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INK-JET TYPE RECORDING HEAD Moy

{

The present invention relates to an ink-jet type recording
head.
In an ink-jet type recording head in which dots on a

recording medium are formed from ink droplets, printing with
very high resolution can be made by reducing the ink droplet
size, but it is necessary to increase the number of noézlo
openings for the purpose of performing printing efficiently.
Particularly in the case of an ink-jet xecording head using
piezoelectric vibrators as ink droﬁiet jetting sources, it is
necessary to increase the size of pressure generating chambers
as to use the energy of the piezoelectric vibrators
efficiently. However, this is contrary to the requirement of
:edﬁcing the size ¢of the recording head.

To resolve the aforementioned problems, there is
generally used a method of setting walls partitioning adjacent
prassure chambers in such a manner ag to be as thin as possible
and of making tha shapae of tha prassure generating chambers
larger in the direction of the length thersof to thereby

increase the wvolume thaexsof.
Such pressure generating chambers or reservoirs arxe

formed by miking through-holes in a spacer, i.e., a member for
keeping the distance between a plate member and a nozzle plate
at a predetermined valune. So as to form through-holes
coincident with pressure generating chambers having the
required very small and complex shape, an etching technique is

used generally.
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A laminate of photosensitive resin films is used
generally as a material constituting the aforementioned spacer.
When such a photosensitive resin film laminate is used, thexe
arises an advantage in that a desired pattern can be foxmed
extremely accurately due to the .f.act that such materials are
well suitable for photolithography, and due to the fact that
the adhesive property thereof can be used so that no adhesive
agent is required for fixing the laminate to the plate member
and the nozzle flate. On the other hand, there is a
disadvantage J.r; that crosstalk, distortion, etc., can occuxr
because of ihe low mechanical strength of the material, so that
the quality in printing is lowered when this material is
applied to a recording head with high resolution.

Moreover, since a plurality of resin films are
laminated in use, there is a risk of separation, so that the
thickness of the spacer is limited by the chaxacteristics of
the materxial, Thexre also arises a problem in that it is
difficult to make the volume of sach of the pressure generating
chambers suitable for an ink-jet type recording head.

To solve the aforementioned preblems, a proposal has

" been made in which a silicen single crystal substrate of

crystal orientation (110) is used, and pressure generating
chambexs in the form of through-holes and ink supply ports and
nozzle openings in the foxm of grooves of a depth providing a
fluid resistance required for these openings are formed by
anisotropic etching of a silicon single crystal substrate (see
U.S. Patent No. 4,312,008). |
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There, however, arises a problem in that not only is
controlling of the producing process complicated because it is
necessary to praecisely control the etching depth, but it is
difficult to control the volume in positions necessary for
secﬁring fluid resistance to a precise degree, for instance in
the ink supply ports, because the etched sectional shape is

inherently a V-shape or a trapezcidal shape.

It is therefore the object of the present invention to provide
an in-jet typelrecording head which avoids the above-mentioned
drawbacks. This object is solved by the ink-jet type recording
head according to independent claim 1. Further advantageous
features, aspects and details of the invention are evident from
the dependent claims, the description and the drawings. The
claims are to be understood as a first non-limiting approach to

define the invention in general terms.
The present Jinvention relates to an ink-jet <Lype

recording head for generating pressure in pressure generating
chambers substantially instantanecusly by expansion/-
contraction of piezoelectric vibratoxs or by heat elements to

thexeby jet ink droplets from nozzle openings in response to

the change in pressure.

According to an aspect there is provided a novel ink-jet type
recording head in which pressurs generating chambers, ink

supply ports and reservoirs can be formed with a high accuracy
by atching of a crystalline substrate.

To solve the aforementicned problans, acco:ding_to.:he
present invention, thera is provided an ink-jet type recording
head comprising: a nozzle plate provided with nozzle openings

for jetting ink droplets; a spacer provided with partitions for
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partitioning pressure generating chambers, ink supply ports and
reservoirs; a plate member fixed to the other surface of tﬁe
spacer sd as to be opposite to the nozzle plate, the ;ozzla
plate, the spacer and the plate member being sandwiched ind
fixed to each other; and pressure generating means for exerting |
a change of pressure suitable for forming ink droplets on the
pressure generating chambers; characterized in that the spacer
is formed by etching a silican crystalline substrate or a
silicon oxide crystalline substrate from its opposite surfaces
so that the pressure generating chambers, the ink supply ports
and the reservoirs are formed in the foxrm of through-holes
communicating with each other; and the spacer is formed in the
form of a cantilevar so that the partitions for partitioning
the pressure generating chambers and the ink supply ports are
connected to a body on the nozzle opening side, and the
partitions form free ends on the rééervoir side.

Because the reservoirs, the pressure generating
chambexs.and the ink supply ports partitioned by the spacer arxe
formed in the form of through-holes from one suxface to the
othexr surface, accuracy is provided simply and without the

necessity of controlling the etching depth strictly.

Fig. 1 is a perspective view of an apparatus

constructed according to a preferred embodiment of the present

-4 - This Sheet Has Been Replaced




10

15

20

28

invention, ahowin§ the stxucture of a spacer, partly cut away
in a nozzle plate;

rig. .2 is an enlarged sectional view showiné the
vicinity of pressure generating chambers in the apparatus;

Figs. 3(a) and 3(b) are enlaxged views respectively
showing the arrangement of through-holes formed in the spacer
and the vicinity of the through-holes;

Figs. 4(a) and 4(b) are enlarged views .respectively
showing the airangemnnt of through-holes formed in the spacer
and the.vicinity'of the thxrough-holes;

Fig. 5 is a view showing an embodiment in the case
where the present invention is applied to a bubble jet type
recording head; |

Figs. 6(a) to 6(e) are explanatory views showing a
method of forming a spacer by anisotropic etching of a silicon
single crystal substrate; )

Figs. 7(a) and 7(b) are explanatory views showing an
etching process in the case where a silicon single crystal
substrate of crystal orientation (110) is subjected to
anisotxopic etching:

Figs. 8(a) to 8(e) are explanatory views showing a
prxeducing process in the case  whera a synthaetic cryital
substrate is used as a substrate constituting a spacer:

Figs. 9(a) and 9(b) are views showing foxmation of

surfaces and overhanging accompanying therewith in an etching
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process in the c;se where a synthetic crystal is used as a
substrate;

Fig. 10 is a view showing another embodiment' of a
spacer using a synthetic crystal;

| Figs. ll{a) and 11(b) axe a sectional view showing a
further embodiment of a spacer used in an ink-jet type
recoxding head of the present invention and an enlarged view
showing surfaces of adhesion;

Fig. 12 is an enlarged view showing suxfaces of
adhesion in a further embodiment of spacer used in an ink-jet
type jet recording head of the present invention;

Fig. 13 is an enlarged view showing the vicinity of
through-holes constituting pressure generating chambers and ink
supply ports in a further embodiment of spacexr used in an
ink-jet type xecording head of the present invention;

Figs. 14(a) to 1l4(d) are views showing the behavior of
an adhesive agent in the case where a nozzle plate and a plate
member axe joined with the spacer by the adhesi;e agent:

Fig. 15 is a perspective view showing a furthexr
embodiment of a sfacer used in an ink-jet recording head of the
present invention;

Fig. 16 is a view showing anothar aembodiment of an

ink-jet recoxding head of the present invaentionj

Fig. 17 is a pexspaective view of a further embodiment
of an ink-jet recording head of-the present invention, partly

cut away in a nozzle plate; and
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rig. 18 .i.'s a view showing an embodiment of a spacer

used in the apparatus.

The present invention now will be further described on

the basis of preferred embodiments shown in the drawings.
Fig. 1 shows a first preferred embodiment of the

present invention. In the drawing, reference numeral 1

designates a spacer constituting a feature of the present
invention. 1In this embodiment, the spacer is constituted by a
silicon single crystal substrate of crystal orientation (110)
having a thickness sujtable for securing the optimum volume as
a pressure generating chamber. In this substrate,
through-holes 1la, 1la, la... to form pressure generating
chambexs communicating with nozzle openings 2a, 2a, 2a... of a
nozzle plate 2 at one end, a tﬁmugh-hole lc to form a
reservoir supplied with ink from an ink tank not shown and
through-holes 1b, 1b, 1b... .to form ink supply ports for
communicating the respective through-holes -la, la, la... with
the through-hole lc are formed by anisotrxopic etching (which
will be described later), and are disposed between the nozzle
plate 2 and a plate member 3 (which also will be described

latex).

In the drawing, reference numeral 2 designates the

nozzle plate as described above. The nozzle plate is provided

with the nozsle openings 2&, 2&, 2a... formed at intexvals of
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& predetermined pitch, for example, 180 DPI, and is airtightly
fixed to one surface of the spacer 1.

Reference numeral 3 designates the plate nembar.whicn
is airtightly fixed to the other surface of the spacer 1 and
cooperates with the nozzle plate 2 to form pressure generating
chambers. Piezoelectric vibratorxs 4, 4, &4... are fixed to

regions of the plate member 3 facing the pressure generating

chambers. The piezoelectric vibrators 4, 4, 4... are foxmed

as vertical vibration type piezoelectric vibr.ators which
vibrate in the directions of the arrows B in the drawing, that
is, in the directions perpendicular to the surface of the plate
member 3. While one end of each of the piezoelectric vibratorg
abgts the plate member 3 as described above, the other end (the

region represented by the wavy line A in the drawinql) is fixed

. to a pedestal 5 by an adhesive agent.

In the pedestal 5, there j:s formed a through-hole 7
having one end communicating with an ink tank (not shown)
through a tube 6 and the other, opposite end connected to an
ink flow-in port 8 and to the through-hole 1lc to form a
reservoir as described above. The reservoir side containing
the through-holes 1b, 1b, 1b... to form ink flow passages is
fixed so that a rxegion (represanted bj the wave lin; D in the
drawing) shaped like a cantilever by the thxough-holes la, 1la,
la... and 1b, 1b, 1b... is supported without inhibition of

vibration by the piezoelectric vibrators of the plate member.
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rig. 2 :Ls. an enlarged view of the vicinity of the
pressure generating chambers in the aforementioned ink-jet type
recoxding head. In this embodiment, <for use oi the
displacement of the plate member 3 due to the piezoelectric.
vibrators, the plate member 3 which cooperates with the
through-holes la of the spacer 1 and the nozzle plate 2 to form
pressure generating chambers has island portions 3a formed as
thick portions for transmitting the expansion/-contraction of
the pilezoelectric vibrators 4 to the whole of the pressure
generating chambers, and thin portions 3b formed to surround
the island poxtions. | '

Wwhen the plezoelectric vibrators 4 in the
aforementioned structure expand/contract in the directions of
the arrows B in the drawing (Fig. 1), a range as wide as
possible, of the pressure generating chambers expands/-
cdntracts through the plate memI;er' 3. In the case of
contraction, ink in the pressure generating chambers is jetted
in the foxrm of ink droplets from the nozzle openings. In the
case of expansion, ink in the reservoir flows into the pressure
generating chambers through the ink supply ports constituted by
the through-holes 1b.

Fig. 3(a) shows an embodiment of the aforementioned
spacer. In this embodiment, the case where the spacer is
applied to & recording head of the type in which the noazle
openings are arranged at intervals of a predetermined pitch,

for example 141 um,will be described as an example.
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In the drawing, reference nuwerals la, la, la... and
la‘, la’, la’..., designate through-holes which form respective
pressure generating chambers. The through-holes are ar:.:anged
s0 as to be substantially symmetrical to each other with
respect to a center line in accordance with the arrangement of
nozzle trains. The sides facing each other of the
through-holes arecommunicatingwith nozzle open;‘.ngs of a nozzle
plate (not shown). In the opposite sides of the through-holes,
there are formed through;holea 1b, 1b... and 1b’, 1b’... toO
form ink supply ports communicating with reservoirs and
through-holes lc and 1lc¢’ to forxrm reserveirs connected to the
through-holes 1b, 1b,... and 1b’, 1b‘...

These through-holes 1la, 1lb, lc, la’, 1lb’ and lc’ are
formed by anisotropic etching of a silicon single crystal
substxate having crxystal orientation (1;0), as will be
describedl in more detail later. ‘Acconiingly, each of the
through-holes la forming pressure generating chambers as shown
in Fig. 3(b) is substantially shaped like a parallelogram
constituted by wall surfaces la-a, la-b, la-c and la-d
perpendicular to 2 surface. Of the two wall surfaces la-a and
la-b extending in the direction of length of the through-hocle
la to foxm a pressurée genarxating chamber, one wall surface s'id.e
la-a abutting an thent:ion line of the wall suxface la-d at an
acute angle § in the xesexvoir eide is p;ovidod with a
through-hole 1b to form an ink supply port partitioned by a

wall surface 1lb-a to form'the sane plane as the wall surface
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la-a, so that tlﬁid resistance suitable to jetting of ink
droplets and supplying of ink to the pressure generating
chamber is obtained in accordance with the width and 1en§th of
the through-hole 1b.

The wall surface lc-a forming a through-hole 1c as a
reservoir is formed to have the optimum shape as a resexvoir by
zigzag repetition of fine planes for correction of the
orxientation due to anisotropic etching.

These through-holes la, la, la..., 1lb, 1db, 1b... and

ic are formed as through-holes each passing through a wall from

_ one side to the other side.- The wall surfaces partitioning the

through-holes are perpendicular to a surface of the substrate
formed as spacer 1.

Fig. 4 shows another form of arrangement of the
pressure genexrating chambers. In the drawing, reference
numeral 9 designates a silicon si-nglo crystal substrate of
crystal orientation (110) having the same structure as
described above. This embodiment xelates to the case where the
silicon single substrate is applied to a recording head having
4 nozzle opening trains. In the drawing, reference numerals
10, 10, 10... designate through-holes forming respective
pressure generating chambers. . These arxae foxmed as
through-holes by anisotxopic etching of the two sides of the
silicon single cxystal substrate in the esams manner as
described above. 1In one end of each of the through-holes 10,

10, 10..., that is, in a side opposite to the nossle opening
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side, there are to.:med through~holes 11, 11, 1l1... to form i.pk
supply ports. Unlike the aforementioned embodiment, these
through-holes 11, 11, 11.... are arranged so as To be pa;'anel
to each other to form an angle of 35° with respect to an axial
line of the through-holes as pressure generating chambers.
Through-holes 12, 12, 12... as reservoirs ara connected to the
i:hrough-holes 11, 11,. 11... as the respective groups of ink
supply ports. Further, ink fiow-in ports 13, 13, 13...

-being in communication with an ink tank are connected to respective ones

of the through-holes 12, 12,... The through-holes 10, 10,

10... forming pressure generating chambers and the

'through?-holeé 11, 12, 11... forming ink supply ports are

connected to each other at an angle of about 110°, as shown in

. Pig. 4(b). Because they are accordingly arranged so that

discontinuous portions are reduced as much as possible, points
of connection between pressure ge;xerating chambere and ink
supply ports are smoothed so that bubbles and the like can be
prevented from stagnation.

Although the aforementioned embodiment concerns the
case whexe pressure for jetting ink droplets is qenerateé by
changing the shape of each of the pressure generating chambers
through the piezocelectric vibratgors of the plate membexr, the
same effect can be achievad in the case whexre electric
resistance elements 19, 19, 19... are fixed to the plate

member 3 and mounted in the through-holes 1la, 1la, 1la...

constituting pressure generating chamborl,. as shown in Fig. S.
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In the latter enibodiment, pressure sufficient to Jjet ink
droplets can be generated through instantaneous evaporation of
a very small amount of ink due to Joule.heating by supx;lying
electric currents to the electric resistance elements 19, 19,
19... 4in accordance with printing signals. '

Fig. & shows the ©process of producing the
aforementioned spacer. In the drawing, reference numeral 20
designates a silicon single crystal substrate. of crystal
orientation (110) having a thickness of, for example, 220 um,
necessary for functioning as a spacex. A silicon dioxide film
21 having a thickness of, for example, about 1 um, necessary
for functioning as a protective film in anisotxopic etching is
formed on the whole surface of the silicon single crystal
substrate by the method of heat oxidation (Fig. 6(a)).

Hydrogen fluoride resisting protective films 22 and 23
having windows 24 and 25 coincident with the aforementioned
through-holes 1a, 1b and 1lc¢ are formed on front and rear
surfaces of the substrate 20 coated with the silicon dioxide
film 21 by photolithography (Fig. 6(b)).

When etching is carried out with hydrogen f£fluoride in
this condition, the silicon dioxide film 2i is partly removed
in accordance with the windows 24 and 25 to form through-holes
la, 1b and lc. As a result, silicon dioxide £ilme 28 and 29
having windows 26 and 27 fox silicon-aingle c:ysul-otching are
formed (Pig. 6(c)).
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When etching is carried out with an agqueous solution of
about 17% potassium hydroxide kept at a constant temperature,
for example, 80°C, in the stage in which silicon dioxide
patterning is finished as described above, portions of the
windows 26 and 27 are selectively subjected to etching in
parallel to the plane of crystal orientation (111) from the
front and rear surfaces at a speed of about 2 um per minute
with use of the silicon dioxide patterns 28 and 29 as
protective films (Fig. 6(d)).

In the stage in which a through-hole 30 is formed by
anisotropic etching from the front and rear surfaces in the
aforementioned manner, the silicon dioxide films 28 and 29 used
as masks are removed with hydrogen fluoride and then heat
oxidation is carried out again to form a silicon dioxide film
31 having a sufficient thickness, for example, about 1 um, as
a protective film on the whole expesed surface. As a result,
the silicon dioxide film 31 is used as a protective film
against ink (Fig. 6(e)).

In execution of anisotropic etching of such a silicon
single crystal substrate having the plane of crystal
orientation (110) as a surface, (111) planes inclined with
respect to the crystal orientation (110) as shown in Fig. 7 are
formed using a target pattern. |

Aceordingly, when the flow passage resistance is to be
adjusted in accordance with the depth or when the spacer and

the nozzle plate are to be constituted by one substrate, the
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configuration-of élm passages is complicated because etching
is stopped at the stage in which planes inclined with respect
to the surface of the substrate are formed. 0On the con;:rary,
when etching is carried out so that the substrate is pilerced
thoxroughly, such inclined planes are eliminated so that
:Fespective surfaces partitioning a through-hole are formed
perpendicular to the surface of the substrate. As a result, a
flow passage of the size defined by the etching pattern can be
formed. |

Fig. 8 shows a producing process in the case where a

silicon oxide crystalline substrate, for example, Z-cut

synthetic crystal, is used as a substrate constituting a

spacer. In the drawing, reference numeral 40 designates a
Z-cut synthetic crystal substrate having a thickness, for

example, of 220 pm, necessary for functioning as a spacer. A
metal film 41, for example, a 50 nm (500 angstrom) chromium and,
100 nm (1000 angstrom) gold film, is formed on the wholeg
surface of the substrate by sputtering (Fig. 8(a)). {

Films 44 and 45 having windows 42 and 43 coincident
with the aforementioned through-holes la, 1b and lc are formed
on front and rear surfaces of the substrate 40 coated with the

metal protective f£ilm 41 by photolithography (Fig. 8(b)).
Then, the gold £ilm and the chromium film are etched

with an aguaous sclution of potassium iodide and icdine and an

ammoniated cerium nitrate etching solution, respectively, and
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then the resist zilm is removed with a solution of nitric acid
and hydrogen peroxide (Pig. 8(c)).

When etching is started from the two surfaces t;t the
substrate with an ammonium bifluoride saturation aqueous
solution or a mixture solution of hydrofluoric acid and
ammonium fluoride kept at a predetemingd tenperature, for
&uple, 80°C, in the stage in which a predetermined etching
pattern is Zformed in the aforementioned manner, etching
progxesses at a speed of 70 um per hour (Fig. 8(d)).

When the etching of the substrate is finished, the
metal f£ilm 41 is removed wifh an aqueous solution of potassium
iodide and iodine and an ammoniated cerium nitrate etching
solution (Fig. 8(e)). 1In the case where a silicon single crystal substrate
is used, it is preferable that a silicon dioxide film be formed
as a protective film. It is, however, unnecessary to form a
specific protective film, because t.he crystal has an inherent
resistance to chemical corrosion. -

On the other hand, in the case where through-holes are
formed by etching of the synthetic cxystal substrate 40,
overhanging portions 50, 50 as shown in FPig. 9(a) are produced
from the point of view of the characteristic of the material.
By carrying out over-etching in this | condition, however,
nothing lmt ovexhanging portions 51 with a gmall prajectinq
length AL is produced though the area of an opaening of the
through-hole is increased ‘slightly (Fig. S(b)).
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Baecause .over—etching is, however, limited, a
through-hole in which overhanging portions 54, 54 having .n
projecting length AL’ as small as possible remain can be formed .
by etching a plurality of thin synthatic crystal substrates 53,
53 in the aforementioned manner, and then laminating the
plurality of substrates into a predetermined thickness, as
shown in Fig. 10. In the case where one spacer is formed by
laminating a plurality of substrates, means of softening the
substrates while applying pressure thereto or. means of adhering
the substrates by a general adhesive agent nay be used.

The spacer formed in the aforementioned manner is f£ixed
s0 as to be inserted between the nozzle plate and the plate
menber to thereby define a flow passage constituent member. In
doing so, xespective joint surtaceé may be welded under
prxessure after applying an adhesive agent onte the respective
joint surfaces. Because such assem!.:ly using an adhesive agent
can be pexformed at ordinary temperatéures with respect to the
spacer, the nozzle plate and the plate member, there arises an
advantage in that not only is; the assembly work simple, but
residual heat distoxtion causad by the difference between the
expansion coefficients of the respective members as in the case
of an alloy joining method is prevented.

When an adhesive agent is used at the time of joining,
there is, however, a problem in that the adhesive agent
overflows from the surfaces of adhesion to the through-holes

defining the pressure generating chambers end ink supplyf poxte
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to thereby reduce the volume of each of the through~holes and
to thereby change the ink discharge quantity, even in the case
whexre the quantity of adhesive agent applied is carefully
conti‘olled.

Fig. 11 shows an embodiment of a spacex :hnproved_ to
cope with this problem. In the drawing, reference numeral 60
designates # spacer member constituted by a silicon single
crystal substrate oxr a synthetic crvstal. The spacex member is
formed so that chamfered portions 62a, 62a, 62;_... having an
angle 8 with respect to other surfaces of adhesion are provided
in edges of partitions 62 partitioning through-holes 61
constituting pressure generating chambers and ink supply ports
so as to extend in the direction of length of the partitions
62.

The spacer 60 foxrmed in the aforementioned manner is
joined with pressure to the plat'e member 67 abutting‘ the
piezoelectric vibrators 66 and the nozzle plate 65 with the
nozzle openings 65a after the adhesive agent 63 (Fig. 11(b)) is
applied onto the surface thereof. ' Thus, an ink-jet type
recording hdad is assembled.

The adhesive agent 63 overflows from the gap between
the spacer 60 and the nozzle plate 65 and the gap between the
spacar 60 and the plate member 67 by pressure bonding after
application thereof. The overflowing adhesive agent 63a enters
into sectionally V-shaped spaces 68 formed between the

chamfexed portions €2a and the surface of tha plate member €7
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or the nozzle plate §5, is received in these spaces and spreads

along the chamfered portions. Accoxdingly, the formation of
spherical projections in specific points is prevented, a.; well
as the change of compliance of the plate membexr 67, the
increase of Iluid resistance of the ink supply ports to a
larger value than a set value, and the reduction of the volume
of each of the pressure genexating chambers to a smaller value
than a set value. |

Fig. 12 shows an embodiment in which a spacer is foxmed
by anisotxopic etching of a2 silicon single crystal substrate.
In this embodiment, isotxopic etching with hydrxofluoric acid is
applied at the stage in which anisotropic etching is finished.
When such isotropic etching is applied, the speed of etching of
acute regions such as edge lines formed by the par_titiqns 62
partitioning the through-holes foxrmed by anisotropic etching |
and the surface becomes larger than the speed of etching of
flat portions so that the edge portions are substantially
selectively subjected to etching.

In such chamfering using etching, each section is
shaped like a circular arc, but sectionally V-shaped concave
spaces are formed between the nozzle plate and the plane of the
plate membar so that the adhesivae agent overflowing from the
surfaces of adhesion can be.ahcc:hnd by tha spaces.

An adhesive agent having a high viscosity such as an
epoxy a;dhesj.ve ageni:, etc., is used for 3Joining of these

members. Because the adhesive agent is applied by a screen |

- 19 -



10

15

20

23

This Sheet Has Been Replaced

printing mathod, a pad transfexring method, a xoll coating

method, etc., the quantity of the adhesive agent applied can be
controlled with a high accuracy. As a result, the funct.ion of
the chamfered portions 62a and 62b is riot affected as long as
spaces capable of absorbing the adhesive agent overflowing from
jthe surfaces of adhesion are available. It has accordingly
been confirmed that a volume capable of absorbing the adhesive
agent can be secured without reduction of the strength of the
wall surfaces as long as the width Aw or radius R of each of
the spaces is in a range of from about 1/12 to about 1/6 the
thickness of each of the partitions 62.

Fig. 13 shows another embodiment of an ink-jet type
recording head according to the pxesent invention. 1In the
drawing, reference numeral 70 designates a silicon single
crystal substrate oxr a crystal substrate having crystal
orientation (110) and having a thickness sufficient to form a
spacer. As described above, through-holes 71, 71, 71... to
form pressure generating chambers, through-holes 72, 72, 72...
to form ink supply ports, and a through-hole to form a
reservoir (not shown) are formed by etching.

In this embodiment, wall suxfaces 7la , 7la of the
thrqugh—holes 71, 7)1 to form pressure generating chambers and
wall surfaces 72a, 73a of the thzoug!:-holo- 72, 72 to form ink
supply ports axe axranged sectionally rectangularly so that one

surface thereof has a plurality of fine planes 7la-az, 7la-a,
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71a- a... anad 725:-5, 72a-a, 72a-a... and predetermined steps

71a-b, 7la-b, 7la-b... and 72a-b, 72a-b, 72-a-b...

Grooves 73a and 74a extending in the diroc:j:on oL
thickness are formed in suxfaces 73, 73, 73..., 74, 74, 74, ...
which do not substantially contribute to forming the
aforementioned fine planes.

When an adhesive agent 76 such as an epoxy adhesive
agent is applied onto surfaces of the thus-foxmed spacer 70 by
a screen printing method, a pad transferxing method, a xoll
coating method or the like to form a predetermined thickness
(Fig. 14(a)) and then the nozzle plate or plate member 77 is
pressed by a predetermined amount of pressure P, the adhesive
agent surplus 76a overflows to the wall surface side of the
spacer 70 (Fig. 14(b)).

The adhesive agent spxeads along the fine planes 7la-a
and 72a-a due to its surface tension (Fig. 14(c)), and then the
rectangular spaces constituted by the fine planes 7la-a and
72a-a and the steps 71a-b and 72a-b are filled with the
adhesive agent (Fig. 14(d)). The adhesive agent, overflowing
to relatively narrow wall surfaces 73 and 74, is brought into
the groove's 73a and 74a by capillary force so that the adhesive
agent cannot ovexflow to the surface.

Although the aforementioned emhodimant relates to the

case where fine planes are provided only in wall

surfaces to form pressure generating chambers and ink supply

poxts in which sectiona) areas must be controlled rola';.ivoly

- 21 -
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strictly, ic 13 apparent that the same effect is achieved in
the case where a wall surface 81 of a through-hole 80 to form
a resexvoir and a wall surface 82 for limiting an ink supply
port 83 are formed sectionally rectangqularly so that the wall
surfaces 8l and 82 have fine planes 8la, 8la, 8la... and 82a,
82a, 82a... and predetermined steps 81b, 81b, 8lb... and 82b,
82b, 82b..., shown in Fig. 15, in the same manner as described
above. When sectionally rectangular planes are formed with
respect to a reservoir, the overflowing of the adhesive agent
to the thiough-holes is prevented so that an ink_-jet type
recording head higher in quality can be realized.

Fig. 16 shows a further embodiment of an ink-jet type
recoxding head according to the present invention. In the
drawing, reférence numeral 85 designates a silicon single
crystal substrate or a synthetic crystal substrate having a
thickness suitable for forming a sp&éer. Through-holes to form
pressure generating . chambers 86, ink supply ports and
resexvoirs are formed by etching. PFurther, the surface of the
spacer joined with the nozzle plate 88 having the nozzle
openings B88a and the plate member B89 by the adhesive agent is
roughed by an abrasive material or grinding stone of mean
particle size such that concave-convex poxtions B85a and 85b
with surface roughnessaes of the orxrder of nicrometers are forme.d.

According to this embodimaent, the applied adhesive

agent flows into the concave-convex portions of the surfaces.

When the nozzle plate and the plate membaer are welded with

- 22 -
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pressure in this condition, the adhesive agent surplus tending

to flow out of the regions of adhesmn is kept back hy the
capillary force of the concave-convex portions of the rough
surfaces so that the adhesive agent surplus is prevented from
overflowing. As a result, the choking of the nozzle openings
and the chanqg of the volume of each of the pressure generating
chambers and the ink supply ports is prevented.

Fig. 17 shows a further embodiment of the present
invention. in the drawing, reference numeral 90 designates a
spacer constituted by a silicon single crystal substrate or a
synthetic crystal substrate. A nozzle plate 91 having nozzle
ocpenings 9la and a plate member 92 are fixed to one surface of
the spacer and the other surface of the spacer respectively by
an adhesive agent. The spacer and pressure generating devices .
such as piezoelectric vibrators 93 in this embodiment are fixed
to a pedestal 94 so that a pressuré change is induced in.the
pressure generating ‘chambers by the displacements of the
piezoelectxric vibrators 93 to thereby discharge ink droplets.

In the spacer 90, through-~holes 95 to form pressuxe
generating chambars, through-holes 86 to form ink supply ports
and a through-hole 97 to form a reservoir are formed by etching
in the aforementioned mannax. |

A plurality of paztition poxtions 98a, 98a, $S8a....
for limiting fluid resistance of the ink supply ports are

arranged as shown in Fig. 18. In this embodiment, the

partition portions extend towaxd the through-hole 97 side, that
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is, toward the .feservoi: side, so that the length of a
partition portion increases as the partition portion is
arranged every four through-holes so as to be far from ;n ink
flow=-in port 99 communicatingwith an ink tank.

In this embodiment, the flow of ink from the ink supply
port 99 is partly inhibited by the partition portions 98b,
98b... extending toward the xeservoir so that the ink flow is
convexted intc an ink flow téward the thxoﬁgh-holes 96, 96,
96... to foxrm ink supply ports fn the vicinity of the
partition portions. On the other hand, a part of the ink flow
not inhibited by the partition portions 98b, 98b... enters the
deeper side so that the other partition portions 98b, 98b...
extending thereto convert the ink flow into an ink flow toward
the through-holes 96, 96, 96... to form ink supply poxts
placed in the vicinity of the partition portions.

As described above, accordiﬁq to the present invention,
there is provided an ink-jet type recording head including a
nozzle plate provided with nozzle openings for jetting ink
droplets; a spacer provided with partitions for partitioning
pressure generating chambers, ink supply ports and reserxvoirs;
a plate member fixed to the other surface of the spacer so as
to be opposite to the nozzle plate, the nozzle plate, the
spacer and the plate member being fixed to each othexr in a
sandwich-like arrangement; and a pressure generating means for
applying a change of pfessure suitable for forming ink dxoplets

to the pressure generating chambers; characterized in that the

This Sheet Has Been Replaced
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spacer is formed by etching a silicon crystalline substrate ox
a silicon oxide crystalline substrate from its opposite
surfaces so that the pressure generating chambers, tﬂa ink
supply ports and the reservoirs are formed in the form of
t.hroi.:gh-holes communicatind with each other; and the spacer is
formed in the foxm of a cantileve; so that £he partitions for.
p'artitioninq the pressure generating chambers and the ink
supply porte are connected to a body on the nozzle ocpening
side, and the partitions form free ends on the reservoir side.
Accordingly, with this arrangement not only can the volume and

fluid resistance be controlled with high accuracy baecause the

' spaces partitioning the pressure generating chambers, the ink

supply ports and the reservoirs can be formed by etching under
the same conditions, but the ink can flow without stagnation
while the wasteful action of surface tension is eliminated
because the wall surfaces pa:titio;aing the through-holes are

perpendicular to the surface of the substrate.
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An ink-jet type recording head comprising: a nozzle plate
(2; 65; 77; 88; 91) provided with nozzle openings (2a;
65a; 88a; 9la) for jetting ink droplets; a spacer (1l; 60;
90) provided with partitions (62) defining pressure
generating chambers, ink supply ports and reservoirs;
said nozzle plate (2; 65; 77; 88; 91) being fixed to one

cuas L

~surface of said spacer (1; 60; 90), a plate member (3;

67; 89; 92) fixed to the other surface of said spacer (1;
60; 90) so as to be opposite to said nozzle plate (2; 65;
77; 88; 91), said nozzle plate (2; 65; 77; 88; 91), said
spacer (1l; 60; 90) and said plate member (3; 67; 89; 92)
being sandwiched and fixed to each other; and a pressure
generating means for apblying a change of pressure for
forming ink droplets to said pressure generating
chambers; characterized in that:

said spacer (1; 60; 90) is formed by etching one of a
silicon crystalline substrate and a silicon oxide
crystalline substrate from its opposite surfaces so that
said pressure generating chambers, said ink supply ports
and said reservoirs are formed in the form of through-
holes (la,b,c; 110, 11, 12; 71, 72; 95, 96, 97)

communicating with each other; and

said spacer (1l; 60; 90) is formed in the form of a
cantilever so that said partitions (62) for partitioning
said pressure generatihg chambers and said ink supply
ports are connected to a body on the nozzle opening side,
and said partitions (62) form free ends on the reservoir
side.

An ink-jet type recording head according to Claim 1,
wherein said silicon crystalline substrate is a silicon
single crystal substrate having a crystal orientation

s
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(110), and wherein wall surfaces (7l1la, 72a) partitioning
said through-holes (71, 72) are formed as surfaces -
perpendicular to a surface of the substrate.

An ink-jet type recording head according to Claim 1 or 2,
wherein one-side wall surfaces partitioning said ink
supply ports and said pressure generating chambers are
formed in the same plane.

An ink-jet type recording head according to one of the
preceding Claims, wherein one-side wall surfaces
partitioning said ink supply ports are formed so as to be
the same plane as that of wall surfaces of the side in
which wall surfaces partitioning said pressure generatlng
chambers intersect at an acute angle.

An ink-jet type recording head according to one of the
preceding Claims, wherein said silicon oxide crystalline
substrate is a synthetic crystal substrate.

An ink-jet type recording head according to one of the
preceding Claims, wherein said partitions (62) of said
spacer (60) have chamfered portions (62a) with a width of
from about 1/12 to about 1/6 as much as the width of said
partitions (62), in lengthwise edge 1lines opposite to
said nozzle plate (65) and said plate member (67), and
wherein said spacer (60) is fixed to said nozzle plate
(65) and said plate member (67) by an adhesive agent (63)
so that spaces defined by said chamfered portions (62a),
said nozzle plate (65) and said plate member (67)
function as adhesive agent (63) absorbing spaces.

An ink-jet type recording head according to one of Claims
1 to 5, wherein said spacer is formed so as to be
rectangular in section so that each of the partitions
thereof is -constituted by a plurality of planes (7la-a,

——
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72a-a) and predetermined steps (7la-b, 72a-b), and
wherein said spacer is fixed to said nozzle plate and
said plate member by an adhesive agent (76) so that said
'steps (71a-b, 72a-b) function as adhesive agent (76)
absorbing spaces.

An ink-jet type recording head according to one of the
preceding Claims, wherein surfaces of said spacer (1; 60;

- 90) are roughened.

An ink-jet type recording head according to one of the
preceding Claims, wherein said pressure generating means
are constituted by piezoelectric vibrators (4; 93) which
vibrate in an axial direction, said piezoelectric
vibrators (4; 93) being fixed at one end to a pedestal
(5; 94) so that their one end abut respective diaphragms
opposite to said pressure generating chambers, and
wherein predetermined regions of said ink supply ports
and said reservoirs are fixed to said pedestal (5; 94).

An ink-jet type recording head according to one of the
preceding Claims, wherein said pressure generating means
comprise heaters for generating Joule heat fixed to the
plate member partitioning said pressure generating
chambers.

An ink-jet type recording head according to one of the
preceding Claims, wherein said partitions partitioning
said ink supply ports extend toward the reservoir side in
a manner so that said partitions increase in length at
every plural ones of said partitions in a direction away
from an ink supply port for an ink tank.

B0 ———
[N
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ABSTRACT

Described is an ink-jet type recording head including a
nozzle plate (2) provided with nozzle openings (2a), a spacer
(1) provided with partitions for partitioning pressure
generating chambers, ink supply ports and reservoirs, and a
plate member (3) which are sandwiched and fixed together.
Displacement of the plate member (3) 1is produced by
piezoelectric vibrators (4) to thereby generate ink droplets.
The spacer (1) is formed by anisotropic etching of a silicon
single crystal substrate so that the 'pressure generating
chambers, the ink supply ports and the reservoirs are formed
as through-holes communicating with each other. Accordingly,
etching conditions for the respective through-holes are made
equal to each other. Particularly, through-holes small in
sectional area such as the pressure generating chambers and
the ink supply ports can be formed with a high accuracy.
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INK-JET TYPE RECORDING HEAB: ppcpmpr. 2/0(15

The present invention relates to an ink-jet type recording
head.
In an ink-jet type recording head in which dots on a

recording medium are formed from ink droplets, printing with
very high resolution can be made by reducing the ink droplet
size, but it is necessary to increase the number of noizle

openings for the purpose of performing printing efficiently.

Particularly in the case of an ink-jet recérdinq head using

piezoelectric wibrators as ink droélet jetting sources, it is

necessary to'increase the size of pressure generating chambers
as to use the energy of the piezoelectric vibrators

efficiently. However, this is contrary to the requirement of

reducing the size of the recording head.

To xesclve the aforementioned problems, there Iis
qenerélly used a method of setting walls partitioning adjacent
prassuxe chambaers in such a mannaer ag to be ag thin as possible
and of making the shape of tha praessurxe generating chambers
larger in the direction of the length therecf to thereby

increase the wvolume thaerxeof.
Such pressure generating chambers or reservoirs are

formed by mﬁking through-holes in a spacer, i.e., a member for
keeéinq the distance between a plate member and a nozzle plate
at a predetermined valneﬁh So:.#s to form through-holés
coincident with pressure 3%§ﬁefating_.chamber§;Ehaving the

required very small and complex shape, an etching technique is

used generally.

02NQV 1996 . " [ THIS SHEET HAS BEEN
REPLACED




A laminate of photosensitive resin® films is used

generally as a material constituting the aforementioned spacer.
When such a photosensitive resin film laminate is used, there
arises an advantage in that a desired pattern can be formed
'extreuiely accurately due to the .tact that such materials are
well suitable for photolithography, and due to the fact that
_the adhesive property thereof can be used so that no adhesive
.agent is required for fixing the laminate to the plate member
and the nozzle plate. On the other hand, there is a
disadvantage .1.1; that crosstalk, distortion, etec., can occux
bgcause of the low mechanical strength of the material, so that
the quality in printing is lowered when this material is
applied to a recording head with high resolution.

Moreover, since a plurality of resin filmg arxe
laminated in use, there is a risk of separation, so that the

thickness of the spacer is limitaed by the charactexistics ol

the material. Thexre also arises a problem in that it is

difficult to make the volume of each of the pressure generating
chambers suitable for en ink-jet type recording head.

To solve the aforementioned problems, a proposal has
been made in which a silicon single crystal substrate .of
cxystal orientation (110) ix used, and pressure goh.rati.ng
chambers in the fomé of through-holes and ink supply ports and
nozzle openings in the form of grooves of a dépth}iaroiridinq a
fluid resistance required for these openings are formed by
anisotropic etching of a silicen single crystal substrate (see

| THIS SHEET HAS BEgN
REPLACED
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There, however, arises 2 problem in that not only is
controlling of the producing process complicated because it is
necessary to precisely control the etching depth, but it {is
difficult to control the volume in positions necessary for

securing fluid resistance to a precise degree, for instance in

the ink supply ports, because the etched sectional shape is

iﬁherently 8 V-shape or a trapezoidal shape.

It is therefore the object of the present invention to provide
an in-jet type recording head which avoids the above-mentioned
drawbacks. This object is solved by the ink-jet type recording
head according to independent claim 1. Further advantageous
features, aspects and details of the invention are evident from
the dependent claims, the description and the dfawings. The
claims are to be understood as a first non-limiting approach to

define the invention in general terms.
The present invention relates to an ink-jet type

recording head for generating pressure in pressure generating
chambers substantially instantanecusly by expansion/-
contraction of piezoelectric vibratoxs or by heat elements to
thereby jet ink droplets from nozzle openings in response to

the change in pressure.

According to an aspect there is provided a novel ink-jet typ
recording head in which pressure generating chambers, ink

supply ports and reservoirs can be formed with a high accuracy
by aetching of a crystalline substrate. |

To solve the aforementioned problans, acco:diag.to't§a
present invention, thare is provided an ink-jet type :ac_:éo::ding
head comprising: a nozzle plate provided with nozzle openings

for jetting ink droplets; a spacer provided with partitions for



partitioning pressure generating chambers, ink supply ports and
reservoirs; a plate maember fixed to the other surface of the
spacer 3o as to be opposite To the nozzle plate, the Qozzle
plate, the spacer and the plate member being sandwiched and
- fixed to each other; and pressure generating means for exerting
; change df pressure suitable for forming ink droplets on the
pressure generating chambers; characterized in that the spacer
is formed by etching a sj:licon crystalline substrate or a
silicon oxide crystalline substrate from its opposite surfaces
so that the pressure generating chambers, the ink supply poﬁts
and the reservoirs are formed in the foxm of through-holes
communicating with each other; and the spacer is formed in the
'~ form of a cantilever so that the partitions for partitioning
the pressure generating chambers and the ink supply ports are
connected to a body on the nozzle opening side, and the
partitions form free ends on the ré;ervoir side.

Because the reservoirs, the pressure generating
chambexs and the ink supply ports partitioned by the spacer axe
formed in the form of through-holes from one surface to the
other surface, accuracy is provided simply and without the

necessity of controlling the etching depth strictly.

Fig. 1 ix a perspective view of an apparatus

constructed according to a preferred embodiment of the present

THIS SHEET Has BE
REPLACED
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invention, show:‘.né the stxucture of a ap-ace:, pa":t“l'y“ —éut away
in a nozzle plate;

rig. 2 is an enlarged sectional view show1n§ the
vicinity of pressure generating chambers in the apparatus;

Figs. 3(a) and 3(b) are enlarged views respectively
'showing the arrangement of through-holes formed in the spacer
and the vicinity of the through-holes;
| Figs. 4(a) and {(b) are enlarged views .respectively
showing the arxrangement of through-holes formed in the spacer
and the.vicinity of the through-holes;

Fig. 5 is a vieﬁ.showing an embodiment in the case
where the present invention is applied to a bubble jet type
recording head;

Figs. 6(a) to 6(e) are explanatory views showing a
methoed of forming a spacer by anisotropic etching of a silicon
single crystal substrate; ) |

Figs. 7(a) and 7(b) are explanatory views showing an
etching process in the case where a silicon single crystal
substrate of crystal orientation (110) is subjected to
anisotxopic etching:;

Figs. 8(a) to 8(e) are explanatory views showing a
producing procass in thae case .where a synthatic cryital
substrate is used as a substrate constituting a spacar;

Figs. 9(a) and $(b) arxe views showing formation of

surfaces and overhanging accompanying therewith in an etching
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process in the c;ae where a syﬁthetic crystal is used asx a
substrate;

Fig. 10 is a view showing another eabodimnt' of a
spacer using a synthetic crystal;

Figs. 11(a) and 11(b) axe a sectional view showing a
further embodiment of a spacer used in an ink-jet type
recoxding head of the present invention and an enlarged view
showing surfaces of adhesion;

Fig. 12 is an enlarged view showing surfaces of
adhesion in a further embodiment of spacer used in an ink-jet
type jet recording head of the present invention;

Fig. 13 is an enlarged view showing the vicinity of
through-holes constituting pressure generating chambers and ink
supply ports in a further embodiment of spacer used :'Ln an
ink-jet type xrecoxding head of the present invention;

Figs. 14(a) to 14(d) are views showing the behavior of
an adhesive agent in the case where a nozzle plate and a plate
member axe joined with the spacer by the adhasi:ve agent:

Fig. 15 is a perspective view showing a further
embodiment of.a sﬁacer used in an ink-jet recording head of the
present invention; |

Fig. 16 is a wview showing anothar embodiment of an
ink~jet xrecording head of the present invention;

Fig. 17 is a perxspective view of a further embodiment
of an ink-jet recording head of the present invention, partly

cut away in a nozzle plate); and

THIS SHEET HAS BEEN
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Fig. 18 i.a a view showing an embodimént of a spacex

used in the apparatus.

The present invention now will be further described on

the basis of preférred ‘embodiments shown in the drawings.

Pig.- 1 shows a first preferred embodiment of the
é’:‘:esent invention. In the drawing, reference numeral 1
designates a spacer constituting a feature of the present
invention. 1In this embodiment, the spacer is éonstituted by 2
silicon single crystal substrate of crystal orientation (110)
having a thickness suitable for securing the optimum volume as
a pressure generating chamber. In this substrate,
thrxrough-holes 1la, 1la, 1la... to form pressure generating
chambers communicating with nozzle openings 2a, 2z, 2a... of a
nozzle plate 2 at one end, a tﬁrough-hole lc to fomm a
reservoir supplied with ink from an ink tank not shown and
through-holes 1b, 1b, 1b... to form ink supply p.orts for
communicating the respective through-holes -la, la, la... with
the through-hole lc are formed by anisotropic etching (which
will be described later), and are disposed between the nozzle
plate 2 and a plate mémber 3 (which alsc will be described

latex).

In thae drawing, xaeference numeral 2 designates the

nozzle plate as described above. The nozzle plate is _provi_ded

with the nozxle openings 2a, 2a, 2a... formed at :__.i.nterw_r.al‘s' of
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a predetermined pitch, for example, 180 DPI, and is airtightly
fixed to one surface of the spacer 1.
Reference numeral 3 designates the plate mamber which

is airtightly fixed to the other surface of the spacer 1 and

cooperates with the nozzle plate 2 to form breasure generating

chambers. Piezoelectric vibratoxs 4, 4, 4... are fixed to
regions of the plate member 3 facing the pressure generating
chambers. The piezoelectric vibrators 4 . 4, 4... are foxrmed
as vertical vibration type piezoelectric vibr.ators which
vibrate in the directions of the arrows B in the drawing, that
is, in the directions perpendicular to the surface of the plate
member 3. While one end of each of the piezoelectric vibrator§
abgts the plate member 3 as described above, the other end (the
region represented by the wavy line A in the drawing) is fixed
. to a pedestal S5 by an adhesive agent.

In the pedestal 5, there is formed a through-hole 7
having one end communicating with an ink tank (not shown)
through a tube 6 and the other, opposite end connected to an
ink flow-in port 8 and to the through-hole 1lc to form a
reservoir as described above. The reservoir side containing
the through-holes 1b, 1lb, 1b... to form ink flow passages is
fixed go that a region (xeprxesanted by the wave line D in the
drawing) shaped like a cantilever by the through-holes 1la, 1la,
la... and 1b, 1b, 1lb... is supported without inhibition of

vibration by the piezoelectric vibrators of the plate member.

REPLACED
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rig. 2 1.'; an enlarged view of the vicinity of the
prassure generating chambers in the aforementioned ink-jet type
recording head. In this embodiment, for use oi the
displa.cement_ of the plate member 3 due to the piezoelectric
vibrators, the plate member 3 which cooperates with the
th:ough-holeé la of the spacer 1 and the nozzle plate 2 to _f.om
pressure generating chambers has island portions 3a formed as
thick portions for transmitting the expansion/-contraction of
the piezoelectric wvibrators 4 to the whole of the pressure
generating chambers, and thin portions 3b formed to surround
the island portions. '

When the piezoelectric vibrators 4 in the
aforementioned structure expand/coatract in the directions of
the arrows B8 in the drawing (Fig. 1), a range as wide as
possible, of the pressure generating chambers expands/-
contracts through the plate member 3. In the case of
contraction, ink in the pressure generating chambers is jetted
in the foxrm of ink droplets from the nozzle openings. In the
case of expansion, ink in the reservoir flows into the pressure
generating chambers through the ink supply ports constituted by
the through-holes 1b. '

Fig. 3(a) shows an enmbodiment of the aforementioned
spacex. In this embodimaent, the case where the spacer i:s
applied to a recording head of the type in which the noazle
openings are arxanged at intervals of a predetermined pitch,

for example 141 Km, will be described as an example.




10

In the drawing, reference numerals la, la, le... and
la‘, la’, la’... designate through-holes which form respective
pressure generating chambers. The .through-holes are a:;:anged
g0 as to be substantially symmetrical to each other with
respect to a center line in accordance with the arrangement of
nozzle trains. The sides facing each other of the.
through-holes arecommunicatingwith nozzle opan:i.ngs of a nozzle
plate (not shown). In the opposite sides of the through-holes,
there are formed through-holes 1b, 1b... and 1b’, 1b’... to
form ink supply ports communicating with reservoirs and
through-holes lc and lc’ to foxrm reservoirs cohnécted to the
through-holes 1b, 1b,... and 1b’, 1b’...

These through-holes la, 1b, lc, la’, 1lb’ and lc’ are
formed by anisotropic etching of a silicon single crystal
substrate having crystal orientation (110), as will be
described in more detail later. Accordingly, each of the
through-~-holes la forming pressure generating chambers as showm
in Fig. 3(b) is substantially shaped like a parallelogram
constituted by wall surfaces la-a, la-b, la-c and la-d
"perpendicular to a surface. Of the two wall surfaces la-a and
la-b extending in the direction of length of the through-hole
la to form a pressure genarating chambexr, one wall surface s'id.o
la-a abutting an extaention line of the wall surfece la-d at an
acute angle 8 in the xesexvoir side is p.-:.-ovidod with a
through-hole 1b to form an ink supply port partitioned by a
wall surface lb-a to !orm'th-q—om—-plm—as—the wall surface

IS BFFN
KY I\C' by




11

la-a, so that fluid resistance suitable to jetting of ink
droplets and supplying of ink to the pressure generating
chamber is obtained in accordance with the width and len.gt.h of
the through;hole 1b.

The wall surface lc-a foé:ning a through-hole 1lc as a
reservoir is formed to have the optimum shape as a reservoir by
zigzag repetition of fine planes for correction of the
;:rientation due to anisotropic etching.

These through-holes la, la, 1la..., 1lb, 1b, 1b... and
lc are fornied as through-holes each passing through a wall from
one side to the other side. The wall surfaces partitioning the
through-holes are perpendicular to a surface of the substrate
formed as spacer 1.

Fig. 4 shows another form of arrangement of the
pressure generating chambers. In the drawing, reference
numeral 5 designates a silicon si.ngle crystal substrate of
crystal orientation (110) having the same structure a#
described above. This embodiment xelates to the case where the
silicon single substrate is applied to a recording head having
4 nozzle opening trains. In the drawing, reference numerals
10, 10, 10... designate through-holes forming respective
pressure generating chambers. ., These axa formaed as
through-holes by anisctropic etching of the two sides of tﬁo
silicon single crystal substrate in the same manner as
described above. 1In one end of each of the through-holes 10,

10, 10..., that is, in a side opposite to the nossle opening
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gide, thexre are to.rmed through-holes 11, 11, 1l... to foxm ink
supply ports. ©Unlike the aforementioned embodiment, these
ihrough-holes 11, 11, 11.... are arranged so as to bea pa;-anel
to each other to form an angle of 35° with respect to an axial
line of the through-holes as pressure genexating chambers.
Through-holes 12, 12, 12. .. 28 reservoirs are connected to the
through-holes 11, 11, 11... as the respective groups of ink
supply ports. Further, ink f:low-in ports 13, 13, 13...
.being in communication with an ink tank are connected to fespective ones
of the through-holes 12, 12,... The through-holes 10, 10,
10... forming pressure generating chambers and the
'through-hole:;. 11, 11, 11l... <foxming ink supply ports are
connected to each other at an angle of about 110°, as shown in
Fig. 4(b). Because they are accordingly arranged so that
discontinuous portions are reduced as much as possible, points

of connection between pressure generatz.ng chambers and ink
supply ports are smoothed so that bubbles and the like can be
prevented from stagnation.

Although the aforementioned embodiment concerns the
case where pressure for Jetting ink droplets is qez?erate& by
changing the shape of each of the pressure generating chambers
through the piezcelectric vibratars ¢f the plate member, the
same effect can be achievad in the case where electric
resistance elements 19, 195, 19... are fixed to the plate

member 3 and mounted in the through-holes 1la, 1la, 1la...
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In the latter eﬁbodiment, pressure sufficient to Jjet ink
droplets can be genarated through instantaneous evaporation of
a very small amount of ink due to Joule.heating by supélying
electric currents to the electric resistance elements 19, 19,
19... in accordance with printing signals. '

Fig. 6 shows the process of producing the
aforementioned spacex. In the drawing, reference numeral 20
Aesignates a silicon single crystal substrate. of crystal
orientation (110) having a thickness of, for example, 220 um,
necessary for functioning as a spacex. A silicon dioxide film
21 having a thickness of, for example, about 1 um, necessary
fox functioning as a protective film in anisotxopic etching is
formed on the whole surface of the silicon single crystal
substrate by the method of heat oxidation (Fig. &(a)).

Hydrogen fluoride resisting protective films 22 and 23
having windows 24 and 25 coincident with the aforementioned
through-holes la, 1b and lc are formed on front and rear
surfaces of the substrate 20 coated with the silicon dioxide
film 21 by photolithography (Fig. 6(b)).

When etching is carried out with. hydrogen fluoride in
this condition, the silicon dioxide film 2i is partly removed
in accordance with the windows 24 and 25 to form through-holes
la, 1b and 1c. As & xesult, silicon dioxide £ilme 28 and 29
having windows 26 and 27 for silicon single c:ycul.otching are

formed (Pig. 6(c)).
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When etching is carried out with an aqueous solution of
about 17% potassium hydroxide kept at a constant temperature,
for example, B0°C, in the stage in which silicon dioxide
patterning is finished as described above; portions of the
windows 26 and 27 are selectively subjected to etching in
parallel to the plane of crystal orientation (111) from the
front and rear surfaces at a speed of about 2 pum pei minute
with use of the silicon dioxide patterns 28 and 29 as
protective films (Fig. 6(d)).

In the stage in which a through-hole 30 is formed by
anisotropic etching from the front and rear surfaces in the
aforementioned manner, the silicon dioxide films 28 and 29 used
.as masks are removed with hydrogen fluoride and then heat
oxidation is carried out again to form a silicon dioxide film
31 having a sufficient thickness, for example, about 1 um, as
a protective film on the whole expésed surface. As a result,
the silicon dioxide film 31 is used as a protective film
against ink (Fig. 6(e)). |

In execution of anisotropic etching of such a silicon
single crystal substrate having the plane of crystal
orientation (110) as a surface, (111) planes inclined with
respect to the crystal orientation (110) as shown in Fig. 7 are
formed using a target pattern.

Accordingly, when the flow passage resistance is to be
adjusted in accordance with the depth or when the spacer and

the nozzle plate are to be constituted by one substrate, the

S
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configuration-of élow passages ia complicated because etching
is stopped at the stage in which planes inclined with respect
to the surface of the substrate are formed. On the conérazy,
when etching is carried out so that the substrate is pierced
thoroughly, such inclined planes are eliminated so that
;espective_ surfaces partitioning a through-hole are foxmed
perpendicular to the surface of the substrate. As a result, a
flow passage of the size defined by the etching pattern can be
formed. |

Fig. B shows a progucing process in the case where a
silicon oxide crystalline substrate, for example, Z-cut
synthetic crystal, is used as a substrate constituting a
spacer. In the drawing, reference numeral 40 designates a
2-cut synthetic crystal substrate having a thickness, for

example, of 220 um, necessary for functioning as a spacer. A
metal film 41, for example, a 50 nm (500 angstrom) chromium and
100 nm (1000 angstrom) gold film, is formed on the whole
surface of the substrate by sputtering (Fig. 8(a)). '

Filme 44 and 45 having windows 42 and 43 coincident
with the aforementioned through-holas la, 1b Qnd lc axe formed
on front and rear surfaces of the substrate 40 coated with the
metal protective film 41 by photolithography (Fiq; 8(b)).

Then, the gold £ilm and the chromium £ilm are etched

with an agueous solution of potassium iodide and iodine and an

ammoniated cerium nitrate etching solution, respectively, and
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then the resist tilm is removed with a solution of nitric acid
and hydrogen peroxide (Pig. 8(c)).

When etching is started from the two surfaces éz the
substrate with an ammonium bifluoride saturation aqueous
solution or a mixture solution of hydrofluocric acid and
ammonium £fluoride kept at a predetamingd temperature, for
é;ample, 80°C, in the stage in which a predetermined etching
pattern is Zformed in the aforementioned mannexr, etching
progresses .at a speed of 70 um per hour (Fig. 8(d)).

When the etching of the substrate is finished, the
metal £ilm 41 is removed with an agueous solution of potassium
iodide and icdine and an ammoniated cerium nitrate etching
solution (Fig. 8(e)). 1In the case where a silicon single crystal substrate
is used, it is preferable that a silicon dioxide £ilm be formed
as a protective film. It is, however, unnecessary to form a
specific protective film, because ihe crystal has an inherent
resistance to chemical corrosion.- _

On the other hand, in the case where through-holes are
formed by etching of the synthetic cxystal substrate 40,
ovarhanging portions 50, 50 as shown in Fig. 9(a) are produced
from the point of view of the characterxistic of the material.
By carxying out over-etching in this condition, however,
nothing but overhanging portions 51 with a small pxojectinq
length AL is produced though the area of an opaning of the

through-hole is increased slightly (Fig. S9(b)).
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Because .over-etch.tng is, however, limited, a

through-hole in which overhanging portions 54, 54 having a
piojecting length AL’ as small as possible remain can be formed .
by etching a plurality of thin synthetic crystal substrates S3,
53 in the aforementicned manner, and then laminating the
plurality of substrates into a predetermined thickness, as
shown in Fig. 10. In the case where one spacer is fornied by
laminating a plurality of substrates, means of softening the
substrates while applying pressure therato or.means of adhering
the substrates by a general adhesive agent may be used.

" The spacer formed in the aforementioned manner is £ixed
so as to be inserted between the nozzle plate and the plate
nmenber to thereby define a flow passage constituent membex. In
dbing. so, respective joint surfaces may be welded under
pressure after applying an adhesive agent onto the respective
joint surfaces. Because such assembly using an adhesive agent
can be performed at ordinary tempe:atures with respect to the
spacer, the nozzle plate and the plate member, there arises an
advantagae in that not only :L.e; the assembly work simple, but
residual heat distoxtion causad by the difference between tha
expansion coefficients of the respective members as in the case
of an alloy jeining method ie prevented.

When an adhesive agent is used at the time of joining,
thexe is, however, a problem in that the adhaesive agent
overflows from the surfaces of adhesion to the through-holes
defining the pressure generat ing chambers end j.'nk eupplya ports
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to therxeby xednco.tho volume of each of the through-holes and

to thereby change the ink discharga quantity, even in the case
wvhexe the quantity of adhesive agent applied is carefully
controlled. |

Fig. 11 shows an embodiment of a spacer improveq to
cope with this problem. In the drawing, reference numeral 60
_designates a spacer member constituted by a silicon single
crystal substrate or a synthetic crvstal. The spacer member is
formed so that chamfered portions 62a, 62a, 62a_... having an
angle 8 with respect to other surfaces of adhesion are frovided_
in edges of partitions 62 partitioning through-holes 61
constituting pressure generating chambers and ink supply ports
so as to extend in the direction of length of the partitions
62.

The spacer 60 formed in the aforementioned manner is
joined with pressure to the plat.e member 67 abutting the
piezoelectric vibrators §6 and the nozzle plate 65 with the
nozzle openings 65a after the adhesive agent 63 (Fig. 11(b)) is
applied onto the surface therecof. °~ Thus, an ink-jet type
recording hdad is assembled.

The adhesive agent 53 overflows from the gap between
the spacer 60 and the nozzle plate 65 and the gap between the
gspacar 60 and the plate member 67 by pressure bonding after
application tharecf. The overflowing adhesive agent 63a enters
into sectionally V-shaped spaces | 68 formed between the
chamfexed portions €2a and the surface of tha plato mambex 67
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or the nozzle plate 65, is received in these spaces and spreads

along the chamfered portions. Accorxdingly, the formation of
spherical projections in specific points ie prevented, a; well
as the change of compliance of the plate membex §7, the
increase of fluid resistance of the :.nk supply ports to a
larger value than a set value, and the reduction of the volume
_of. each of the pressure generating chambers to a smallex value
than a set value,

Fig. 12 shows an embodiment in which a spacer is formed
by anisotxopic etching of a silicon single crystal substrate.
In this embodiment, isotropic etching with hydrofluoric acid is
appliéd at the stage in which anisotropic etching is finished.
When such isotropic etching is applied, the speed of etching of
acute regions such as edgé lines formed by the partitions 62
partitioning the through-holes foxmed by anisotropic etching
and the surface becomes larger than the speed of etching of
flat portions so that the edge portions are substantially
selectively subjected to etching.

In such chanfering using etching, each section is
shaped like a circular arc, .but secticnally V-shaped concave
spaces are formed between the nozzle plate and the plane of the
plate membar so that the adhesiva agnht overflowing from the
suxfaces of adhesion can be abscrbed by thae spaces.

An adhesive agent having a high viscesity such as an
epoxy adhesive agent, etc., is used for Joining of these

members. Because the adhesive agent ic applied by a2 screen
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printing mathod, a2 pad transferring method, a roll coating

method, etc., the quantity of the adhesive agent applied can be
controlled with a high accuracy. As a result, the :Eunct'ion of
the chamfered portions 62a and 62b is not affected as long as
spaces capable of absorbing the adhesive agent overflowing from
the surfaces of adhesion are available. Xt has accorxdingly
been confirmed that a volume capable of absorbing the adhesive
agent can be secured without reduction of the strength of the
wall surfaces as long as the width Aw or radius R of each of
the spaces is in a range of from about 1/12 to about 1/6 the
thickness of each of the partitions 62. |

Fig. 13 shows another embodiment of an ink-jet type
recoxrding head according to the present invention. 1In the
drawing, reference numeral 70 designates a silicon single
crystal substrate oxr a crystal substrate having crystal
orientation (110) and having a thickness sufficient to form a
spacer. As described above, through-holee 71, 71, 71... to
form pressure generating chambers, through-holes 72, 72, 72...
to form ink supply ports, and a through-hole to form a
reservoir (not shown) are formed by etching.

In this embodiment, wall surfaces 7la , 7la of the
thxough-hocles 71, 71 to forxrm éros_sure generating chambers and
wall surfaces 72a, 73a of the through-holes 72, 72 to form ink
supply ports are arranged sectionally rectangularly so that one

surface therecf has a plurality of fine planes 7la-a, 7la-a,
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7la- a... and 72a-a, 72a-s, 72a-a... and predetermined steps

71a-b, 7la-b, 7la-b... and 72a-b, 72a-b, 72-a-b._..

Grooves 73a and 74a extending in cthe dix:oc:i-on ot

thickness are formed in surfaces 73, 73, 73..., 74, 74, 74, ...
which do not substantially contribute <to forming the
aforementioned fine planes.
. When an adhesive agent 76 such as an epoxy adhesive
agent is applied onto surfaces of the thus-formed spacer 70 by
a screen printing method, a pad transferxing method, a roll
coating method or the like to form a predetermined thickness
(Fig. 14(a)) and then the nozzle plate or plate membexr 77 is
pressed by a predetermined amount of pressure F, the adhesive
agent surplus 76a overflows to the wall surface side of the
spacer 70 (Fig. 14(b)).

The adhesive agent spreads along the fine planes 7la-a
and 72a-a due to its surface tension (Fig. 14(c)), and then the
rectangular spaces constituted by the £ine planes 7la-a and
72a-a and the steps 7.1a-b and 72a-b are filled with the
adhesive agent (E‘iq'. 14(d)). The adhesive agent, ovexflowing
to relatively narrow wall surfaces 73 and 74, is brought into
the grooves 73a and 74a by capillary force so ;that the adhesive
agent cannot overflow to the surface. '

Although the aforamentioned embadiment relates to the

case where fine planes are prxovidad only in wa}l
surfaces to form pressure generating chambers and ink supply

ports in which sectional areas must be controllaed rola.tivoly
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strictly, LT 1s apparent that the same effect is achieved in

the case where a wall surface 81 of a through-)iole 80 to form

a reservoir and a wall surface 82 for limiting an ink supply

port 53 are formed sectionally rectangularly so that the wall

surfaces 81 and 82 have fine planes 8la, 8la, 8la... and 82a,
8§2a, 82a... and predetermined steps 81b, 81b, 81b... and 82b,
_82b, 82b..., shown in Fig. 15, in the same manner as described
above. When sectionally rectangular planes are. formed with
respact to a reservoir, the overflowing of the adhesive agent
to the through-holes is prevented so that an inJ:.-jet type
recording head higher in quality can be realized.

Fig. 16 shows a further embodiment of an ink-jet type
recording head according to the present invention. 1In the
drawing, reference numeral 85 designates a silicon single
cxystal substrate or a synthetic crystal substrate having a
thickness suitable for foming a spa::er. Through-hocles to form
pressure generating . chambers 86, ink supply ports and
resexvoirs are formed by etching. Further, the surface of the
spacer joined with the nozzle plate 88 having the nozzle
openings 88a and the plafe menber B89 by the adhesive agent is
roughed by an abrasive material or grinding stone' of mean
particle 5iz6 such that concave-gconvex portions BSa and 85b
with surface roughnesses of the oxder of nicrometers are formed.

According to this embodiment, the applied adhesive
agent flows intc the concave-convex portions of the surfaces.

When the nozzle plate and the plate membar are welded with
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pressure in this condition, the adhesive agent surplus tending
to flow out of the regions of adhesz.on is kept back hy the
capillary force of the concave-convex portions of the rough
surfaces 8o that the adhesive agent surplus is prevented from
overflowing. As a result, the choking of the nozzle opcpinqs
and the change of the volume of each of the pressure generating
-Chambers and the ink supply ports is prevented.

Fig. 17 shows a further embodiment of the present
invention. in the drawing, reference numeral 30 designates a
spacer constituted by a silicon single crystal substrate or a
synthetic crystq.l_ substrate. A nozzle plate 91 having nozzle

openings 9la and 2 plate member 92 are fixed to one surface of

the spacer and the other surface of the spacer respectively by

an adhesive agent. The spacer and pressure generating devices
such as piezoelectric vibrators 93 in this embodiment are fixed
to a pedestal 94 so that a pxessuré change is induced in the
pressure generating "chambers by the displacements of the
piezoelectxic vibrators 93 to thereby discharge ink droplets.

In the spacer 90, throuqh-holes 95 toc form pressure
generating chambars, through-holes 96 to form ink supply ports
and a through-hole 97 to form a reservoir are formed by etching
in the aforementicned mannexr.

A plurality of pertition poxtions 98a, 98z, %8a....
for limiting fluid resistance of the ink supply poxrts are
arranged as shown in Fi&. i8. In this. enbodiment, the

partition portions extend toward the through-hole 97 side, that
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is, toward the reservoir side, so that the length of a

- partition portion increases as the partition portion is

arranged every four through-holes so as to be far fxom an ink
flow-in port 99 communicatingwith an ink tank.

In this embodiment, the flow of ink from the ink supply
poxt 99 is partly inhibited by the paftition portions S8b, -
98b... extending toward the reservoxr 80 that. the ink flow is
converted into an ink flow toward the through-holes 96, 96,
96... to form ink supply ports in the wvicinity of the
partition portions. On the other hand, a part of the ink flow
not inhibited by the partition portions 98b, 98b... enters the

. deeper side so that the other partition portions 98b, 98b...

extending thereto convert the ink flow into an ink flow toward
the through-holes 96, 96, 956... to foxrm ink supply ports
placed in the vicinity of the partition portions.

As described above, accordix;q to the present invention,
there is provided an ink-jet type rscording head including a
nozzle plate provided with nozzle openings for jetting ink
droplats; a spacer provided with partitions for partitioning
pressure generating chambaers, ink supply ports and resarvoirs;
a plate member fixed to the other surface of the spacer so as
to be oppusite to the nozzle plate, the nozzle plate, the
spacer and the plate member being fixed to each other in a
sandwich-like arrangement; and & pressure generating means for
_applying a change of pressure suitable for forming ink droplets

to the pressure generating chambers; characterized in that the
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~ spacer is formed DY etching a silicon crystalline substrate oxr
a silicon oxide crystalline substrate from its opposite
surfaces so that the pressure generating chambers, tﬁe ink
supply ports and the reservoirs are formed in the form of
through-holes communicating with each other; and the spacer is
Zormed in the form of a cantilever so that £he partitions for.
partitioning the pressure generating chambers and the ink
supply ports are connected to a body on the nozzle opening
side, and the partitions form free ends on the reservoir side.
Accordingly, with this arrangement not only can the volume and
fluid resistance be controlled with high accuracy because the
spaces partitioning the pressure generating chambers, the ink
supply ports and the reservoirs can be formed by etching under
the same conditions, but the ink can flow without stagnation
while the wasteful action of surface tension is eliminated
because the wall surfaces partitioﬂing the through-holes are

perpendicular to the surface of the substrate.
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An ink-jet type recording head comprising: a nozzle plét;"
(2; 65; 77; 88; 891) provided with nozzle openings (2a;
65a; 88a; 91a) for jetting ink droplets; a spacer (1l; 60;
90) provided with partitions (62) defining pressure
generating chambers, ink supply ports and reservoirs;
said nozzle plate (2; 65; 77; 88; 91) being fixed to one

~surface of said spacer (1l; 60; 90), a plate member (3;
67; 89; 92) fixed to the other surface of said spacer (1;
60; 90) so as to be opposite to said nozzle plate (2; 65;
77; 88; 91), said nozzle plate (2; 65; 77; 88; 91), said
spacer (1; 60; 90) and said plate member (3; 67; 89; 92)
being sandwiched and fixed to each other; and a pressure
generating means for applying a change of pressure for
forming ink <droplets to said pressure generating
chambers; characterized in that:

said spacer (1l; 60; 90) is formed by etching one of a
silicon crystalline substrate and a silicon oxide
crystalline substrate from its opposite surfaces so that
said pressure generating chambers, said ink supply ports
and said reservoirs are formed in the form of through-
holes (la,b,c; 10, 11, 12; 71, 72; 95, 96, 97)
communicating with each other; and

said spacer (1l; 60; 90) is formed in the form of a
cantilever so that said partitions (62) for partitioning
said pressure generating chambers and said ink supply
ports are connected to a body on the nozzle opening side,
and said partitions (62) form free ends on the reservoir

side.

An ink-jet type recording head according to Claim 1,
wherein said silicon crystalline substrate is a silicon
single crystal substrate having a crystal orientation
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(110), and wherein wall surfaces (7la, 72a) partitioning
said through-holes (71, 72) are formed as surfaces
perpendicular to a surface of the substrate. '

3. An ihk-jet type recording head according to Claim 1 or 2,
wherein one-side wall surfaces partitioning said ink
supply ports and said pressure generating chambers are
formed in the same plane.

4. An ink-jet type recording head according to one of the
preceding Claims, wherein one-side wall surfaces
partitioning said ink supply ports are formed so as to be
the same plane as that of wall surfaces of the side in
which wall surfaces partitioning said pressure generatlng
chambers intersect at an acute angle.

5. An ink-jet type recording head according to one of the
preceding Claims, wherein said silicon oxide crystalline
substrate is a synthetic crystal substrate.

6. An ink-jet type recording head according to one of the
preceding Claims, wherein said partitions (62) of said
spacer (60) have chamfered portions (62a) with a width of
from about 1/12 to about 1/6 as much as the width of said
partitions (62), in lengthwise edge lines opposite to
said nozzle plate (65) and said plate member (67), and
wherein said spacer (60) is fixed to said nozzle plate
(65) and said plate member (67) by an adhesive ageﬁt (63)
so that spaces defined by said chamfered portions (62a),
said nozzle plate (65) and said plate member (67)
function as adhesive agent (63) absorbing spaces.

7. An ink-jet type recording head according to one of Claims
1 to 5, wherein said spacer is formed so as to be
rectangular in section so that each of the partitions
thereof is .constituted by & plurality of planes (71la-a,
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72a-a) and predetermined steps (7la-b, 72a-b), and
wherein said spacer is fixed to said nozzle plate and
said plate member by an adhesive agent (76) so that said

steps (7la-b, 72a-b) function as adhesive agent (76)

absorbing spaces.

An ink-jet type recording head according to one of the.
preceding Claims, wherein surfaces of said spacer (1; 60;

- 90) are roughened.

An ink-jet type recording head according to one of the
preceding Claims, wherein said pressure generating means
are constituted by piezoelectric vibrators (4; 93) which
vibrate in an axial direction, said piezoelectric
vibrators (4; 93) being fixed at one end to a pedestal
(5; 94) so that their one end abut respective diaphragms
opposite to said pressure generating chambers, and
wherein predetermined regions of said ink supply ports
and said reservoirs are fixed to said pedestal (5; 94).

An ink-jet type recording head according to one of the
preceding Claims, wherein said pressure generating means
comprise heaters for generating Joule heat fixed to the
plate member partitioning said pressure generating
chambers.

An ink-jet type recording head according to one of the
preceding Claims, wherein said partitions partitioning
said ink supply ports extend toward the reservoir side in
a manner so that said partitions increase in length at
every plural ones of said partitions in a direction away
from an ink supply port for an ink tank.
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INK-JET TYPE RECORDING HERAD

ABSTRACT

Described is an ink-jet type recording head including a
nozzle plate (2) provided with nozzle openings (2a), a spacer
(1) provided with partitions for partitioning pressure
generating chambers, ink supply ports and reservoirs, and a
plate member (3) which are sandwiched and fixed together.
Displacement of the plate member (3) is produced by
piezoelectric vibrators (4) to thereby generate ink droplets.
The spacer (1) is formed by anisotropic etching of a silicon
single crystal substrate so that the pressure generating
chambers, the ink supply ports and the reservoirs are formed
as through-~-holes communicating with each other. Accordingly,
etching conditions for the respective through-holes are made
equal to each other. Particularly, through-holes small in
sectional area such as the pressure generating chambers and
the ink supply ports can be formed with a high accuracy.

FIGURE 1
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on portiocns.

Accardingly, with this arrangement nat anly can the
volume and fluid resistanca be controlled with high
accuracy becausae the spaces partitioning the pressure
generating chambers, the ink supply ports and the res-
ervoirs can be farmed by etching under the same condi-
fions, but the ink can flow without stagnation while the
wasteful action of surface tension is eliminated because
the wall surfaces partitioning the through-holes are per-
pendicular to the surface of the substrate.
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1. An ini-jet type recording head comprising: a nozzle
plate (2; 6S; 77; 88; 91) provided with nozzle open-
ings (2a; 65a; 88a; 91a) for jetting ink droplets; a
spacer (1; 60; 90) provided with partitons (62)
defining pressure generating chambers, ink supply
ports and reservoirs; said nozzle plate (2: 65; 77;
88; 91) being fixed to one surface of said spacer (1;
60; 90), a plate member (3; 67; 89; 92) fixed to the
other surface of said spacer (1; 60; 90) so as to be
opposite to said nozzle plate (2; 65; 77. 88; 91),
said nozzle plate (2; 65; 77; 88; 91), said spacer (1;

. 60; 90) and said plate member (3; 67; 89; 92) being
sandwiched and fixed to each other; and a pressure
generating means for applying a change of pres-
sure for forming ink droplets to said pressure gener-
ating chambers; characterized in that:

said spacer (1; 60; 90) is formed by etching one
of a silicon crystalline substrate and a silicon
oxide crystalline substrate from its opposite
surfaces so that said pressure generating
chambers, said ink supply ports and said reser-
voirs are formed in the form of through-holes
(1a,b.c; 10, 11, 12; 71. 72: 95, 96. 97) commu-
nicating with each other; and

said spacer (1 60; 90) is formed such that its
partitions (62) for partitioning said pressure
generating chambers (1a; 10; 71; 95) and said

ink supply ports (1b; 11; 72; 96) are in the form
of cantilevers which have their free ends adja-

cent the reservoir (1c; 2; 97) and which are
connected to a body on the nozzle opening
side.

2. Anink-jet type recording head according to Claim 1,
wherein said silicon crystallina substrate is a silicon
single crystal substrate having a crystal orientation

~(110), and wherain wall surfaces (71a, 72a) parti-
tioning said through-holes (71, 72) are formed as
surfaces perpenducular to that (1 10) surface of said

Hll!lll I 00 W0
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substrate which is fixed to said nozzle plate.

3. An ink-jet type recording head according to Claim 1
or 2, wherein one surface (1b-a) of said walls parti-
tioning said ink supply ports (1b) is formed in the
same plane as one surface (1a-a) of the walls parti-

- fioning said pressure generating chambers (1a).

4. An ink-jet type recording head according to one of
the preceding Claims, wherein one surface of the
walls partitioning said ink supply ports is formed so
as to be in the same plane as that of one of the wall
surfaces partitioning said pressure generating
chambers at a side where two of said wall surfaces
intersect at an acute angle.

8. An ink-jet type recording head according to one of
the preceding Claims, wherein said silicon oxide
crystalline substrate is a synthetic crystal substrate.

6. An ink-jet type recording head according to one of
the preceding Claims, wherein said partitions (62)
of said spacer (60) have chamfered portions (62a)
with a width of from about 1/12 to about 1/6 as

- much as the width of said partitions (62), in length-
wise edge lines opposite to said nozzle plate (65)
and said plate member (67), and wherein said
spacer (60) is fixed to said nozzle plate (65) and
said plate member (67) by an adhesive agent (63)
so that spaces defined by said chamfered portions
(62a), said nozzie plate (65) ana said plate member
(67) function as adhesive agent (63) absorbing
spaces.

7. An ini-jet type recording head according to one of
Claims 1 to S, wherein said spacer is formed so as
to be rectangular in section so that each of the par-
titions therecf is constituted by a plurality of planes
(71a-a, 72a-a) and predetermined steps (71a-b,
72a-b), and wherein said spacer is fixed to said
nozzie plate and said plate member by an adhesive

agent (76) so that said steps (71a-b, 72a-b) func-
ion as adhesive agent (76) absarbing spaces.

R H.!!ll
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8. An ink-jet type recording head according to one of
the preceding Claims, wherein surfaces of said
spacer (1; 60: 90) ara roughened.

8. An inket type recording head according to ane of
the preceding Claims, wherein said pressure gen-
erating means are constituted by piezoelectric
vibrators (4; 93) which vibrate in an axial direction,
said piezoelectric vibrators (4; 93) being fixed at
one end fo a pedestal (S; 94) so that their one end
abut respective diaphragms opposite to said pres-
sure generating chambers, and wherein predeter-
mined regicns of said ink supply ports and said
reservairs are fixed to said pedestal (S; 94).

10. An ink-jet type recording head according to one of
the preceding Claims, wherein said pressura gen-
erating means comprise heaters for generating
Joule heat fixed to the plata member partitioning
said pressure generating chambers.

11. An ink4et type recording head according to one of
the preceding Claims, wherein said partitions parti-
fioning said ink supply ports extend toward the res-
ervoir side in a manner so that said partitions
increase in length at every plural ones of said parti-
fions in a direction away from an ink supply port for
an ink tank. i

p
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INK-JET TYPE RECORDING HEAD

Described is an ink-jet type recording head including a
nozzle plate (2) provided with nozzle openings (2a), a spacer
(1) provided with partitions for partitioning pressure
generating chambers, ink supply ports and reservoirs, and a
plate member (3) which are sandwiched and fixed together.
Displacement of the plate member (3) is produced by
piezoelectric vibrators (4) to thereby generate ink droplets.
The spacer (1) is formed by anisotropic etching of a silicon
single crystal substrate so that the pressure generating
chambers, the ink supply ports and the reservoirs are formed
as through-holes communicating with each other. Accordingly,
etching conditions for the respective through-holes are made
equal to each other. Particularly, through-holes small in
sectional area such as the pressure generating chambers and
the ink supply ports can be formed with a high accuracy.

FIGURE 1
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