pat t , Which are formed on the vibrator plg BT A

di sap %\mmar\mm. ng is further continued. Then, a briﬁ&é@!ﬁﬁ%ﬁ"@fn@?“
in wh : 9 : REPLAG

After the etching protect

the pressure

FIG. 14 a
5

5

VAR SRS L AR SR AV A A AR N
7

85 86
7
/‘Iﬂ VAN AR LR AN AR 4 L A iy
85 86

A S LR S AN L AN A A AR A "
J

S L Ll Ll L L L2

This is the replacement sheet

1 1 SEP 1995

Date:




sl anting surfaces 95a and 95b of the (111) faces, slanted at about 35,
I ntersect when viewed in cross section. 32
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If the etching process is further continued, the ridge of the bridge is

etched to be flat. However, the etching process is stopped when the

regi ons around the nozzle opening and the ink supply path_.are shaped as

i ntended. Accordingly, THIS SHEED tnae commin |
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‘the etching protecting patterns 96, 99, and 100 are determ ned by the
timng of the stop of the etching process. In the above i nstance, _
the bridge 95 is formed across the path hole 5 to be the prgsi LH /\Q BFEM
generating chanber 48. If required, it may be formed acr Y

7 to be the ink supply path, as showr?in Fig. 29. As sh wn, a Br‘f Q 102
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triangular in cross section is fornmed across the path hole 7. A nethod
simlar to that used for formng the bridge 95 may be used for formng the

bri dge 102. . Also in this instance of the enbodinment, the walls 7a
and 7b of the path hole 7 are supported by the bridge 102.
13
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Because of this structure, the wwdth size of the path hole 5- and the path
hol e 7 can be maintai ned t hroughout the assenbling- stage. An i nk
jet ‘printer head according to a second enbodinment of the present invention
will be described with reference to Figs. 30 and 31. As shown, in the

jet printer 14, .
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head,'pressure generating chanbers 48 are partitioned by unique
partitioni ng neans. The chanber partitioning nmeans consists o

chanber
f a narrow

space 110 defined by a couple of very thin partition Walﬁl £
A spacer used for the ink jet printer head is illustrate §1§%

apd, k1
éq" ZQE%Nn

ACE

L

32b. As shown, the narrow spaces 15
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110 partitioning the pr—e_ssure generating chanbers 48 take: the
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form'of slits 114. Each slit 114 is extended fromthe ink supp
7 to a location beyond the nozzle opening 2. In the e 1:-5q§ﬁ§T}ﬂﬁbBEEN
partition walls 111 and 112 of the chanber partitioning nean,E?[gniﬁ
[err]mthick. The partitioning walls 111 and 112 have sugh.a

to allow these walls to be re5|llquly def or mabl e when the walls recelve
a pressure caused when a pressure i's applied to ink for ink discharge. A
sl ant ed bridge 95, triangular in cross section, traverses each pressure
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generating chanber 48 in a state that it connects the partition wal I's 111

and 112 of the adjacent cahnber partitioning neans, as —H .
95 is located at the central part of each pressure genereﬂtH\&gﬁ\'@ﬁB f
when viewed in the-longitudinal direction of the chanberi. REPLACEDTH

bridge 95 is located on the side of th& spacer 4, cl oser nozzl e
plate 1, and spaced fromthe vibrator plate 10 at a fixed distance.
Provi sion of the bridge 95 is not
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obstructive in the flow of ink within the pressure generating chanmber 48.
The thickness of the bridge 95 is selected to such an egteft—as—to

prevent the partition walls 111 and 112 from falling to} Hi§ SfHEETnHAscBgEN
space 110 or the pressure generating chanmber 48. In thils enbdtPngrdp the
hei ght from the base of 19
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the triangle (of the cross section of the bridge 95) to the_ vertex is
approximately 70 [err]m “In the ink jet printer head thus

constructed, the piezoelectric vibrating elenents 30, whi[ |
| ongi tudi nal vibration node, are fastened at the first endp ?@$ gﬁﬂ%igg?iﬁEN

pressure generating chanbers 48 and atpmched at the second
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ends thereof to the islands 11 of the vibrator plate 10. Drive signals

basedThis Shedt hias BedreRepiazeappl i ed to the print head. In response_ta &
drive si g’ﬁf”ﬂ"'”ﬂl}lﬁl zoel ectric vibrating 1S SHE FET HAS
TS o EPLAGED
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-34 - elenents 30 | ongi tudi nally expand to conpress the pressure
generating chanbers 48 to cause pressure in the chanbers. The
pressure generated expands the pressure generating

22

FIG. 32

10 48
g 30

10

95 1 B
110 | 48 [110) 2 4
M 112 1M
FIG. 35
48 i 0
- f—
"N L™
e 1 { i I
012 1 2 111 110

This Sheet Has Been Replacec

l"lll“l"l IIIII This is the replacament sheet

| '} SEP 1998
Date:




'1

SIS SHEEEHS BEF

absorb the deformation oé3the partition walil's 11hEﬁUﬁE312

0l L)

L

| 1 m \ /

\\\ ,
\

toward the

and causing ink to

The narrow spa

whi ch partition the pred

g 7N _ \\\\\

////_,\/////,_7////_\/////“_///// <SS

4 8% 56 P

q %& Di4

T T T )

A mﬁ 84 G6 V2 Wy 2k L

L ¢l ¥i%5
e ¢ DiH

t hereby bending the partition walls 111 and 112

narrow spaces 110 and the vibrator plate 10 outward,
shoot forth through the nozzle opening 2.

t he chanber partitioning neans,

chanber 48,
chanbers 48,

This is the replacement sheet
1 SEP 1005

Date:

lacec

Il

[

This Sheet Has Been Rep



defining the narrow spaces 110, thereby bl ocking the transfer
di spl acenent of the partition walls 111 and 112 to the

generating chanbers 48. Provision of the

anot her spacer
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Orrae bHEPENES BEEN

openings 2. The second slit

a second slit 115 is formed which extends
25

in this spacer
air.

As shown,

in the direction of the array of the nozzle
115 is continuous to the slits 114 as the narrow spaces 1]
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plate 1 and the vibrator plate 10.

Accordingly, the partif 'IF?l'S YefHTsHAY BEE

Wth this structure, the narrow spaces 110 are not closed by thg_,n.oz,zlwe-ﬂ

and 112 are undeformabl e under anbient tenperature vari at

this instance of the enbodi ment,

partition walls 111 and 112 are connegged to
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t he seEond slit 115 | ocated at one end of the spaéer 4. |If required,
t hese narrow spaces 110 or the slits 114 may directly be ogpened to the air

at both ends of the spacer individually. THIS SHEET HAS BEEN
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Fig. 35a shows an etching pattern on the side of the silicon
single-crystal substrate on which the bridge 95 is forned, and Fig. 35b
shows an etching pattern on the side thereof on which a space—+s-pl®
above the bridge 95 so as to secure the free flow of ink TriSt HEE S
generating chanber 48. 1In Figs. 35329énd 35b, the hatchedRE
I ndi cate etching

FIG. 42
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proteéting fil ns.
i ndi-cat e

In Fig. 35a, reference nunerals 120a and 120b

wi ndows for defining etching areas to secure spaces for the

preSsure generating chanbers 48 on one side of the silic
substrate. In Fig. 35b, reference nunerals 120c WTHIS SHEET HAS Bt
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and 120d al so indicate windows for defining etching areas to secure spaces
for the pressure generating chanbers 48 on the other side of the

silicon single-crystal substrate. A protecting fil ' HAS BEEN
protecting an area corresponding to the bridge 95 agains ThiRe % qug 'S
formed between the wi ndows 120a and 1§Qb. A smal | protecting i b fo4

resisting the
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etching, to éﬁy gade ee is formed in the etching patfern on the oth

si de of theig Coff §|ngle crystal substrate. ”Q&&QﬁCﬂMEﬂPWﬁWE?Za

.and 122b are fo%ggg 2 phe etchlng pattern-en & nozk openl.ng-si-de 0
Y
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1. An ink jet printer head comprising:

Claims S6468-EP

ellgr

spacer (4, 200) including path holes (S, 90) for forming
pressure generating chamber (48, 201) continuous to
nozzle openings (2, 210a, 204), ink supply paths (104,
202), and reservoirs (203);

‘'a cover member (1, 210) for sealingly covering the

pressure generating chamber (48, 201); and

pressure generating means (%0) for generating pressure in
the pressure generating chamber (48, 201) in accordance

with print data,

- wherein the spacer (4, 200) includes a silicon single-
crystal substrate (60, 72, 130) vertically oriented in
(110) which is processed by anisotropic etching in such a
manner that one of the walls (5a, Sb) defining the path
hole '(5) forming the.pressure generating chamber (48) is

- continucus to one of thé.walls (72, 7b) defining a path
‘hole (7) forming the ink supply path (104, 202).

2. 'The ink jet printer head according to claim 1, wherein an
end portion of the path hole (S, 90) formlng the pressure

= generating chamber (48, 201) is defined \by four wide
walls (Sa, Sb, Sf, Sg) connected to one another at obtuse
angles. (83, 64, 65). s\

3. The ink jet printer heaa- according to claim XQ or 2,
wherein an end portion of the path hole (35, 90)\§orming
the pressure generating. chamber (48, 201) is defihgd by
six wide walls (5a, Sg, Sf', Sfl’, Sf2', 5b) connect;g to
one another at obtuse angles (84, 85 66, 67, 08).
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ranges between the wi ndows 120a and 120b for forming the slits 114 each
defi ned by the- part+t+on walls 111 and 112.
This Sheet Has
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4. The ink jet printer head according to any of the
preceding claims, wherein an end portion of the path hole
(5, 90) forming the pressure generating chamber (48, 201)
_is defined by seven wide walls (Sé, 5b, 5f, S5g, Sh, S5f1,
S£f2) connected to one another at obtuse angles (04, 65,
g6, 87, 68).

S. The ink jet printer head according to any of the
pfeceding claims, wherein one of the walls (7a, 7b)
defining the end of the path hole (7) for the ink supply
path ]202) where the path hole (7) is connected to the
reservoir (203) consists of two walls (6b, 6c) so that
the diameter of the end of the path hole (7) connecting
to the reservoir (203) gradually increases toward the
reservoir (203).

6. The ink Jjet printer head according to any of the
preceding claims, wherein one of the walls (7a, 7b )
defining the end of the path hole (7) for the ink supply
path (104 202) where the path hole is connected to the
pressure generating chamber (48) consists of two walls
(5d, Se, 90e, 90f) so that the diameter of the end of the
path hole (7) connecting to the pressure generating

_ chamber (48) gradually increases toward the pressure

- generating chamber (48).

7. The ink jet printer head according to any one of the
preceding claims, wherein a plurality of rectangular
indentations (50) for receiving excessive adhesive are
disposed around the path holes (5, 6, 7, 90, 91, 92).

8. The ink jet printer head according to claim 7, wherein
the opening area of each of the indentations (50) is

T
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W ndows 123a and 123b for the path holes 6 of the

reservoirs are .forned-closer to the ink supply paths to the pressure

generafting “chanbers. The w ndows 123a and 123b are
| This Sheet Has Been Replacet
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The ink jet printer head according to any one of the
preceding claims, wherein a film of silicon dioxide (61,
66, 131, 230) is formed on the surface of the spacer (4,
200).

The ink jet printer' head according to any one of the
preceding claims, wherein a bridge means (95, 102) is
formed across one or more of the path holes (5, 7, 90,
Si) forming the pressure generating chamber (48, 201) and
the ink supply path (10¢, 202) respectively.

A method of processing a silicon single-crystal substrate
in use with an ink jet printer head, comprising the steps
of:

forming anisctrapic etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for formiﬁgzpath holes in a mirror image manner
on an obverse and a reverse side of the silicon single-

crystal substrate vertically oriented in (110}; and
forming the path holes from the obverse and the reverse
'sides of the silicon single-crystal substrate by

" anisotropic etching process, wherein the anisotropic

etching protectlng' patterns include anxsotroplc etching
.protecting patterns which are positioned at one side of
the silicon single-crystal substrate to form a first path
hole and a second path hole which is narrower in width
than the first path hole and which are aligned with each
other, and a blade-like etching protecting pattern is
formed in parallel with the second path hole, while being
substantially aligned with a wall of the second path
hole.

L
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generatlng narrow w n R ¥ §
These narr and 124b a gﬂhlng t hefpalh 7 HEET
t he i nk supply chi ng protectlnﬁE Teras_ 5flanfe used for
checki ng the progress of an excddsive etching into rel ptifv8l§ Jal nesy
spaces, Mhi shmethod of processing a silicon single-cry§tdi—substrate |
in use with an ink jet printer head, compriging the steps

of:

forming anisotropic etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for forming path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-
crystal substrate vertically oriented in (110); and

forming the path holes from the obverse and the reverse
sides of the silicon single-crystal -substrate by
anisotropic etching process,

wherein the anisotropic - etching protecting patterns
include anisotropic etching protecting patterns which are
positioned at one side of silicon single-crystal
substrate to form a first path hole and a second path
hole which is narrower in width than the first path hole
and which are aligned with each other, and a blade-like
etching protec_ti’ggt pattern is formed to align with the
longitudinal direction of the second hole and which is
parallel to the second path hole.

i3. The method of processing a silicon single-crystal
substrate according to claim 33 or 34, wherein one of the
silicon .dioxide patterns located in a mirror image

. fashion is coincident in position with the path hole
formed by the etching process, while the other is
dislocated to the inner side of the path hole to be

formed.

14. The method of processing a silicon single-crystal
substrate according to one of claims 33 to 35, wherein an
end region requiring a smooth wall in the first path hole
is dislocated toward the second wall and an etching
protecting pattern with a protruded part is formed
thereon

HIIIIII il lllll Il IIII
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Claims S6468-EP

An ink jet printer head comprising:

sp;éer (4, 200) including path holes (5, 90) for forming
pressure generating chamber (48, 201) continuous to
nozzle openings (2, 210a, 204), ink supply paths (104,
202), and reservoirs (203);

a cover member (1, 210) for sealingly covering the

pressure generating chamber (48, 201); and

-

pressure generating means (30) for generating pressure in
the pressure generating chamber (48, 20l1) in accordance

with print data,

" wherein the spacer (4, 200) includes a silicon single-

cr_{rstal substrate (60, 72, 130) vertically oriented in
(110) which is processed by anisotropic etching in such a.
manner that one of the walls (Sa, Sb) defining the path
hole "(5) forming the .pressure generating chamber (48) is
continuous to one of the.walls (7a, 7b) defining a path

‘hole (7) forming the ink supply path (104, 202).

‘The ink jet printer head according to claim 1, wherein an

end portion ‘of the path hole (S, S0) forming the pressure
generating chamber (48, 201) is defined by four wide
walls (Sa, 5b, 5f, 5g) connected to one angther at obtuse
angles. (63, 64, 85). )

The ink jet printer heac'i.according to claim 1 or 2,
wherein an end portion of the path hole (5, 90) forming
the p';'essure generating chamber (48, 201) is defined Dby
six wide walls (5a, Sgq, Sf7 Sfl’, S£2', Sb) connected tdg
one another at obtuse angles (84, 085S 9§, 97 @8). 3
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4. The ink jet printer head according to any of the
preceding claims, wherein an end portion of the path hole
(S, 90) forming the pressure generating chamber (48, 201)
is defined by seven wide walls (Sa, Sb, Sf, 5g, Sh, S5f1,
S£2) connected to one another at cbtuse angles (84, 65,
g6, 87, 68).

S. The ink jet printer head according to any of the
pfeceding claims, wherein one of the walls (7a, 7b)
defintng the end of -the path hole (7) for the ink supply
path ]202) where the path hole (7) is connected to the
reservoir (203) consists of two walls (6b, 6c) so that
the diameter of the end of the path hole (7) connecting
to the reservoir (203) gradually incdreases toward the
reservoir (203).

6. The ink jet printer head according to any of the
preceding claims, wherein one of the walls (7a, 7b )
defining the end of the path hole (7) for the ink supply
path (104 202) where the path hole is connected to the
pres;ure generating chamber (48) consists ‘of two walls
(Sd, Se, 90e, 90f) so that the diameter of the end of the
path hole (7) connecting to the pressure generating
chamber (48) gradually increases toward  the pressure
generating chamber (48). |

7. The ink jet printer head according to any one of the -
preceding claims, wherein a plurality of rectangular’
indentations (SO) for receiving excessive adhesive are
disposed around the path holes (S, 6, 7, §0, g1, 92). |

8. The ink jet printer head according to claim 7, whereiné
the opening area of each of the indentations (50) is
0 001 mm? to 0.01 mm?, : ¥

\\ll\l\\ \\\\\\ |||\\ I



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

'This Sheet Has Been R

LT

REPLACED

- - 53 -

9. The ink jet printer head according to any one of the
preceding claims, wherein a film of silicon dioxide (61,
66, 1311, 230) is formed on the surface of the spacer (4,
200).

10. The ink jet printer head .according to any one of the
preceding claims, wherein a bridge means (8s, 102) 1is
formed across one or more of the path holes (5, 7. 90;
Si) forming the pressure generating chamber (48," 20l) and
the iok supply path (104, 202) respectively.

11. A method of processing a silicon single-crystal substrate
in use with an ink jet printer head, comprising the steps

of:

forming an;sotrcp;c etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for formiﬁg ;path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-
crystal substrate vertically oriented in (110); and
forming the path holes from the obverse and the reverse
'sides of the silicon single-crystal substrate Ey
" anisotropic etching process, wherein the anisotropic
- etching protectzng' patterns include anxsotroplc etching
- .protecting patterns which are. positioned at one side of
the silicon single-crystal substrate to form a first path
hole and a second path hole which is narrower in width
than the first path hole and which are aligned with each:
other, and a blade-like etching protecting pattern is
formed in parallel with the second path hole while be;ng:
substantially aligned with a wall of the second path
hole. =

m



formed on rface of the silicon single- cry substrate 130

by therrra
suffici ent for

'SSNﬂe’@iasaeede plgoebde film 131 of 1 [err]mthick, for exanple, is

in use with an ink jet printer head, compkising the steps
of:

for;nj.ng anisotropic etching protecting patterns made of
silicon dioxide, coincident in configuration with
patterns for forming path holes in a mirror image manner
on an obverse and a reverse side of the silicon single-
crystal substrate vertically oriented in (110); and

forming the path holes from ‘the obverse and the reverse
"sides of the silicon single-crystal -substrate by
anisotropic etching process,

wherein the anisotropic- etching protecting patterns
include anisotropic etching protecting patterns which are
positioned at one side of silicon single-crystal
substrate to form a first path hole and a second path
hole which is narrower in width than the first path hole .
and which are aligned with each other, and a blade-like
‘etching proteqti‘fggi pattern is formed to align with the
longitudinal direction of the sécond hole and which is
parallel to the s'ec'oncg. path hole.

i3. The method of processing a silicon single-crystal
substrate according to claim .11 or 12., wherein one of the
-silicon -dioxide patterns located in a mirror image
. fashion is coincident in position with the path hole
formed by the etching process, while the other is -
‘dislocated to the inner side of the 'path hole to be

formed.

14. The method of processing a silicon single-cryétal
substrate according to one of claims 11 to 13, wherein an
end region requiring a smooth wall in the first path hole,
is ¢leocated toward the second wall and an etching !
protecting pattern with‘ a protruded part is formed :
thereon. |
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15. The method of processing a silicon

substrate according to claim 14 , wherein the resultant

Structure is processed by anisotropic etching process.
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If the etching process is further continued, the ridge
of the bridge is etched to be flat. However, the etching
process is stopped when the regions around the nozzle opening
and the ink sﬁpply path are shaped as intended. Accordingly,
the etching protecting patterns 96, 99, and 100 are deiermined
by the timing of the stop of the etching process.

In the above instance, the bridge 95 is formed across
the péth hcle S to be the pressure generating chamber 48. If
required, it may be formed across the path hole 7 to be the ink
supply péth, as shown in Fig. 29. As shown, a bridge 102
triangular in cross section is formed across the path hole 7.
A method similar to that used for forming the bridge 95 may be
used for forming the bridge ;02.

Also in this instance of the embodiment, the walls 7a
and 7b of the path hole 7 are suppcrted'by the bridge 102.
Because of this structure, the width size of the path hole 5
and the path hole 7 can be maintained throughout the assembling

stage.

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

A spacer used for the ink jet printer ﬁead is
illustrated in Figs. 34a and 54b. As shown, the narrow spaces

110 partitioning the pressure generating chambers 48 take: the

’gf 649



ana 134 sin,e_Lhnse_aLeas—aLe-ndt hardened (Fig. 36(b)). In this

‘state, the 4t REPIAOFMENT 8MEFRd using hydrogen fluoride liquid. The
silicon diojid ' ntin the w ndows 133 and 134 are r$§%§§§
As descri bed abgﬁg, Bpe,g'liccn di oxi de pagtern 131la Rgﬂumﬁﬁw i de of
t he substratje jc rg hé I i don di oxi de .

£ i 14 Each slit 114 is extended from the ink

Lsueply—patir—F—to—2 location beyond the nozzle opening 2. 1In
the embodiment, the partition walls 111 and 112 of the chamber
partitioning means are 15 uit?éghe partition walls 111 and 112
have such a thickness as to allow these wal;s to be resiliently
deformable when the walls receive a pressure caused when a
pressure is applied to ink for ink discharge. A slanted bridge
95, triangular in cross section, traverses each pressure
generating éhamber 48 in a state that it connects the partition

walls 111 and 112 of the adjacent chamber partitioning means,

as shown. The bridge 95 is located at the central part of e;ch

pressure generating chamber.48 when viewed in the longitudinal
direction of the chamber.

The bridge 95 is located on the side of the spacer ¢4,
closer to the noﬁzle plate 1, and spaced from the vibrator
plate 10,2 fixed distance. Provision of the bridge 395 is not
obstructive in the flow of ink within the pressure generating
chamber 48? The thickness of the bridge 95 is selected to such
an eétent as to prevent the partition walls 111 an§_112 from
falling toward the narrow space 110 or ﬁhe pressure generating
chamber 48. 1In this embodiment, the height from the base of
the triangle (of the cross section of the bridge 95} to the
vertex is approximately 70 um.

In the ink jet printer head .thus constructed, the
piezoelectric vibrating elements 30, which vibrate in a
longitudinal vibration mode, are fastened at the first ends of
the pressure generating chambers 48 and attached at the second
ends thereof to the islands 11 of the vibrator plate 10. Drive
signals based on print data are applied to the print head. 1In

response to the drive signals, the piezoelectric vibrating
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lements 30 longitudinally expand to compress the pressure

generating chambers 48 to cause pressure in the chambers.

The pressure generated expands the pressure generating
chamber 48, thereby bending the partition walls 11l and I12
toward the narrow spaces 110 and the vibrator plate 10 outward,

and causing ink to shoot forth through the nozzle opening 2.
The narrow spaces .110 of the chamber partitioning

means, which partition 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 1lll and 112 to the
adjacent pressure generating chambers 48. Provision of the
narrow spaces 110 effectively prevents the cross talk.

In Figs. 36a and 36b, there is shown anot@qr spacer
adaptable for the second embodiment of the ink jet printer
head: As shown, in this spacer, a second slit 115 is formed
which extends in the direction of the array of the nozzle
openings 2. The second slit 115 is continuous to the slits 11¢
as the narrow spaces 110 and opened at the opening 115a to the
air.

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

In this instance of the embodiment, the narrow spaces
110 defined by the partition walls 111 and 112 are connected to
the second slit 115 located at one end of the spacer 4. If.
required, these narrow spaces 110 or the slits 114 may directly
be opened to the air at both ends of the spacer individually.
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Figs. 3?} and 37b are plan views showing etching

patterns for manufacturing the spacer 4 structured as mentioned

above by etching a silicon single-crystal substrate of the
crystallographic axis (110) by an anisotropic etching method.

Fig. 37a shows an etching pattern on the side of the silicon
single-crystal substrate on which the bridge 95 is formed, and
Fig. 37b shows an etching pattern on the side thereof on which
a space is provided above the bridge 95 so as to secure the
free flow of ink in the pressure generating chamber 48. 1In
Figs. 37a and 37b, the hatched areas indicate etching
protécting films.

In Fig. 37a, reference numerals 120a and 1205 indicate
windows for defining etching areas to secure spaces for the
pressure generating chambers 48 on one side of the silicon
single-crystal substrate. In Fig. 37b, reference numerals 120c
and 120d also indicate windows for defining etching areas to
secure spaces for the pressure generating chambers 48 on the
other side of the silicon single-crystal substrate. A
protecting film 12la for protectihg an area corresponding to
the bridge 95 against the etching is formed between the windows
120a and 120b. A small protecting film 121b for resisting the
etching to a certain degree is formed in the etching pattern on
the other side of the silicon single-crystal substrate.

Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-
crystal substrate (Fig. 37a). The narrow windows_iZZa and 122b
ranges between the windows 120a and 120b for forming the slits

114 each defined by the partition walls 111 and 112.
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Windows 123a and 123b for the path holes 6 of the
resarvoirs are formed closer to the ink supply paths to the
pressure generating chambers. fhe windows 123a and 123b are
connected to the windows 120b and 120d for forming the pressure
generating chambers 48 by narrow windows 124a and 12¢b,
respectively. These narrow windows 124a and 124b are for
etching the path holes 7 for the ink supply paths. Etching
proteéting 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 teo 120d for the pressure
generating chambers, the windows 120a and 120b on one side of
the silicon single-crystal substrate (Fig. 37a) are larger than
the windows 120c and 120d on the other side (Fig. 37b) or vice

. versa. The same thing is correspondingly applied to the
windows 124a and 124b.

More specifically, the windows 120a, 120b, and 124a on
one side of the substrate are about 5 pm larger than those
corresponding windows 120c, 120d, and 124b on the other side
thereof so that the former windows can cover the latter ones
when those windows ;re 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 um thick (enough to satisfy

the thickness required for the spacer), for example, is
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the direction vertical to the crystallographic axis (111). The

patterns 1 iﬁgsgg I3Th—for } on the obverse and the reverse side of the
silicon si 9@“%” §%%5Trate 130 are sized such that one pattern

covers the jother patter, vnz.| t he boundary of the etching protecting
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prepared. A silicon dioxide £film 131 of 1 um thick, for
example, is formed on the entire surface of the silicon single-
crystal substrate 130 by thermal oxidation process. The 1 um
thick of the film ;31 is sufficient for the film 131
functioning as a protecting film against an anisotropic etching
liquid (Fig. 38(a)).

Photo-setting photosensitive layers are formed cn the
silic;n dioxide film 131 on the obverse and the reverse side of
the siliéon single-crystal substrate 130. After thé patterns
(Fig. 37a) are positioned on one side of the substrate and the
patterns (Fig. 37c) are positioned on the other side thereof,
then the structure is exposed to light. Thereafter, the
structure is immersed into photolithography 1liquid. The
exposed areas, i.e., the areas in which path holes are to be
formed, on the substrate are dissolved to form the windows 133
and 134 since those areas are not hardened (Fig. 38(b)).

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

As described above, the silicon dioxide pattern 13la
formed on one side of the substrate covers the silicon dioxide
pattern 131b on the other side thereof (Fig. 38(c}).

The structure is etched in an agueous solution of
potassium hydroxide of approximately 17 % in density, kept at
a fixed temperature, for example, 80°C. In the etching

process, only the portions of the silicon dioxide film
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corresponding to the windows 133 and 134 are etched away at the
rate of 2 pm/min., with the patterns 13la and 13lb 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 (111l).

The patterns 131la and 131b formed on the obverse and
the réverse side of the silicon single-crystal subst;ate 130
are sized such that one pattern covers the other patéer, viz.,
the boundary of the etching protecting pattern defining a
position of the wall is positioned at a location ocutside the
boundary of the etching protecting pattern that is lccated
against the former etching protecting pattern in a mirror image
fashion. Accordingly, at the completion of the etching
piocess, the wall of a formed path hole 135 is defined by the
pattern 131b of which the boundary is positioned outside (Fig.
38(d)).

For this reason, even if the alignment of the patterns
on the obverse and the reverse side of the substrate is not
exact, the etching is carried out while being defined by the
larger window 134.

When anisotropic etching process is carried out using
a8 pattern with only one window 136 (Fig. 38(e)), the etching
progresses along a specific crystal axis. As a result, the

etching progresses while being defined by the window 136,
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thereby to form a concavity 138 trapezaidal in cross section on
the window-formed side of the structure (Fig. 38(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. 3%a.
As séen from the figure, the opening area of the slit that
faces the vibrator plate 10 is small. Thereforé, a large

contact area is secured between the spacer and the vibrator

on

plate 10 which receives force from the piezoelectric vibrating

members at the time of ink expelling. Further, mechanical
strength of the partition walls 111 and 112 is increased on the
side of the structure not having the bridges 95 and to be
fastened to the vibrator plate 10.

In the above-mentioned embodiment, the slit is long
enough to cover the full ﬁeight 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 required, as shown in Figs. 40a and 40b,

narrow windows 122a and 122b, and 122c and 122d for fogﬁgggmghgﬂ

eet Has Been Replacet

1l

|

i



Mhen ani sotropic etching process is carried out using a pattern with only
one w ndow 186 : (qﬂE [ he etching progresses along a specific
crystal axis géghggméggu kxt1e et ching progresses while being defined by

t he wi ndow 1B6 08 JUN 1998

- 40 -

REPLACHWENTSHEET

slits are formed on the patferns on both sides of the silicon
single-crystal substrate. The slits are formed by etching the

- silicon single-crystal substrate from both sides thereof using
the windows. In this case, the opening areas of the top and
the bottom end of each slit are equal to each other, as shown
in Fig. 39b.

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

In the above-mentioned embodiment, the partition walls
horizontally defining the pressure generating chamber are
uniform in thickness. However, the narrow spaces 110 may be
constructed deviated to one pressure generating chamber as
shown in Fig. 41. 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-méntioned embodiments, the so-called face
ink jet printer head in which the nozzle plate, the spacer, and
the wvibrator - 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
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the end faces of the pressure generating chambers (when
longitudinally viewed).

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

Fig. 42 is an enlarged, perspective view showing a key
gorti;n _of an ink jet printer head according to a third
embodiment of the present invention. In Fig. 42, a nozzle
plate with nozzle openings 2i0a,a spacer 200, and a vibrator
plate 21}Jﬁre stacked to form ink flow paths. The spacer 200
is made of a siliéon single-crystal having the crystal face
vertically oriented in (110). Spaces
which substantially determine the volumes of the iﬁk flow paths
of pressure generating chambers 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 tempered
by a protecting film (not shown) in which impurity atoms are
added to silicon by thermally diffusing oxygen atoms, thereby
improving the resistance properties of the ink path against ink
and the affinity thereof with ink. The protecting film is not
essential to the present invention. When ink used is properly
selected or adjusted, there is no need of using the protecting

film.

1This Sheet Has Been R

il IHIIIH i




the wi ndowformed side of the structure (Fig. 36 QU% “Wien slits
are thus f4rgesl dpesvTSQieopilc etching  process ?Tmek @SBeemd{eMaEhQG t hat
is fornmed of ] si des of the substrat onIy
the side thgreof to U é §tdned to the nozzle plat e
resultant slfitls 88 é QH@B d{tfapezoidal in cross section as S omn In Fig.

37a. . ]
. - 42 -
LL REPLACEMENT SHEET

The ink supply path,202 is triangular (shaped like V)
in cross section, and its volume is smaller than that of the
pressure generating chamber 201 contoured rectangularly. Flow
resistance of the ink supply path 202 is larger than that of
the pressure generating chamber 201, thereby improving the
efficiency of forcibly discharging ink droplets. At the time
of ink expelling, the quantity of ink flowing into the nozzle
210 is increased, while at the same time the quantity of ink
flowing into the reservoir 203 from the ink supply pﬁth 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 (1ll1l) faces slanted
parallel to the <110> axis. The space for the ink supply
path 202 is located at the acutely angled corner of the
parallelogram of the pressure generating chamber 201, in order
to secure a smooth flow of ink and a smooth discharge of ink
bubbles.

A method of manufacturing'the ink jet printer head thus

now
structured will,be described.

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

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

oriented in (110), is heated at 900 to 1100 °C , and placed in
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high temperature gas of oxidizing agent, such as oxygen or
agqueous vapor, thereby diffusing oxygen atoms in the surface
region of the substrate. In this embodiment, through the
thgrmal oxidizing process, a £ilm 230 made of silicon oxide,
1.7 um thick, was formed. The silicon dioxide film 230 is
used as a mask in the step of anisotropic etching process to be
given later. Any of other methods than the thermal oxide
proce;s; such as CVD (chemical vapor deposition) method, an ion
implahtation method and anode oxide method, may be used for
forming the £ilm 230. The silicon substrate film may be
replaced by a silicon nitride £film, a called p-type silicon
film added with boron or gallium atoms, or a called n—éype
silicen film added with arsenic or antimony atoms.

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

a thickness of .
200 o£4,0.18 mm .. was used.

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

‘After the resin resist is remqved, a mask pattern of
the silicon oxide film 230 that is patterned in the previous
process step appears on the substrate as shown in Fig. 43(a).

A window 231 is a location for the pressure generating chamber

1This Sheet Has Been

T



- 44 -

201. A window 232 is a location for the ink supply path 202.
A window 233 is a location for the reservoir 203.

The silicon single-crystal substrate 200 is etched by
anisotropic etching process, using an etching liquid in which
the etching rate varies depending on the crystal face
orientation, such as an aqueoué solution of sodium hydroxide or
an aqueous solution of potassium hydroxide. The anisotrcpic
etchiﬁg_process ends in a state sﬁown in Fig. 43(c) through a
state shown in Fig. 43(b). Specifically, the (111) £ace
vertical to the (l110) face of the surface of the silicon
single-crystal substrate 200 and the (111) face slanted to the
same appear in the window 231 after it wundergoes the
anisotropic etching process. A slanted (111) face appears also
in the window. The anisotropic etching process is further
continued. Then, the slanted (1l1l1) face disappears and a
vertical (111) face appears., Through the above process
steps, spaces 20la each of which substantially determines the
volume of a pressure generating chamber 101, spaces 202§ 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 imme;sed for about

90 minutes in an aqueous solution containing sodium hydroxide

1This Sheet Has Been Repl
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of 20 wgt. %, kept at 80 °C. The resultant structure was'as
shown in Fig. 43(c). .

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 space 203a
to be.thevreservoir are removed by an isotropic etching liquid,
such as an agqueous solution of fluorine oxide. Tﬁe silicon
oxide film 230 is also removed in the etéhing process using the
isotropic etching liquid.  The etching rate in this etching
process is substantially equal to that in the etching process
for the silicon single-crystal substrate 200. Accordingly, the
thickness of the partition walls 234 is set at- 1.7 um, equal to
that of the silicon oxide film 230. Impact by ultrasonic
vibrations, in place of the isotropic etching liquid, may be
used for removing the partifion walls 234.

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

With provision of the partition walls 234 (234a and

234b) for partitioning the spaces 20la and 202a, there is
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eliminated an excessive etching at the acut2ly angled corner of
the parallelogram that secondarily occurs ia 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 single
part - (silicon single-crystal substrate 200). With this
strucéu;e, the precise shaping as one cf 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 (l11) 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
manufactured.

Fig. 44 is a perspective view showing a key portion of
an ink jet p;inter head according to yet another embodiment of
the present invention. In this embodiment, each pressure
generating chamber 201 is provided with a piural 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 space
201la to be the pressﬁre generating chamber 201. With this, a
smooth flow of ink and a smooth discharge of ink bubbles are

ensured.
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Fig. 45 is a perspective view showing a key portion of
an ink jet printer head according to a further embodiment of
the present invention. Spaces 204a which substantially
determine the volumes of the nozzle opénings are also formed
like the spaces 202a of the ink supply paths 202. The nozzlé
openings 204 are locatéd on & peripheral edge of the silicon
single-crystal substrate 200. The ink jet printer head of this
embodiment is af;;lled edge ink jet printer head. Since a
plural number of the'nozzle openings 204 are arrafed on one
side face of the silicon single-crystal substrate 200, the
peripheral edge 200a is finished to be flat by cutting means,
such as a rotary grinder.

As described above, the plural number of the ink supply
paths 202 can stably be manufactured so as to have a desired
flow resistance. Those ink supply paths, together with the
pressure generating chambers 201, can be formed in the silicon
single-crystal substrate 200. Each ink supply path 202 is
supported at both ends by the ink supply paths 202 cn both
sides thereof, and similarly each pressure generating chamber
201 is supported at both ends by the pressure generating
chambers 201 on both sides. Therefore, easy handling of the
silicon single-crystal substrate 200 after the ink supply paths
202 and the pressure generating chambers 201 are formed therein
is realized although the silicon of the silicon single-crystal

substrate 200 is fragile.
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1.

An ink jet printar head comprising:

spacer (4, 200) including path holes (5, 90) far forming
pressure ganarating chamber (48, 201) continuaus to
nozzle openings (2, 210a, 204), ink supply patha (104,
202}, and resexvoirs (203);

a cover maember (1, 210} for ssalingly covering the
pressure ganerating chamber (48, 201); and

pressure genarating means (30) for genarating presaure i
the prassure generating chamber (48, 201) in accordance

with print data,

a film of silicon Aioxide (61, 66, 131, 230) formad on
the surface of the spacer (4, 200)

wharain the spacer (4, 200} includes a silicon single-
crystal substrate (§38, 72, 130) vertically orianted in
(110) which is procassed by anisctropic etching {n such a
mannexr that one of the walls (Sa, Sb) defining the path
hole (5) forming the pressure generating chamber (48) is
continuous to one of the walls (7a, 7b) defining a path

hole (7) forming the ink supply path (104, 202).

‘The ink jet printer head according to claim 1, wherein an
end portion of the path hole (5, §0) fcrmxng the pressure
generating chamber (48, 201) is defined hy four wide
walls (Sa, Sb, Sf, Sg) connected to one another at cbtuse

angles. (83, 84, 63).

The ink jet printer head according ta claim 1 or 2,
whe:e%n an end portien of the path hole (S, 90) forming
the pressure generating chamber (48, 201) is defined by
six wide walls (Sa, Sq, SE', SEL’, S£€2’, Sb) connected ta
one another at obtuse angles (84, 85 8§, 87, 84).
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The ink jet priacaz head according €3 any qf the
preceding claims, whersin an ead porticn of the path hale
(5, 90) forming the grassurs geaerating chamberx (43, 201)
is defined by seven wide walls (Sa, Sb, S£, Sg, Sh, S£l,
§£2) connectad tao one ancther at cbtuse angles (84, 65,

gs, €7, €8).

The ink jet printar head accexding to any of the
p.e cading claims, whersin one gf the walls (7a, 7b)
da f;ning the end of the path hcle (7) £for the ink supply
path - (202) wheze the path hole (7) is connected to the
resezvoir (2Q3)  «consists of two walls (6b, E&c) so that
the diameter of the end of the path hele (7) cennecting
to the resezvoir (203) gzadually incdr=ases towazd the
reservoixz (203).

The ink jet printexr head accoxding to any of the
preceding claims, wherein ome of the walls (72, 7b )
defining the end of the path hole (7) for the ink supply
path (104,202) where the path hole is connected to the’
pressﬁre generating chamber (48) consists of two walls
(5d, Se, 9Q0e, 30f) so that the diameter of the end of the
path hole (7) connecting to the pressure generating
chamber (48) gradually increases toward the pressure
generating chamber (48).

The ink jet printer head according to any one of the
preceding claims, wherein a plurality of rectangular
indentations (50) for receiving excessive adhesive are

disgosed arouad the path holes (S, 6, 7, 90, 9L, 92).

The ink jet prianter head according to claim 7, wherein
the opening area of each of cthe Lindentations (50) is
0.001 mm?® co 0.0L mnt,
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9. Tha ink jet p::‘.n:é: head accsording te any cne ci tha
praceding claims, wherszin a bridgs means (§3, Ll02) is
Ecrmed aczsoss cne or merse of the path heles (s, 7, S0,
$2) forming the pressuzs generating chamber (48, 20Ll) and
the iak supply path (10¢, 202) xesgectively.
10.. A method of processing a silicen single-crystal substratas
in use with an iank jet printerz hesad, cemprising the 'ste:.:s

cf:

eraing an-sctrcc'.c etching preotscting patterns made of
- silicon dioxide, coincident in ccnu.gu...a.ti.cn with
patterns for forming path heles in 2 mirror image manner
on an obverse and a reverse side of the silicon single-

crystal substrate vertically oriented in (110); and
forming the path holes from the obverse and the reverse
sides of the silicon single-crystal substrate by
anisotropic etching process, wherein the anisatropic
etching pro:eccxng patterns include am.sotrog:.c: etching
protecting patterns which are positicned at one side of
the silicon single-crystal substrate to form a first path
hole and a second path hole which is narrower in width
than the first path hale and which are aligned with each
other, and a blade-like etching protecting pattern is
formed in parallel with the second path hele while being
substantially aligned with a wall of the second path
hole.

Hn
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Qn an Qbversse and a ravarss

crystal substrate vertically ozisntsd in (L10); and

foarming the path hcles frem the cbverses and the raverss
sides of the silicon single-crystal -substrata by

anisgtzopic etching precess,

wherein the anisctzogic: etching pzo
iaclude anisctropic etching protecting pattezns which ars

positicned at cne side of silicon single-crystal
substrate to fomrm a first path hole and a secend path
hole which is narrower in widch than the first path hole

and which are aligned with each other, and a blade-like
etching protecting pattern is formed to align with the
longitudinal direction of the second hole and which is
parallel to the second path hole.

12. The methed of processing a silicon single-crystal
substrate according to claim 10 ‘or 11, wherein one cf the
-silicon .dioxide patterns located in a mirror image
. fashion is coincident in position with the path hole
formed by the etching process, while the other is
dislocated to the inner side of the path hole to be

formed.

13. The method of processing a silicon single-crystal
substrate according to one of claims 10 to12-, wherein an
end region requiring a smooth wall in the first path hole
is qfi.sloca.ted toward the second wall and an etching
protecting pattern with a protruded part is formed

therean.
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14. The mechod of processing a silicon siagle-crystal
substrate according ta c¢laim 13 , wherzin the resultant

structure is procassad by anisctropic etching process.
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INK JET PRINT 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
pr.: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 walls
of a path hole for forming the ink supply path. Walls
defining the path hole for forming a pressure generating
chamber (48), which are located in the vicinity of a
nozzle opening (2), are connected to each other at an
obtuse angle. As a result, the ink supply path serving as
a narrow path for ink flow and the pressure generating
chamber (48) are formed as smooth flow paths. The walls
in an area in the vicinity of the nozzle opening (2)
where ink tends to stay are substantially equally
distanced from the nozzle opening (2). A smooth flow of
ink is ensured.

FIGURE 8
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"be descri bed. Fig. 40 is an enlarged, perspective view show ng a
key portion of an ink jet printer head according to a third enbodi nent of
t he present invention. In Fig. 40 , a nozzle
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plate with nozzl e openings 210a, a spacer 200, and a vibrator plate 211
are stacked to formink flow paths. The spacer 200 is nmade of a silicon

si ngl e-crystal having the face wvertically oriented in (110).
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I mproving the resistance properties of the ink path against ink and the
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The ink path 202 is triangular (shaped like V) in cross section, and its
volunme is smaller than that of the pressure generating chanber 201
contoured rectangularly. Flow resistance of the ink supply path 202 is

| arger than that of nerating chanber 201, thereby inproving
t he
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efficiency of forcibly discharging ink droplets. At t he time —of-+nk .
expel ling, the quantity of ink flowing into the nozzl e Thid EpedtSy, g@creased
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to secure a smooth flow of ink and a snooth di scharge of

\ _ _ ( i bn bubbl es.
A met hod of manufacturing the ink jet printer head thus g P B e
be descri bed. Figs. 41 (a) to 41(d) show a set of di ” Ih g
a sequence of steps for manufacturing the ink _ jet printer

- 28 -
REPLACEMENT SHEET
0§ JUN 1398
REPLACFMINT SHFFT
202 (202a)
203(203a) | 210

201(201a°



according to the present invention.
substrate 200 in which the
vertically oriented in (110),
in

REPLAGEMENT SHEET
08 JUN 1358

FIG. 43 a-
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of this, the pressure generating chambers

e
caﬁ be uniformly formed.

This spacer has the following problem, however. The
walls formed by the etching are limited in 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 bubbleés
in the pressure generating chambers.

The spacer formed of the silicon single-crystal
substrate is advantageous in that the pressure generating
chambers may be reduced in size, but is disadvanﬁageods 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 headi Further, it is difficult.
tu secure a compliance sufficient for effectively utilizing.fhe
pressure energy generated by the piezoelectric vibrating

elements and the heat generating means.

It is, therefore, the object of the present invention to
provide_@@'ink jet printer head and a method for producing
same which avoid the above-metioned drawbacks. This object is
solved by the ink jet printer haed of any one of the
independent claims 1, and the method of processing a silicon
single=crystal substrate according to any one of the
independent claims 10 or 11. Further advantageous features,
aspects and details of the invention are evident from the
dependent claims, description and drawings.

Tbe' Qlaims are intended to be understood as a first non-
limiging approach of defining the invention in general terms.

The invention provides an ink jet printer head in which a
spacer for setting a cover member and the nozzle plate with
nozzle- openings ‘at a fixed distance apart and having pressure
generating chambers, reservoirs, and ink supply paths

connecting them, is formed of the silicon single-crystal
Substrate. '



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

“inplantati @}o e oxide nethod, nay be used for formng the
film 230. ] RH{HEA-C&MEI 0 bdtrate filmmay be replaced by a silicon

nitride filr'r%—u cal T ed B yde silicon filmadded with boron or gallium
e

atons, or ja aélte@m-m sgilicon filmadded wth arsenic or antinony

at ons. B REPLACEMENT SHEET
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According to a first aspect of the present invention, "an ink
jet printer head is provided using a spacer formed of a silicon
..single-crystal substrate, so that smooth flow paths from the
ink supply paths (tending to serve as narrow paths) to the
pressure generating chambers may be formed ensuring smooth

supply of ink to the presslre generating chambes and smocth
discharge of ink bubbles.

Another aspect of the present invention is to provide
a novel ink jet printer head which allows the spacer thereof
formed of a thin silicon single-crystal substrate

which is preferabl
approximately 2)60 um thick to easily be handled.

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

According to a specific aspect, there is provided an ink
jet printer head having a nozzle plate hafing an array of
nozzle openings, a spacer 'including path holes for forming
Pressure generating chambers, ink supply paths, and reservoirs,
a vibrator plate receiving vibrations of piezoelectric
vibrating elements, and the piezoelectric vibrating elements
1longitudinally vibrating in accordance with print data. 1In the
ink jet printer head, the spacer includes a silicon single-
crystal substrate vertically oriented in (110) that is

preferably .
processed by anisotropic etching process such that one of the

walls defining a path hole forming a pressure generating'



The t hi ckness of tdm.i €w4|c@m15|ngle crystal substrate is preferably 0.1 to
0.5 mMm noreg p efpraﬁ 3 mm In the present enbodi nent, the

silicon sin Ie%c;ys %#@str e 200 of a thickness qf 0.18 nm was used.
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Fig. 24 is a cross .sectional view showing the cross
sectional shape of a: bridge;

Figs. 25 and 26 are views of exemplary étching patterns
formed on the obverse and the reverse side of the silicon
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 viéw-showing a progressive state of
the etching that is carried out using the above etching
patterns;

Fig. 29 'is a plan view showing another path hole

forming the pressure generating chamber;

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

Fig.._zLis'a cross sectional view showing the nozzle
pPlate, 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;



substrat e, }hEL-o 3lng _a pattern thereon. The silicon oxide film 230

is selectiVe HYV@AGEIWNT&‘S?EET' ing acid etching |iquid, such as an agqueous
sol ution of ‘“nrlnp x| After the resin resist is renoved, a

mask pat terfn Jofy L g s fﬂh@“Qr oxide film 230 that isH@@LAEEMS@TSHEt he

previ ous gr s on the fubstrate as sho

Fig. 33 is a diagram schematically showing the

structure including a pressure generating chamber, the
illustration showing deformation of the chamber partitioning

walls when a pressure is applied to the chamber;

Figs. 34aand 34bare a plan view and a cross sectional

view showing another spacer;

Figs._35a and_35b- are plan views showing patterns
formed on the obverse and the reverse sides of a spacer formed
of a silicon singie-crystal substrate when the spacer is
processed by aniso;ropic etching process;

Figs. 36 (a) 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 etchxng process when viewed in the
longitudinal direction of the pressure generating chamber,

Figs. 38a and 38b are 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

S—

spacef;

Figz:ﬂl_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. 41 (a) to (d) are pIlan views showing a method of
manufacturing the spacer of the ink jet printer head

according to the present invention;



A w ndow 231 is_a location far e pressure generating chanber
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Fig._ig_is an enlarged, perspective view showing .a Eey
portion of an ink jet printer head according to a further
embodiment of the_present invention; and

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

embodiment of the present invention.

In Fig. 1 showing an embodiment of the present

invention, linear opening_arrays 3 each consisting of nozzle
openings 2 are formed in a nozzle plate 1. .These nozzle
openings 2 are linearly arrayed at §gch pitches as to form a
print density of 180 DPI.

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

A vibrator plate 10 cooperates with the spacer 4 and

the nozzle plate'l to form the pressure generating chambers.

As shown in Fig. 3, each ot the pressure generating chambers
is formed of an island 11 and a thin portion 12. The island
11, in contact with the top of a piezoelectric vibrating
element 30 contained in a piezoelectric vibrator unit 21, has

such a rigidity as to
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If the etching process is,fprther continued, the :;fqe
of the bridge is etched to be flat. However, the etching
process is stopped when the regions around the nozzle opening
and the ink sﬁpply path are shaped as intended. Accordingly,
the etching protecting patterns 96, 99, aﬁd 100 are deﬁermined
by the timing of the stop of the etching process.

In the above instance, the bridge_95 is formed across
the path hole 5 to be the'gressure generating chamber 48. If

- required, it may be formed across the path hole 7 to be the ink
supply path, as shown in Fig. 29. As shown, 'a bridge 102
triangular in cross section is formed across the path hole 7.
A method similar to that used for forming the bridge 95 may be
used for forming the bridge 102.

Also in this instance of the embodiment, the walls 7a
and 7b of the path hole 7 are supported by the bridge 102.
Because of this structure, the width size of ;Re path hole 5
and the path hole 7 can be maintained throughout-the assembling

stage.

An ink jet printer head accoxrding to a second
embodiient of the present invention will be described with
reference to Figs._ég_and_gl; As shown,lin the ink jet printer
head, pressure generating chambers 48 are partitioned by unique
chamber partitioning means. The chamber partitioning means
consists of a narrow space 110 defiﬁed by a couple of very thin
partition walls 111 and 112.

A spacer used for the ink jet printer ﬁead is
illustrated in Figs.’ 32a and éZb. As shown, the narrow spaces

110 partitioning the pressure generating chambers 48 take: the



t he et ching rzuﬁiP&éGEMENBéﬁﬁﬁal1g on the crystal face orientation, such as
an aqueous so rom-of_soar um hydroxi de or an aqueous sol ution of .
0

pot assi um hyd 0‘ ? o 0hdagdni ropic etching. process ends in a state
shown in Fig.{4} c t hr ough state_gﬂoyn in Fig. Hﬁﬁavgﬁfgﬂéﬁpally,
the (111) fage :

forp of slits 114. Each slit 114 is extended from the_;nk

supply path 7 to a location beyond the nozzle opening 2. 1In

v)

the embodiment, the partition walls 111 and 112 of the chamber

partitioning means are 15 um thick. The partitioning walls 111
and 112 have such a thickness as to allow these walls to be
resiliently deformable when the walls receive a pressure caused
when a pressure is applied to ink for ink discharge. A slanted
bridge 95, triangular in cross section, traverses each pressure
generating chamber 48 in a state that it connects the partition
walls 111 and 112 of the adjacent cahmber partitioning means,
as shown. The bridge 95 is located at the central part of each
pressure generating chamber 48 when viewed in the- longitudinal

direction of the chamber.

The bridge 95 is located on the side of the spacer 4,
closer to the noizle plate 1, and spaced from the vibrator
plate io at a fixed distance. Provision of the bridge 95 is not
obstructive in the flow of ink within the pressure generéting
chamber 48. The thickness of the bridge 95 is selected to such
an extent as to prevent the partition walls 111 and 112 from
falling toward the narrow space 110 or éhe pressure generating
chamber 48. In this embodiment, the height from the base of
the'triangle (of the cross section of the bridge 95) to the
vertex is aﬁproximately 70 um.

In the ink jet printer head .thus constructed, the
piezoelectric vibrating elementé 30, which vibrate in a
longitudinal vibration mode, are fastened at the first ends of
the pressure generating chambers 48 and attached at the second
ends thereof to the islands 11 of the vibrator plate 10. Drive
signals based cn'prini data are applied to the print head. 1In

response to the drive signals, the piezoelectric vibrating



vertical toft ; ?ag the surface of the silicon single-crystal
“substrate 2 OﬁaﬁgiiﬁEN 1 ﬁﬁ ce slanted to the sane appear in the w ndow
. 231 after i yndergoes the fjani sotropic etching process. A slanted (111)
:

face appearg 4l Sol 0GTt1838 window. The ani sotropic et AEPLACEVIOR e SPiEE
further coftilnued _ Then., {hé slanted {B}1) face di sappears and a -

elgments 30 longitudinally expand to compress the pressure

generating chambers 48 to cause pressure in the chambers.”
The préssure_generated expands the pressure generating

chamber 48, thereby bending the partition walls 1lll and 112

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

and causing irik to shoot forth through the nozzle opening 2.
The narrow spaces .110 of the chamber partitioning

means, which partition 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 11l and 112 to the
adjacent pressure 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 noz;le
openihgs 2. The second slit 115 is continuous to the slits 114
as the narrow spaces 110 and opened at the opening 1152 to the
air. |

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

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

be opened to the air at both ends of the spacer individually.



verti cal
20l1a each of whjc
generating cha

(111)

dlf@mpgggnp.s EET Through the above process steps, spaces
| '{y determ nes the volune of a pressure

the volune of tlhel inl atjh 202,_ ggd. a space 203a whic

35b are plan views showing etching

+hg the spacer 4 structured as mentioned

patterns for man

above by etching a silicon single-crystal substrate of the
crystallographic axis (110) by an anisotropic etching mechod.

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 35 so as to secure the
free flow of ink in the pressure generating chamber 48. 1In
Figs; :gE__and .EEE' the hatched areas indicate etching
protecting films. . -

In Fig._ggl,'zeference numerals 120a and 120b indicate
windows for défining etching areas to secure spaces for the
pressure generating chambers 48 on one side of the silicon
single-crystal substrate. In Fig. 35b, reference numerals 120c
and 120d also indicate windows for defining etching areas to
secure spaces for the pressure generating chambers 48 on the
other side of the silicon single-crystal substrate. A
protecting £film 12l1a for protectihg an area'cor;esponding to
the bridge 95 against the etching is.formed between the windows
120a and 120b. A small protecting f£ilm 121b for resisting the
etching to a certain degree is formed in the etching pattern on
the other side of the silicon single-crystal substrate.

Narrow windows 122a and 122b are formed in the etching
pattern on the nozzle opening side of the silicon single-

crystal substrate (Fig. 35a.). The narrow windows 122a and 122b

ranges between the windows 120a and 120b for forming the slits

114 each defined by the partition walls 111 and 112.

s [20Ra each of which subsﬂ@ﬁumgquwT%ﬁhﬁ&nines



vol une of the reservoir 203 are formed while being partitioned by vertical

(111) faces 234 e br esent enbodi nent, for the ani sotropic
etching, the SI$$%6§E§FN3 %ﬁgﬁhqtal substrate 200 was i mrersed for about
90 m nutes in &nfaqueous sol utgorn contalnlng sodi um hydr oxi de
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Windows 123a and 123b for the path holes 6 of the
reservoirs are formed closer te the ink supply paths to 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,
respectively. These narrow windows l24a and 124b are for
etching the path holes 7 for the ink supply paths. Etching
protecting patterns 125 are used for checking the progress of
an excessive etching into relatively narrow spaces, which is
caused by the edging effect in the anisotropic etching process.

Of those windows 120a to 120d for the pressure
generating chambers, the windows 120a and 120b on one side of
the silicon single-crystal substrate (Fig'_éiil are larger than
the windows 120c and 120d on the other side (Fig. 35b ) or vice

. wversa. The same thing is correspondingly applied to the
windows 124a and 124b. '

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

An anisotropic etching process will be described.

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

the thickness required for the spacer), for example, is
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prepared. A silicon dioxide film 131 of 1 um thick, for
example, is formed on the entire surface of the silicon single-
crystal substrate 130 by thermal oxidation process. The 1l um
thick of the f£film %31 is sufficient for the £ilm 131
functioning‘ag‘a_protecting film against an anisotropic etching
liquid (Fig._s_s_g_)); |

Photo-setting photosensitive layers are formed on the
silic;n dioxide film 131 on the obverse and the reverse side of
the siliéon single-crystal substrate 130. "After the patterns
(Fig. 352) are positioned on one side of the substrate and the
patterns (Fig. 35b) are positioned on the other side thereof,
then the structure is exposed to light. Thereafter, the
structure is immersed into .photolithography ligquid. The
exposed areas, i.e., the areas in which path holes are to be
formed, on the substrate are dissolved to form the windows 133

and 134 since those areas are not hardened (Fig.'36.(b)).

In this state, the structure is etched using hydrogen
fluqri@e liguid. The silicon dioxide £films 131 within the
windows 133 and 134 are removed. |

As described above, the silicon dioxide pattern 1l3la
formed on one side of the substrate covers the silicon dioxide
pattern 131b on the other side thereof (Fig. 36.(c}).

The structure is etched in an aqueoué solution of
potassium hydroxide of approximately 17 % in density, kept at
a2 fixed temperature, fof‘“example, ga°c. In the etching

process, only the portions of the‘ silicon dioxide film



of 20 wt. % kept at 80 [err]C. The resultant structure was as shown in
234a, dependi ng upon the vertical

Fig. 41(kF) Fion wal |

(111) faf &EPi{\%fFME%fﬁ?'ﬁEg ng the spaces 20la to be the pressure
gener ati pg{chanbers 201 janp the spaces 202a to be the
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corresponding to the windows ,133] and 134 are etched away at the
rate of 2 um/min., with the patterns 13la and 131b cE'the
silicon dioxide film as protecting films. In this case, the
etqhing 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 (1l11).

‘The patterns 1l3la andl131b formed on the obverse and
the réverse sidg of the-silicon single-crystal subst;ate 130
are sized such that one pattern covers the other patéer, viz.,
the boundary of the etching protecting pattern defining a
position of the wall is positioned at a location cutside the
boundary of the etching protecting pattern that is located
against the former etching protecting pattern in a mirror image
fashion. Accordingly, at the completion of the etching
piocess, the wall of a formed path hole 135 is defined by the
pattern“13lb of which the boundary is positioned outside (Fig.
(@)

For this reason, even if the alignment of the patterns
on the obverse and the reverse side of the substrate is not
exact, the etching is carried out while being defined by the
larger window 134. -

| When anisotropic etching proceés_is carried out using
& pattern with only one window 136 (Fig. 36 (e)), the etching
progresses along a specific crystal axis. As. a result, the

etching progresses while'beiné defined by the window 136,



I nk- supply paths, and a partition wal | 234b for partitioning the spaces
202a to be _the ink—stppts éfUhS and the space 203a to be the reservoir

are renove ﬁﬁpﬁﬂEENENﬁrhmﬁ @tching liquid, such as an aqueous sol ution
of fluorin X-ge—The—sTi qon oxide film230 is also renpved in the

etching praqcdgssy ys . sotropic etching liquid. The etching rate in
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thereby to form a concavity 138 trapezeoidal in cross section on
the window-formed side of the structure (Fig.EE;LE)).

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.jﬂzé;
As séen from the figure, the opening area of the s}it that
faces the vibrator plate 10 is small. Thereforé, a large
contact area is secured between the spacer and the vibrator
plate 10 which receives force from the piezoelectric vibrating
members at the time of ink expelling. Further, mgchanical-
strength of the partition walls 111 and 112 is increased on the
side of the structure not having the bridges 95 and to be
fastened to the vibrator plate 10.

In the above-mentioned embodiment, the slit is long
enough to cover the full height of the pressure generating
chaﬁbe:. -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 required, as shown in Figs. 38a. and 38b,

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



process is substantially equal to that in the etching process for the
silicon single-crystal substrate 200. Accordingly, the t hi ckness of the

partiti o at 1.7 [err]m equal to that of the silicon
oxi de fi mmgam@EMENﬁﬁgﬁﬁﬁL3 ul trasonic vi brations, in place of the

i sotropi ¢ gedmgTTqui d| fay be
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Lsifts"are formed on the patterns on both sides of the silicon
single-crystal substrate. The slits are formed by etching the
- silicon single-crystal substrate from both sides thereof using
the windows. 1In this case, the opening areas of the top and
the bottom end of each slit are equal to each other, as shown
in Fig._gzg;

When this slit forming method by processing the
substrat;' from both sides thereof by anisotropic etching
process is applied for a case where the nozzle'openings are
arrayed at relatively large pitéhes, it is easy to obtain the
compliance as intended.

In the above-mentioned embodiment, the partition walls
horizontally defining the pressure generating chamber are
uniform in thickness. However, the narrow spaces 110 may be
constructed deviated to one pressure generatir_tg 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 priﬁter head in which the nozzle plate, the spacer, and
the yibr;tor 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



used for renoving the partition walls 234. Then, a protecting film
(not shown) is fornmed for obtaining a desired resistance properties of the
TR desired affinity thereof with ink. The type

ink path & NS
of the prctggllt’%MﬁNTnSHEE'lbe formed and the neans for fornming the
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protecting ffiTmare THe sang as those-iqithe step fgﬁ
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lehe.end faces gf the pressure .generating chambers (when
longitudinally viewed).

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

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

embodiment of the present invention. In Fig.40 , a nozzle

plate with nozzle openings 2ioz a spacér 200, and a vibrator
plate 211 are stacksd to form ink flow paths. The spacer 200
is made of a silieon single-crystal having the.crystal face
vertically oriented in (110). Spaces

which substantially determine the volumes of the ink flow paths
of pressure genérating chambers 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 tempered
by a protecting film (not shown) in which impurity atoms are
added to silicon by thermally diffusing oxygen atoms, thereby
improving the resistance properties of the ink path against ink
and the affinity thereof with ink. The protecting film is not
essential to the present invention. When ink used is properly
selected or adjusted, there is no need of using the protecting

film.
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filmby the thermal oxide process. Wth provision of the partition
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-—-—%he—fnk-suppI?'path,202 is triangular (shaped like V)
in cross section, and its volume is smaller than that of the
pressure generating chamber 201 contourea rectangularly. Flow
resistance of the ink supply path 202 is larger than that of
the pressure generating chamber 201, thereby improving the
efficiency of forcibiy discharging ink droplets. At the time
of ink expelling, the quantity of ink flowing into the nozzle
210 is increased, while at the same time the quantity of ink
flowing into the reservoir 203 from the ink supply pﬁth 202 is
decreased. The space to be the pressure generating
chamber 201, contoured parallelogram, is enclosed by the (1lll)
faces parallel to the crystal axes <211>. The space . to be
the ink supply path 202 is defined by the (1l1l) faces slanted
parallel to the <110> axis. The space for the ink supply
path 202 is located at the acutely angled corner of the

.parallelogram of the pressure generating chamber 201, in order
to secure a smooth flow of ink and a smooth discharge of ink
bubbles.

A method of manufacturing the ink jet printer head thus

structured'will now be described.

Figs. 41 (a) to 4l1(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
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el i m nated an excessive etching at the acutely angl ed corner of
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| —high—tempE@fature gas of oxidizing agent, such as ongen or

aqueous vapor, thereby diffusing oxygen atoms in the surface
region of the substrate. In this embodiment, through the
thgrmal oxidizing process, a film 230 made of silicon oxide,
1.7 pm thick, was formed. The silicon dioxide film 230 is
used as a mask in the step of anisotropic etching process to be
‘given later. Any of other methods than the thermal oxide
proce;s; such as CVD (chemical vapor deposition) method, an ion
implahtation method and anode oxide method, may be used for
forming the £ilm 230. The silicon substrate film may be
replaced by a silicon nitride filﬁ, a called p-type silicon
film added with boron or gallium atoms, or a called n-éype
silicon film added with arsenic or antimony atoms.

| The thickness of the silicon single-crystal substrate
is preferably 0.1 to 0.5 mm, more preferably 0.15 to 0.3 mm.
In the present embodiment, the silicon single-crystal substrate
200 of a thickness éf 0.18 mm was used.

_ Resin resist is applied to the silicon single-crystal
substrate, thereby_forming a pattern thereon. The silicon
oxide £ilm- 230 is selectively etched away using acid etching
liquid, such as an aqueous solution of fluorine oxide.

'After the resin resist is removed, a mask pattern of
the silicon oxide f£ilm 230 that is patterned iﬁ the previqus
process step appears on the substrate as shown in Fig. 41 (a).

By —

A window 231 is a location for the pressure generating chamber



the parallelogramthat secondarily occurs in the anisotropic et chi ng
process. As a result, the spaces 20la and 202a can be shaped as desired.
It is noteq—that—the—hk-supgly paths 202 and the pressure generating
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201. A window 237 is a location for the ink supply path 202.
A window 233 is a location for the reservoir 203. |

The silicon single-crystal substrate 200 is etched by
anisotropic étching prodess, using an etching liquid in which
the etching ‘rate varies depending on the crystal £face
crieﬁtation, such as an aqneoué solution of sodium hydroxide or
an aqueous solution of potassium hydroxide. The anisct:cpic
etching.process ends in a state shown in Fig. 41.(c) through a
state shown in Fig. 41(b). Specifically, t‘he' (111) f£face
vertical to the (110) face of the surface of the silicon
single-crystal substrate 200 and the (l11) face slanted to the
same appear in the window 231 after it undergoes the
anisotropic etching process; A slantéd (111) face appears also
in the window. The anisotropic etching process is further
continued. Then, the slanted (111) face disappears and a
vertical (11l) face appears. Through the above process
steps, spaces 20la each of which substantially determines the
volume of a pressure generating chamber 101, spaces 202; each
of which substantially determines the volume of the ink supply
path 202, And a2 space 203a which substaﬁtially determines the.
volume of the reservoir 203 are formed while being partitioned
by vertical (1ll1) faces 234.

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

90 minutes in an agueous solution containing sodium hydroxide



part (silicon single-crystal substrate 200). Wth this structure,
the precis f the advant ageous features of silicon is

vel | used| tHEPPAQEMENT BHEEIT In di scharging  characteristics of the ink paths
and | ess YVar | - product characteristics of lots. Only the (111)

faces whege t ﬁq@%‘ng rqate is | ow vvggn conpared with other crystal
faces 3 et REPLACEMENT SHEET

of 20 wgt. %, kept at 80 °C. The resultant structure was .as
shown in Fig. 4l(c).

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 space 203a
to be-the ‘reservoir are removed by an isotropic etching liquid,
such as an aquecus solution of fluorine oxide. 'I‘I:xe silicon
oxide film 230 is also removed in the etching process using the
isotropic etching liguid. <The etcﬁing 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 partiti-on walls 234 is set at- 1.7 um, equal to
that of the silicon oxide film'230. Impact by ultrasonic
vibrations, in place of the isotropic etching liquid, may be
used for removing tﬁe 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 affinity thereof with ink. The type
of the protect.mg film to be formed and the means for form.:.ng
the protecting film are the same as those in the step for
forming the mask pattern 230. It is suggestible to form a
silicon oxide film by the thermal oxide process.

With provision of the partition walls 234 (234a and

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



are left. Accor a_tolerable range within which the etching
-condi ti ons +} the ani sotropic etching process is broad.
Ext renel can be manuf act ur ed. Fig. 42 is a

per spectilv =t g la key portion of
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eliminated an;excessive etching at the acutely angled corner of
the parallelogram that secondarily occurs ia the anisotropic
etching process. As a result, the spaces 2Cla and 202a can be
.shgped as desired. |

It is noted that the ink supply paths 202 and the
pressure generating chambers 201 are integrated into a single
part - (silicon single-crystal subétfate 200). With tﬁis
structure, the precise shaping as one of the advantageous
features of silicon is well used to provids unifofm;discharging
characteristics of the ink pathé and less variation of the
product characteristics of lots. Only the (1l1l) faces where
the etching rate is low when compared with cther crystal faces
are left. Accordingly, a tolerable rangs within which the
etching conditions may be wvaried in the anisotropic etching

process is Dbroad. Extremely stable  products can be

manufactured.

Fig. 42 is a perspective view showing a key portion of
an ink jet printer ﬁead according to yet another embodiment of
the present invention. In this embodiment, each pressure
generating éhamber'zcl is provided with a piu:al number (two in
this embo&iment) 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 parailelogram of the space
201a to be the pressﬁre generating chamber 201. With this, a
smooth flow of ink and a smooth discharge of ink bubbles are

ensured.



an ink jet- printer head according to yet another 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 ment) of ink

supply pat hg F@g o be the ink supply paths 202 are
respectivel y Q@ SHEET |y and obtusely angled corners of the

paral | el ogramjof the space RH%AEEMENTSHEEF
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perspective view showing a key portion of

an ink jet printer head according to a further embodiment of
the present invention. Spaces 204a which substantially
determine the volumes of the nozzle open;ngs are also formed
like the spaces 202a of the ink supply paths 202. The nozzle
openings 204 are locatéd on & peripheral edge of the silicon
single-crystal substrate 200. The ink jet printer head of this
embodiment is a so-called edge ink 5et printer head. Since a
plural number of the nozzle openings 204 are arrayed oﬁ one
side face of the silicon single-crystal substrate 200, the
peripheral edge 200a is finished to be flat by cutting means,
such as a rotary grinder.

As described above, the plural number of the ink supply
paths 202 can stably be manufactured so as to have a desired
flow resistance. Those ink supply paths, together with the
pressure generating chambers 201, can be formed in the silicon
single-cryst;l substrate 200. Bach ink supply path 202 is
supported "at both ends by the ink supply paths 202 on both
sides theré&f, and similarly each pressure generating chamber
201 is supported at both ends by the pressure generating
chambers 201 on both sides. Therefore, easy handling of the
silicon single-crystal substrate 200 after the ink supply paths
202 and the pressure generating chambers 201 are formed therein
is realized although the silicon of the silicon single-crystal

substrate 200 is fragile.



201la to be the pressure generating chanber 201. Wth this, a snooth flow
of ink and a snooth discharge of ink bubbles are ensured.
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Fig. 43 is a perspective view showi ng a key portion of
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an ink jet printer head according to a further enbodi ment of the present
L nventi on. Spaces 204a which substantially determ ne the vol unes of
the nozzl e openings are also forned |ike the spaces 202a of the ink supply
pat hs "202. The nozzle openings 204 are |ocated on a -peripheral edge of the

silicon srﬁ%ke—eﬁysLaLmsuthrate 200. The ink jet printer head of this
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t he

enbodi ment is a so-called edge ink jet printer head. Since a plural nunber
of the nozzle openings 204 are arrayed on one
si ngl.e-crystal substrate 200,
flat by cutting neans,

side face of the silicon
peri pheral edge 200a is finished to be
such as a rotary grinder.
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As described above, the plural nunber of the ink supply paths 202 can

stably be manufactured so as to have a desired flow resistance. Those ink
suppl.y paths, together with the pressure generating chanbers 201, can be
formed i e-crystal substrate 200. Each ink supply path
202 is hds by the |r]:k supply paths 202 on b\@{EHEET
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sides thereof, and simlarly each pressure generating chanber 201 is

supported at both ends by the pressure generating chanbers 201 on both
sides. Therefore, easy handling of the silicon single-crystal substrate
200 after the ink supply paths 202 and the pressure generating chanbers

201 are |
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is realized although the silicon of the silicon single-crystal- substrate

200 is fra
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