WO 99/ 01284 9 +»»Bop on Demand | nk Jet Printing Apparatus This,axantison
relates to drop on denmand ink jet printing apparatus and, in one 5

exanple, to drop on demand ink jet printing.apparatus having a two

di mensi onal array of ink chanbers. Drop on demand ink jet printing
apparatus, particularly inkjet printheads, typically conprise a chamber
supplied with droplet flui d and comrunl cati ng 10 wth a nozzle for
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t hat does not suffe romthe“constraints of cross
electrical signals to vary the volume of the chamber, the volume variation

being sufficient to effect droplet ejection.

However, with such arrangements there remains problems associated with
15  providing a high density two dimensional array of ink chambers operable at
high frequency and with low manufacturing costs.

The present invention seeks to solve these and other problems.

20  Accordingly, it is an object of at least the preferred embodiments of the present
invention to provide ink jet printing apparatus that is capable of both high
performance and efficiency coupled with a simple manufacturing method and
low cost that can be manufactured into a two dimensional array:

25 - ltis another such object to allow simpler methods of electrical interconnect and
a wider choice of electrical interconnect methods within a shear mode drop on
demand ink jet printing apparatus.

it is another such object to allow a configuration of a roof mode shear disc
30  actuator that does not suffer from the constraints of cross talk between

neighbouring actuators
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capabi | i tynglf)agg}o a?ge matri x shear node array to be nmanuf ac?lkj‘r%e 9%’%?11§a

nunber of smaller matrices. In a first aspect, the present invention

provi des Iolr op-on-demand i nkjet printing 5-2- apparatus, conprising a nozzle
on a nozzle axjs; an,ink chanmber, extendi adi al | y. about the nozzl e axis;
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10  chamber with ink.

in one preferréd embodiment, the ink chamber extends a radial distance R
from the nozzle axis, the actuator being movable in the direction of the nozzle
between first and second configurations in a time which is at least half of the
15  time RJ/e, where ¢ is the speed of sound through ink in the ink chamber.
For example, with the ink chamber extending a radial distance of 0.5mm and
with the speed of sound through ink in the ink chamber being 500m/s, the
nozzle is moveable between configurations in a time which is at most 500ns.
Preferably, the nozzle is moveable between configurations in a time which is
20 at least an order of magnitude less than the time R/c, more preferably of an

order of nanoseconds.

In a preferred embodiment, the actuator comprises a piezoelectric actuating

diéc associated with the ink chamber and moveable to or from a domed
25  configuration to effect ink drop ejection, the apparatus further comprising

electrodes for applying an actuating electric field to the piezoelectric disc.

Preferably, the piezoelectric disc is homogeneous and so poled in relation to
the actuating electric field as to move in shear mode. If so, the electric field
30 may be applied in the direction of the nozzle axis, the piezoelectric disc being

poled radially.



In a preferred”egmzodi nent, the actuator conprises a piezoel eetrisssaamsat i ng
di sc associated with the ink chanber and noveable to or froma doned 25
configuration to effect ink drop ejection, ghe apparatus further conprising
el ectrodes for applying an actuating electric field to the piezoelectric

di sc. PreferabiThe plegopleenitetiectmay bdigated i Bw@ama@m&h@ﬂc&weggé ﬁ?{?(éfas
relation to the actuating electric field as to nove in shear node. SO,
the electric fitegdozale afsy be applied in the direction of the nozzle axis,
t he piezoelectric disc being poled radially. -3- The piezoelectric disc
may be poled in directions which all converge towards the nozzle axis. The
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t he pi ezoelBect idisc abuttingithe iok chamber iandpanoatherdleatrotie orpan jopposing faesiss
proj ecting al on he z7Zl. is, or with a recess substantially concentric
with the nozzl éﬁei}@zﬂ%zeqztﬂéd pply nmeans may serve to supply ink to the ink
chanber in a direction radially of the nozzle axis. The ink supply neans
may serve to s%y ink to the ink chanber at a plurality 15 of |ocations
di sposed circu disci mayybeprovidetdewithka qirajebting member girbjecting along the

nozzle axis, or with a recess substantially concentric with the nozzle.

10
The ink supply means may serve to supply ink to the ink chamber in a
direction radially of the nozzle axis.

The ink supply means may serve to supply ink to the ink chamber at a plurality

15  of locations disposed circumferentially about the ink éhamber;- preferably
serving to supply ink to the ink chamber around substantially-the entire
‘periphery of the ink chamber.

The ink chamber may be bounded by a generally circular structure providing

20 a change in acoustic impedance serving to reflect acoustic waves travelling in

the ink chamber radially of the nozzle axis. This change in acoustic

| impedance may be effected through a change in ink depth in the direction of

the nozzle axis. The structure may define an annulus of ink about the ink

chamber which in the direction of the nozzle axis is of a depth different from

25  the depth of the ink chamber. This annulus may form part of thé ink supply
means.

Preferably, the apparatus comprises a plurality of said nozzles, each having
a respective nozzle axis, said nozzles being provided in parailel and in a two
30 dimensional planar array; a plurality of said ink chambers, each extending
about a respective nozzle axis; and a homogeneous piezoelectric sheet having
a two dimensional array of said actuators, each actuator being associated with



serving to nk to the ink chanber around substanti al d8980 ire
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circular structure providing 20 a change in acoustic |npedance serving to
refl ect acoustic waves travelling in the i®k chamber radially of the nozzle
axis. This change in, acoys npedance may be effected through a change
in ink depth |ﬁ ﬁﬁeﬂl\?ee@ﬁ‘%'ﬁmlh "the nozzle axis. The structure may define
an annul us of ink about the ink chamber which in the direction of the
nozzle axis-is of a depth different from25  the depth of the ink chanber.

Thi's annul us it ecoh T Brrahgéinent, rthe sapperatusemay . cdinprise abplyralith ef said
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having a two dpggasiatedaespectivelyolitls thelinkaghamibsers. Thedhdividuahelectrodesgnay -
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10 .
The nozzles may be formed in'a nozzle plate, said nozzle plate being -
laminated with the piezoelectric sheet to provide said plurality of ink chambers.

The ink supply means may comprise an array of ink channels formed in said .

15  piezoelectric sheet, and ink transfer means for transferring ink from the ink
~ channels to the ink chambers. The ink trénsfer means may comprise an array

.of recesses formed in an intermédiate plate larﬁinatéd with the nézzle plate

and the piezoelectric sheet.

20 The nozzle plate, interconnection plate and intermediate plate may each
comprise a piezoelectric sheet, Alternatively, the nozzle plate, interconnection
plate and intermediate plate may each comprise a sheet of material thermally

 compatible with the piezoelectric sheet.

25 In a second aspect, the present invention provides drop-on-demand ink jet
printing apparatus comprising a nozzle; an ink chamber communicating with
the nozzle; a piezoelectric actuating disc associated with the ink chamber and
movable to or from a generally domed configuration to effect droplet ejection
through the nozzle; and electrodes for applying an actuating electric field to the

30 piezoelectric disc, wherein the piezoelectric disc is homogeneous and so poled

in relation to the actuating electric field as to move in shear mode.



be connected d-o-@kectrical pul se applying nmeans through respectempeuisss

el ectrical connections provided on an interconnection plate lamnated with
the nozzle plate and the piezoelectric shes. 10 The nozzles may be forned
in a nozzle plate, said nozzle plate being |am nated with the piezoelectric
sheet to provi Tre mipdratuﬂ mradyi fuythef comprise inksupply Means nbmprmbatnmgamth tinay
conprise an arra nk chanpel § forne a ctric, sheet,
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i nk chanbers. Qé Hk transfer rreans may conprise an array of recesses
formed in an i Mernedi ate plate laminated with the nozzle plate and the

pi ezoel ectric sheet. 20 The nozzle plate, interconnection plate and
i ntermedi ate plate nmay each conprise a piezogel ecbrl c sheet. Alter nat ively,
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sheet. I nven n provi
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chanber conmmuni cati'ng with the nozzle; a piezoelectric actuating disc

associated wth the ink chanber and novable to or froma generally doned
configuration to t_drao | .d l.ects odes
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the actuating electric field o nove in shear nod
nozzles each having a nozzle axis; a plurality of disc-shaped ink chambers
each extending about a respective nozzle axis and communicating with the
respective nozzle; a homogeneous piezoelectric sheet having a iwo
dimensional array of circularly symmetric actuating regions associated
15  respectively with the ink chambers; and electrodes on the piezoelectric sheet
enabling selective actuation of each region thereby to eject a droplet from the

associated nozzle.

in a fourth aspect, the present invention provides a method of ink jet printing
20  comprising the steps of establishing a planar body of ink in communication -
with a nozzle having a nozzle axis, the body of ink extending radially of the
nozzle axis; providing in the body of ink an impedance boundary extending
circumferentially of the nozzle axis; and selectively moving an actuator in the
direction of the nozzle axis so as to establish an acoustic wave travelling
25  radially of the nozzle axis in the ink chamber and reflected by the'impedance
boundary, thereby to effect ejection of an ink droplet through the nozzle.

The method may further comprise the step of replenishing the body of ink
following ink droplet ejection by supplying ink thereto in a direction radial of the

30 nozzle axis.

in a fifth embodiment, the present invention provides a method of
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The plurality of ink chambers may be provided by a two dimensional array of
circularly symmetric recesses formed in said piezoelectric sheet, each

156  actuating region comprising at least part of the bottom wall of a respective
circularly symmetric recess. |

The circularly symmetric recesses may be formed by removal of material from
the piezoelectric sheet, or during moulding of the piezoelectric sheet.
20
Polarised actuating regions may be formed by the steps of forming a resist
layer on each side of said piezoelectric sheet, exposing the outer side walls
and the central portion of the inner bottorn wall of each circularly symmetric
recess, developing said resist layers, forming a metallic layer on each side of
25  piezoelectric sheet to cover the exposed regions of each circularly symmetric

recess, and applying an electric field across said metallic layers.

Electrodes may be formed by the steps of subsequently removing said
developed resist layers and said metallic layers, forming resist layers on
30 respective faces of each polarised actuating region, developing said resist
layers, forming an electrically insulating layer on both sides of the piezoelectric
sheet, removing said resist layers to expose both faces of each polarised



boundary, thereby-t0 effect ejection of an ink droplet through¢thasumsidzl e.
The nmethod nmay further conprise the step of replenishing the body of ink
followi ng ink droplet ejection by supplyindgf4nk thereto in a direction
radi al of the 30 nozzle axis. In a fifth enbodi nent, the present
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nozzl es; applying electrodes on the piezoelectric sheet enabling selective
actuation of each region; and | am nat(;in_g the nozzle plate and the
YigH
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di sc-shaped in r e | t i t no | nd
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sheet effects drop ejection fromthe associated nozzle. The plurality of

i nk chanbers mhplassfasiconngelipmip eespretive indiddualgleerodss.of circilarl y-
symmetric recesses formed in said piezoelectric sheet, each 15 actuating
regi on conprising at |east part of the bottomwall of a respective

circul arl yosynmet rHrfay’ @F SRR - channels may be formed in the piezoelectric sheet for

supplying ink to the ink chambers. The array of ink channels may be formed
in the same side of the piezoelectric sheet as the array of circularly:symmetric
recesses, ink transfer means being provided for transferring ink from the ink
channels to the ink chambers. '

15
Preferred features of the present invention will now be described, by way of
example, with reference to the accompanying drawings, in which: .

Fig. 1 is a simplified exploded perspective top view of an embodiment of a
20 drop on demand ink jet printing apparatus with a plurality of circular shear disc

actuators;

Fig. 2 is a simplified exploded perspective bottom view of the apparatus shown
in Fig. 1;

25
Figs. 3 and 4 are more detailed exploded perspective views of a single

actuator shown in Fig. 1;

Figs. 5 and 6 are top views of matrix arrangements, showing a 144 by 144 dpi
30 arrangement and a 288 by 72 dpi arrangement respectively;

Fig. 7 is a side view of the single actuator shown in Fig. 3;



The circul ayogoiaget ri ¢ recesses may be formed by removal Qf-ridiagiial from
the piezoelectric sheet, or during noul ding of the piezoelectric sheet. 20
Pol ari sed actuating regions may be fornmed hy the steps of formng a resist
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both sides of the pjezoelectric sheet, renoving said resist [layers to
expose both fa@@?"@le‘é’%ﬁ’sﬁol ari sed -7- actuating region, and depositing
said el ectrodes on both faces of each pol arised actuating regions for
effecting deflection of the actuating regions in shear node in the
direction of tFigseliets 8i klustratecorrpembodiment 6fa &lrés idrrdémand ink%@ﬁﬁﬁﬁﬁ%‘
connections to individual electrodes may be forned on an interconnectio
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ejecting force for each ink chamber is provided by a piezoelectric sheet 14

having actuating regions 10 poled in a radial direction which, in operation,
deflect in a direction substantially towards a respective nozzle 19.

15 . Fig. 1 shows a simplified exploded perspective top view of a number of distinct
ink chambers 22 arranged in a 2 by 2 matrix. The apparatus is formed from
four layers, which may comprise the same material or thermally ‘compatible
materials.

20 The interconneét layer 21 has holes 12 formed therein through which electrical
connection fracks 13 to a drive circuit are passed.

The piezoelectric sheet 14 is machined or moulded so as to form a plurality of
recesses for defining the ink chambers 22, actuating regions 10 being formed
25  inrespective bottom walls thereof, The actuating regions 10 are designed so
as to allow the piezoelectric sheet 14 to deflect towards nozzle plate 18
without causing cross talk between neighbouring actuating regions. ink
channels 15 for allowing ink to flow from a reservoir (not shown) to the ink
chambers 22 are formed in the same side of the piezoelectric sheet 14 as the

30 recesses.

Cut away segments 16 in interposer plate 17 allow ink to flow from the



hol es for cenneecti®n to respective individual electrodes. 1@Cirpgpsanysay of
I nk channels may be fornmed in the piezoelectric sheet for supplying ink to
the ink chanbers. The array of ink channel sg-may be fornmed in the sane si de
of the piezoelectric sheet as the array of circularly symretric recesses,
i nk transfer mehaanslsi tinte thve irddcliambersaasfshowmby msaris afnthererrows in Fig.
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a single actuator shown in Fig. 1; Figs. 5 and 6 are top views of matrix
arrangenents, show ng a 144 by 144 dpi 30 ' arrangenent and a 288 by 72 dpi
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provided such that they are situated within the diameter of the orifices 20 of
the interposer plate 17.

10
The exploded perspective bottom view of the arrangement is shown in Fig. 2.
This figure shows more clearly the ink channels 15 and the ink chambers 22

formed in the piezoelectric sheet 14.

15  Each ink chamber 22 may be formed with a central projection or depression
situated within the ink chamber. The projection is shown as being cylindrical,
however it will be appreciated that it can also be hemispherical, triangular or .

' any other suitable shape. Although the projection as shown is smaller than the
orifice 20 in interposer plate 17 it is, of course, possible that a projection of the

20 same size or larger than the orifice 20 can be suitable provided that the
projection is free to move below or within the orifice 20. The projection or
depression 23 in the ink chamber 22 helps to increase the efficiency of the
actuator and improve the control of the drop size and velocity. Additionally,
the projection or depression provides a site for applying an electric field during

25 the radial poling of the actuating regions of the piezoelectric sheet 14 during
assembly or manufacture.

Electrodes are formed by sputtering or any other suitable method on both the
top surface of the ink chamber 22 and the bottom of the piezoelectric sheet 14.
30 When an electric field is applied between opposing electrodes, an associated
actuating region of the piezoelectric sheet that has been poled in a radial

direction deflects towards the orifice 20 and ejects ink from the nozzle 18.



Fig. 8is av%g;i%l%gew of the actuator shown in Fig. 3 in an ":‘%ﬁgﬁﬁ%ét at e:

Figs. 9(a) to f11ustrate steps in the manufacture of a

actuator; and 5 Figs. 10 and 11 are top views of alternative poling
arrangements for a piezoelectric disc. Figd0-1 to 8 illustrate one
enbodi mrent of a_drop on . d nd ink jet printjng apparatus. The apparatus
conprises a | arfi@8t 5da§9r d Qﬁt@tef’ﬁrmgf‘i%ﬁi'a? ﬁﬂPé?ep?Q}PﬁT"i‘ﬁ yegion apdr ink
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defl ect towards nozzle plate 18 w thout causing cross tal k between

nei ghbour iy a@rian ehapatrigisons. | nk channels 15 for allowing ink to flow
froma reservoir (not shown) to the ink chanbers 22 are forned in the sane
side of the piezoelectric sheet 14 as the 30 recesses.

The fact that only the ground electrode 25 is in contact with the ink means that
the passivation required when printing water based inks is reduced and in
some cases obviated entirely as no current flows from the electrode into the
15  ink, the piezoelectric sheet 14 acting as an insulation barrier. The piezoelectric
sheet can be joined to the interposer pla{e 17 and the interconnect piate 21 by -
. means of a conductive adhesive or any other convenient methodIn addition
the nozzles can be formed in situ as well as ex situ depending on the
preferred manufacturing method. '
20
Although Figs. 1 and 2 show a 2 by 2 matrix a full array assembly would
typically consist of a 16 by 16 nozzle array measuring approximately 18 by 18
mm. This gives rise to a dot density of the order 360 dpi. The print density can
be varied easily in the matrix arrangement simply by specifying a different print
25  density. For example Fig. § shows the actuator positions in a 12 by 12 matrix.
The matrix has total dimensions of 1 inch by 1 inch and each nozzle is
separated from the adjacent nozzle by 1/12th of an inch. A dot density of 144
dpi in both dimensions is formed by indexing the nozzles in both the horizontal
and vertical rows by 1/144th of an inch. Fig. 6 depicts the actuator positions
30 in a 24 by 12 matrix which gives rise to a drop density of 288 dpi in the
horizontal direction and 72 dpi in the vertical direction. The array is formed
from two 24 by 6 modules butted side by side. It is, of course, possible to butt



Cut away segremts-16 in interposer plate 17 allow ink to fl ow#romtihe

-9- channels 15 into the ink chanbers, as shown by neans of the arrows in
Fig. 2. The arrows show i nk being circul atdd-from one channel 15, through
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projection or depression situated within the ink chanber. The
projection is shown as being cylindrical, however it wll be appreciated
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which is poled radially in the direction of the arrow 27. Fig. 8 shows the
deflection of the piezoelectric disc as a potential difference is applied across
the electrodes 24,25 positioned tﬁex;eon. As the central projection 23 moves
towards the nozzle 19 a droplet is ejected. Once the electric field is removed
the piezoelectric disc returns to its original position shown in Fig 7.

The actuator is capable of emitting ink droplets responsively ___to applying
differential voitage pulses to the electrodes 24, 25. Each suph pulse sets up

" an electric field in the direction normal to the direction of polaﬁéaﬁon 27. This

develops shear distortion in the piezoelectric disc 14 and causes the disc to
deflect in the direction of the electric field, as shown in Fig. 8. This
displacement establishes a pressure in the ink chamber. Typically, a pressure

- of 30-300kPa is applied to operate the ink chamber and this can be obtained

with only a small mean deflection since the chamber dimension ‘normal to the
plate 14 is smail.

Dissipation of the pressure developed in this way in the ink, provided that the
pressure exceeds a minimum value, causes a droplet of ink to be expelled
from the nozzle 19. This occurs by reason of an acoustic pressure wave
which travels radially within the chamber, is reflected from the side walls of the
chamber to dissipate the energy stored in the ink and actuator, and converges
again in the centre of the chamber to effect ejection of ink from the chamber.
The volume strain or condensation as the pressure wave recedes from the



depression ZPoislolee | Nk chanber 22 helps to increase the effigbgag.af the
actuator and inprove the control of the drop size and velocity.

Additionally, the projection or depression provides a site for applying an
electric field during 25 the radial polrﬁ ~of the actuating regions of
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Various methods may be used to alter the drop ejection characteristics from
the ink chamber 22. One such method is to alter the shape and structure of
the ink chamber, for example, by increasing the radius of the ink chamber or
altering the profile of the orifice 20. The shape of the orifice 20, nozzle 19 and

15 the stiffness of the nozzle plate 18 affect the inertia of ink to be ejected from
the chamber. In addition, variations in the thickness of the piezoelectric disc
.can give rise fo variations in the shear deflection of the disc and altsr the drop
ejection characteristics.

20 Fig. 9 illustrates an embodiment of a method of forming a radially poled
piezoelectric disc in a piezoelectric sheet and subsequently depositing

electrodes thereon.

In this embodiment, a resist layer 100 is formed, for example, by sputtering,
25 on each side of the piezoelectric sheet. The portions of the resist layers
formed on the outer side walls 102 and the central portion 104 of the inner
bottom wall 106 of each recess are removed by, for example, a grinding,
ablation or etching technique, and the remaining portions of the resist layers
100 developed. A metallic layer 108 is deposited on each side of the
30 piezoelectric sheet to cover the exposed regions of each recess. As shown
in Fig. 9(a), an electric field is applied across the metallic layers to pole radially
the actuating regions of the recess so that a poled piezoelectric disc is formed



The fact that-only-the ground el ectrode 25 is in contact w tHttka$plesireans
that the passivation required when printing water based inks is reduced and
in sone cases obviated entirely as no curretd- flows fromthe el ectrode into
the 15 ink, the piezoelectric sheet 14 acting as an insulation barrier.
The pi ezoel ect rwith dhe giregtiongef pelarisatiarocemergingdppyasds the gentra pf el disee
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The resist layers are subsequently removed to expose both faces of the poled
piezoelectric disc, and electrodes 24, 25 deposited on respective sides of the
piezoelectric sheet, as shown in Fig. 9(c). Electrode 25 forms the common
15  ground electrode for all of the poled piezoelsctric discs, and vol{_ages can be
selectively applied to individual portions of the electrode layer 24'* to activate

poled piezoelectric discs as desired.

Whilst in the aforementioned embodiment the piezoelectric discs are poled
20 radially, that is, poled in directions that all converge towards the nozzle axis,
alternative poling arrangements of fhe piezoelectric discs may also enable
radial pressure waves to be genérated in thé ink chambers by shear mode

deflection of the discs upon actuation.

25  Figs. 10 and 11 illustrate two such alternative poling arrangements. Fig. 10
shows a plan view of piezoelectric disc 14 formed from two identical halves
143, 14b, each half being poled towards the diameter of the disc 14. In the
poling arrangement shown in Fig. 11, the piezoelectric disc is formed from four
identical quarters 14c...14f.

30
In the aforementioned embodiments, the actuating regions are formed by poled
piezoelectric discs. However, alternative shapes for the actuating regions are
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acts as the substrate and has orifices 12 to allow the tracks 13 fo the driver
chip to pass through. On the opposite side of the interconnect layer is the
piezoelectric sheet 14. Electrodes 24,25 are provided between the interconnect

15  layer and the piezoeleciric sheet. The piezoelectric sheet is carved, drilled or
moulded so as to provide paralle! ink c'ﬁannets 15 and a circular depression
-with a raised central reservation 23. The piezoelectric sheet is bpii‘ded to the
interposer plate or ground electrode which in turn is bonded to the nozzle
plate. When a charge is applied between the two electfodés, a selected

20 actuator 10 of the piezoelectric sheet 14 deflects in shear mode towards the
nozzle plate. This movement provides sufficient energy to eject a droplet from
the nozzle. A number of short pulses could be applied so as to increase the
size of the droplet ejected. A number of distinct pressure chambers 22
connected only by the parallel ink channels are arranged in a two dimensional

25  matrix which allows for increased distances between the actuators 10 allowing
for less densely packed electrical connections than are required in a linear
array.
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nunber of pulses in quick succession it is pOSSIb|e to increase the size of
the droplet ej aczekt amdiréplenishiment of the inkrahassherorithyinky | evel s. 10 Vari ous
nmet hods may be used to alter the drop ejection characteristics fromthe ink
chanber 22. One such nethod is to alter the shape and structure of

10 2. Apparatus according to Claim 1, wherein the ink chamber extends a

radial distance R from the nozzle axis and wherein the actuator is movable in
"the direction of the nozzle between first and second configurations in a time
which is at least half of the time R/c, where ¢ is the speed of sound through
ink in the ink chamber.
15
3. Apparatus according to Claim 1 of 2, wherein the actuator comprises a
piezoelectric actuating disc associated with the ink chamber and moveable to
‘or from a domed configuration to effect ink drop ejection, the apparatus further
comprising electrodes for applying an actuating electric field to the
20 piezoelectric disc.

4. Apparatus according to Claim 3, wherein the piezoelectric disc is
homogeneous and so poled in relation to the actuating electric field as to move
in shear mode.

25
5. Apparafus according to Claim 4, wherein the electric field is applied in
the direction of the nozzle axis, the piezoelectric disc being poled radially.

6. Apparatus according to Claim 5, wherein the piezoelectric disc is poled

30 in directions which all converge towards the nozzle axis.

7. Apparatus according to Claim 5 or 6, wherein the electrodes comprise
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means serves to supply ink to the ink chamber in a direction radially of the

nozzle axis.

11.  Apparatus according to any preceding claim, wherein the ink supply
15 means serves to supply ink to the ink chamber at a plurality of locations
disposed circumferentially about the ink chamber.

12.  Apparatus according to Claim 11, wherein the ink supply means serves
to supply ink to the ink chamber around substantially the entire periphery of
20  the ink chamber. '

13.  Apparatus according to any preceding claim, wherein the ink chamber

is bounded by a generally circular structure providing a changé in acoustic

impedance serving fo reflect acoustic waves travelling in the in_k chamber
25 radially of the nozzle axis. '

14.  Apparatus according to Claim 13, wherein said change.in acoustic
impedance is effected through a change in ink depth in the direction of the
nozzle axis.
30 :
15. Apparatus according to Claim 13 or 14, wherein said structure defines
. an annulus of ink about the ink chamber which in the direction of the nozzle
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second resist layers 110 formed on respective faces of tgﬂlm
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18.  Apparatus according to Claim 17 when dependent from any of Claims

3 to 7, comprising a plurality of said electrodes, one common ground electrode
15  on a face of the piezoelectric sheet abutting the ink chambers and on an

opposing face, individual electrodes associated respectively with the ink

chambers.

19.  Apparatus according to Claim 18, wherein the individual electrodes are .
20 connected to electrical pulse applying means through respective electrical
connections provided on an interconnection plate laminated with the nozzle

‘plate and the piezoelectric sheet.

20. Apparatus according to any of Claims 17 to 19, wherein said nozzles
25 are formed in a nozzle plate, said nozzle plate being laminated with the
piezoelectric sheet to provide said plurality of ink chambers.

21.  Apparatus according to Claim 20, wherein ink supply means comprises
an array of ink channels formed in said piezoslectric sheet, and ink transfer
30 means for.transferring ink from the ink channels to the ink chambers.

22.  Apparatus according to Claim 21, wherein the ink transfer means

A

3.
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pi ezoel ect riwodvsrzs4 However, alternative shapes for the actuad,Bgyieg ons
are -14- readily envisaged. For exanple, the actuating region nay take
any pol ygonal shape, for exanple, triangul g¢g. rectangul ar or hexagonal,

with segnents of the actuating region being suitably poled for deflection
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piezoelectric sheet.

25. Drop-on-demand ink jet printing apparatus comprising a nozzle; an ink

chamber communicating with the nozzle; a piezoelectric actuating disc

15  associated with the ink chamber and movable to or from a generally domed

configuration to effect droplet ejection through the nozzle; and electrodes for

~applying an actuating electric field to the piezoelectric disc, wherein the

piezoelectric disc is homogeneous and so poled in relation to the actuaiing
electric field as to move in shear mode. -

20
26. Apparatus according to Claim 25, wherein the piezoelectric disc is of
radius R’ and is movable to and from said domed configuration in a time which
is at least half of the time R’/c, where c¢ is the speed of sound through ink in
the ink chamber.

25

27. Apparétus according to Claim 25 or 26, further comprising ink supply
means communicating with the ink chamber for replenishment of the ink

chamber with ink following droplet ejection.

30 28. Apparatus according to Claim 27, wherein the ink supply means serves
to supply ink to the ink chamber in a direction radially of the direction of the

axis of the nozzle.
This Sheet Has Been Replaced
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20 actuator 10 of the piezoelectric sheet 14 deflects in shear node-
towards the nozzle plate. This novenent prqy des sufficient energy to eject
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chanber & 22 comibet PRAIPSACRURGBLFRER 47, 0 24 ieret 4L Slinylireipe;
two di mensi onalgedges tdsr%hbb;y i ohtha! Inkvéhadnither 8ica qrigritydof lotatiess lidpaRen
the actuators 10 allowing for | ess densely packed el ectrical connections

than are requi rairgumfeeertialiy about the/ink chagibens 1. Dr op- on-demand i nk j et
printing apparatus, conprising a nozzle on a nozzle axis; an ink chanber
extending radially about the nozzle axis; ink supply 5 neans

conmuni cat i%ng g h tékf‘pérﬁﬁxs‘%lﬁimlf\? {8 0aiAN28.0Haref tHERBLUBPly MEARs serves

direction of the nozzl'e axis to effTect e ection of an ink drdp through the
nozzl e and repltersuppireirnk tof thehiaki chambemareundisubstantiallythe entire periphery of
chanber is bougged b)é am%gneral ly circular structure providing through a
change in ink %t"Pik ha fdirection of the nozzle axis a 10 change in
acoustic inpedance serving to reflect acoustic waves travelling in the ink
chanber radially of the nozzle axis due to said notion of the actuator. 2.
Appar at us accor3fi.ng Apparatisnadcordingrtei any bé Glainsc2aid S0, svhereitssaidrelectic

5t o read o Teld Aol e Birablin o 105 B eBHHA iR AR ARL P

time which the piezoelectric disc is poled radially.

32.  Apparatus according to Claim 31, wherein the piezoelectric disc is poled
in directions which all converge towards the centre of the piezoelectric disc.
15 o
33. Apparatus according to Claim 31 or 32, wherein the ink chamber
extends radially about the axis of the nozzle, and the disc is moveable to
effect, through acoustic wave travel in the ink chamber radially of the axis of
the nozzle, droplet deposition through the nozzle.
20
34.  Apparatus according to Claim 33, wherein the ink chamber is bounded
by a generally circular structure providing a change in acoustic impedance
serving to reflect acoustic waves travelling in the ink chamber radially of the
nozzle axis.
25
35. Apparatus according to Claim 34, wherein said change in acoustic
impedance is effected through a change in ink depth in the direction of the

nozzle axis.

30 36. Apparatus according to Claim 34 or 35, wherein said structure defines
an annulus of ink about the ink chamber which in the direction of the nozzle
axis is of a depth different from the depth of the ink chamber.
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s at | east woeovkss of magnitude less than the tinme R c, whargc8yd/dGosshe

speed of sound through ink in the ink chanber. 3. Apparatus according to
Caiml or 2, wherein the actuator conprisgg a 20 pi ezoel ectric actuating
di sc associated with the ink chanber and eabl e to or froma doned

configuration tgy eff [ |.si ng
el ectrodes for E)grppl y%argﬁj%agg:g@}dﬁiﬁg%lgg r| c field tggﬁg F@%éﬁgﬁoréi
disc. 25 4. wheein asidsarmius firmg part 6f Hiening, supipqrmeanshe pi ezoel ectric

di sc i s honbgeneous and so poled in relation to the actuating electric
field as to nove in shear nDde 5. Appar atus according to C aimd4,

wherein the el rg C th zl e
axis, the piezoe ectAréé: | sc el ngbg(gﬁhg Iaqaigf%zs ﬁ%}é? Wg@%%ﬁgﬂ&’éﬁai ng
to d ai m 55 wheomprise'e griurrialbetesds on dufa@e oﬁtheqil@zbe!ébtﬂd: a%@tawmgﬂweqhk al |
converge towards the nozzl e axi s, 7 arat us accordin

Claim5 or 6, Whamber angearotbes el@atigd%@n@n @@@i@?ﬂgﬁadoethemmﬂeamcmmce
of the piezoelectric disc abutting the ink chanber and anot her el ectrode on
an opposing face of the piezoelectric disc. 5 8. Appar atus according to |

any of O ainms 3g o mppdmuglécc@ad:dgdo%yléf@rmsc@tdvsshMeﬁé”ﬁJ%' didc is
menber projecting along said nozzle axis. 9. Apparatus accordi hg to any

of Caims 3 toProvidadvatima paejecting membqrrmiawag along said nozzle axis.
10
40. Apparatus according to any of Claims 25 to 38, wherein each disc is
provided with a recess substantially concentric with the nozzle.

41.  Apparatus according to any of Claims 25 to 40, comprising a plurality
15  of said nozzles, each having a respective nozzle axis, said nozzles being
provided in parallel and in a two dimensional planar array; a plurality of said
ink chambers, each extending about a respective nozzle axis; and a
homogeneous piezoelectn'c sheet having a two dimensional array of said
actuators, each actuator being associated with a respective ink chamber. -

20
42. Apparatus according to Claim 41, comprising one common ground
electrode on a face of the piezoelectric sheet abuiting the ink chambers and
on an opposing face, individual electrodes associated respectiveiy with the ink
chambers.

25

43. Drop-oh-demand ink jet printing apparatus comprising a two dimensional
planar array of paraliel nozzles each having a nozzle axis; a plurality of disc-
shaped ink chambers each extending about a respective nozzle axis and
communicating with the respective nozzle; a homogeneous piezoelectric sheet
30 having an two dimensional array of circularly symmetric actuating regions
associated respectively with the ink chambers; and electrodes on the

piezoelectric sheet enabling selective actuation of each region thereby to eject
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wWith a recess substantially concentric with the nozzle. 10 10. Apparatus
accordi ng t wapyompsecedi ng claim wherein the ink supply nmeareT&BOSERDss O
supply ink to the ink chanber in a direction radiatty—of—the—noezzte axis.
15 11. Apparatus according to any preceghqng cl ai'éhm t he

rein | nk
supply means serves to supply ink to the ink chanbey s R ff‘{/ of
| ocati ons di spas@ebpier U iecadsoridted Moetle, t he i nk ' |Appar at us
according to Claim11l, wherein the ink supply neans 0 supply

ink to the ink chanber around substantially the entire periphery of the ink

chanber. 13. Qggar ording. to, any.precedi ng.cl aim. rei.n _said
general |y circular %#&f?ﬁﬁgéwﬁ%maﬁyaﬁ’nﬁ' ‘ghgl%'ri?ﬁ%cg]%%ﬁ?ﬁpqrrﬁ?de"ds
chanber whi ch i rhaRl Aistange’ ROt froth he (RSpEEAE Pod¥les ak® aﬁa%ﬂg%m each
different fromthe depth of the iInk chanber. 14. paratus according to

d ai m 13, her aqwmmwrmgiumlimmdvgblesinwae;diwcﬁoneaf@t & r_emm'lyenmha b?ﬂve@d
hopal o5 cach Hish sl sedasGorntidsatiths it fine S9BA S 8ot Ba blthe e R e

'n paral l el andypdtedc ¢'hesPERS bPEAInPHABAGh HK HY each MK/ERArhbyr.0f said Lnk

chanber s,

45.  Apparatus according to Claim 43 or 44, wherein each actuating region
10 is provided with a projecting member projecting in the direction of the

respective nozzle axis.

48. Apparatus according to Claim 43 or 44, wherein each actuating region
is provided with a recess substantially concentric with the respective nozzle.
15 _
47. Apparatus according to any of Claims 43 to 46, further comprising ink
- supply means communicating with each ink chamber for replenishment of ink
chambers with ink following droplet ejection therefrom.

20 48. Apparatus according to Claim 47, wherein the ink supply means serves
to supply ink to each ink chamber in a direction radially of the direction of the

axis of the respective nozzle.

49.  Apparatus according to Claim 47 or 48, wherein the ink supply means
25  serves to supply ink to each ink chamber at a plurality of locations disposed

circumferentially about that ink chamber.

50. Apparatus according to Claim 49, wherein the ink supply means serves
to supply ink to each ink chamber around substantially the entire periphery of
30 that ink chamber.

51.  Apparatus according to any of Claims 43 to 50, wherein each actuating

e i
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-17- each extending abqﬂ{ssﬁetr}@ge«ggk?ﬁiednozzl e axis; and a honobgeneous
t

pi ezoel ectric sheet havi sional array-of said actuatofs, each
actuat or beY@ ULt at e@“@ ﬂa H ctive ink chanber. 5 POBGBISAIREr at us
according to Caim15 wh

romany of Clains 3 to 7, conprising
a plurality of said el ectrodes, one comon.2p.ound el ectrode on a face of
the piezoelectric sheet abutting the ink chanbers and on an opposing face,

i ndi vi dual el ecegiotds neeabletoent from @edored cpnfiguration to efisctiniodiey gectidh,
17. Apparatus ag¢ o"di n% to Claim16, wherein the individual electrodes are
connected to eS8kt glecHp Bﬁlg?@'gaﬁ'ﬂ??gﬁg toapRly selestivply peArtdating-electris: fisld al

connecti ons prge(leggﬂ ée*%&‘ﬁhcd ggzéerf.onnect ion plate amnated with the nozzle

pl ate and the piezoel 15 18. Apparatus according to any of
Clainms 15 to 17, wherein said nozzles are forned in a nozzle plate, said
nozzl e plate being | am nated with the[cﬁi ezoel ectric. sheet to provide said

plurality 8 i8R chépparatusarcopdingtallainSdomdiergjntaach actuating ragien is s0i nk .

o1 ooosl cot i o S M Tpidn o el elistic BB BBV BTR shRARRIGHSm ¢ he
I nk channels to the ink chanbers. 20. Apparatus according to C aim 19,

wherein the ink transfer neans conprise an array of recesses formed in an
i nternedi ate pPdte Appanaius@captdingto Claime52oxhereinpthe actuating rlectric field is

R e

i nter medi 3pe pbaingy poled radidlyl se a piezoel ectric sheet.

54. Apparatus according to Claim 53, wherein each actuating region is
poled in directions which all converge towards the respective nozzle axis.

16 55, Apparatus according to Claim 53 or 54, wherein each ink chiamber
‘extends radially about the axis of the respective nozzle, and each actuating
region is moveable to effect, through acoustic wave travel in the respective ink

chamber radially of the axis of the respective nozzle, droplet  deposition
through the respective nozzle.

20
56. Apparatus according to Claim 55, wherein each ink chamber fs bounded
by a generally circular structure providing a change in acoustic impedance
serving fo reflect acoustic waves travelling in the ink chamber radially of the
respective nozzle axis. |

25 |

S§7. Apparatus according to Claim 56, wherein said change in acoustic
impedance is effected through a change in ink depth in the direction of the

nozzle axis.

30 58. Apparatus according to Claim 56 or 57, wherein said structure defines
an annulus of ink about each ink chamber which in the direction of the
respective nozzle axis is of a depth different from the depth of the ink chamber.
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30 22. Apparatus accordi_n&to G ai m 20 when dependent from d aim 17,
(=

wher ei n sai dyosdRksp! Ak e Be #énnection plate and saipdyidddfiRg at e
pl ate each conprise a shg | thermally conpatible with said
pi ezoel ectric sheet. | (il thod ef_ink jet printing conprising

the steps of establishing a planar body of 1nk in conmunication with a

nozzl e having ag9ozz ' y hi ' ' f
59022 \Bpatdtss eéét}%gaxﬁgf teP Clifk WMﬁmﬂ g@péﬁ@eﬁd frop? csé{gﬁ &

nozzl e axis; providing in ody of ink through a change In1n

in the directi owheteintaachoanmuusijormsapartgfdbe inesurply daeansxt endi-ng :
circunferentially of the nozzle axis; and selectively noving an actuator in
the direction of the nozzle axis so as to establish an acoustic wave

travel ling radighly A&p&ﬁu@%&%&a@é@éﬁg@of@%irﬁhSQBEQg?WhIe@ﬁgﬂ dgrag% BLCBHe8Y

t he i npedance boundar ere ej ection of an
t hr ough t heSnozedmpri$® 24ommomegroandaclectrdda@n a fataiofhthe, piebeslectnict steet

body of ink extends a radjal disjance R fromthe nozzJe axis,,,the actuator
bei ng noved i n abtting, e l"%ncrc‘ﬁm Rt Apd PR %PRE%ﬁ“Qi"%QFr émf!"'gﬂﬁbﬁ&m es

configurati onsm'%gb@ciétiegere\f’aﬁée&ggyzgﬁh th83sk 8ﬁ§'§ﬂ"eﬁr of magnitude | ess than

the tinme R/ c, erecils of 'soun rough ink in the ink
chanber. 25. A nethod according to Caim23 or 24, wherein the actuator

conprises a piezoelectric actuating disc as_soc‘i at ed \8 th the body of ink,
the actuator befhg Apparatus according to Claim 42 or 60, wherein the individual

10  electrodes are connected to electrical pulse applying means through respective
electrical connections provided on an interconnection plate laminated with the

nozzle plate and the piezoelectric sheet.

62. Apparatus according to any of Claims 42 to 61, wherein said nozzles
16  are formed in a nozzle plate, said nozzle plate being laminated with the

piezoelectric sheet to provide said_ plurality of ink chambers. .

63. Apparatus according to Claim 62, wherein ink supply means comprises
an array of ink channels formed in said piezoelectric sheet, and ink transfer
20  means for transferring ink from the ink channels to the ink chambers.

64. Apparatus according to Claim 63, wherein the ink transfer means
comprise an array of recesses formed in an intermediate plate laminated with
the nozzle plate and the piezoelectric sheet.

25 | |
65. Apparatus according to Claim 64 when dependent from Claim 61,
wherein said nozzle plate, said intermediate plate and said interconnection

plate each comprise a piezoelectric sheet.

30 66. Apparatus according to Claim 64 when dependent from Claim 61,
wherein said nozzle plate, said intermediate plate and said interconnection

plate each comprise a sheet of material thermally compatible with said
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moved to or froma doned configuration to effect ink drop ejection,

el ectrodes 20  bei ng prisgheqdips Besp Relastdyi ng an actuating el ectric field to
the pi ezoel ¥Q¥U2%i sc. DHE (ML according to O ai m 25 PGIHERBOWSEhe

pi ezoel ectric disc is hophilE so poled in relation to the actuating
electric field as to nove in shear node. 22427. A nethod according to
Claim 26, wherein the electric field is applied in the direction of the
nozzl e axis, tipiezseieatdcsbeet.c di'sc being poled radially. 28. A method
according to Caim27, wherein the piezoelectric disc is poled. 30 in
directions which all converge towards the nozzle axis. 29. A nethod

according to cb?g m N mthdBof md@jﬁtfﬁriﬁtihﬁ%oﬁhﬁ‘%irfgﬁt&@%tw ésisb@yﬂf)q)a' ?%(nar

el ectrode on a face of the piezoelectric di'sc abutting the bo
-19- and anot hbodylofdnk dsommunicatignositng nexze bavingea pozde alxis, the body of

30. A nethod agcording to of ains_24 to 29, .furthey c Fising the
step of repl en?’gﬁi ri‘ﬁ'ég Hﬁa@m}ﬂf"fi ﬁ? PBF?’SV\?’H@PW'@PQp’Pe{heeﬁ@nBYi%n"%ya"
suppl yi ng i nk 140§ | QN h 8 Zhta | g3 A
met hod accor di ﬁsptegg@%it?n’%@?%e’?@ﬁh?hg@ﬂtﬁ?’?ﬁgﬂ% ?fl 2‘3&3 a ,plaE?% %?9 of
| ocati ons di spsskdtivelycmoiingeani adtigtoabin thetdirediiodyofothel nkzzla Gaxis 32. as Ao
net hod according tg Claim 31, ., whereip the ink.js s | i ed ground, .
substantial |y ?g@@'ﬁbia% "‘}?QF?’%@Y@’%P"""V@S"QJ@Q’@Y &ﬁ e nozzle axis in the ink

chamber and reflected by the impedance boundary, thereby to effect ejection

10  of an’ink droplet through the nozzle. '

68. A method according to Claim 67, wherein the body of ink extends a
radial distance R from the nozzle axis, the actuator being moved in the
direction of the nozzle between first and sécond configurations in a time which

15 is at least half of the time R/c, where ¢ is the speed of sound through-ink in
‘the ink chamber. E :

69. A method according to Claim 67 or 68, wherein the actuator comprises
a piezoelectric actuating disc associated with the body of ink, the actuator
20 being moved to or from a domed configuration to effect ink drop ejection,
electrodes being provided for applying an actuating electric field to the

piezoelectric disc.

70. . A method according to Claim 69, wherein the piezoeleétric disc is
25 homogeneous'and so poled in relation to the actuating electric field as to move

in shear mode.

71. A method according to Claim 70, wherein the electric field is applied in

the direction of the nozzle axis, the piezoelectric disc being poled radially.
30

72. A method according to Claim 71, wherein the piezoelectric disc is poled

in directions which all converge towards the nozzle axis.

e
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conpri si'ng wbo®ssisps o pl at e havi ng a two pimepsI099ss!

pl anar 15 array of p each having a nozzle axis; formng a
honpgeneous pi ezoel ectri at di mensi onal array of '
circularly syrmetrl c actuating regions ass6@tiated respectively with the

ot uation of ohan 1 qPo e B iale 71 M 12, SrBRaRin g elayopts eBhibiee'
piezoel ectric §Q;?6&nd eéetiodd éu@taefacétdfteﬁé ezodfectri® tise abuttingtid bédy bf ikof

di sc-shaped ink “"chanbers each extending out a respective nozzle axis and
communi cat i ng and lanotiker eleptrode va mmpesmgafaneaﬁéhg@em!mmdmm by a
generally circular structure providing in the manufactured apparatus a
change in acoustic inpedance through a change in ink depth in the direction
of the nozgle S

that ink c anbgzré ra§ \é'tﬁkﬂi ?eccﬂ’a r{r% gyggé%%\@ggéaﬁufgﬁ%ﬁ&ﬂn gggg | ect ed
regi on of the snepszeleplnmshlng Iﬁwbodyd)fumiefﬂbwmg fr‘tk(ﬂromatpejex}tm:\tbyosupplwngt he
associ ated nozzle, 34. A nethod accgr to Cl aim 33, wherein each ink
chamber ext endifkghgeeto ingy n&%ﬁ?"tlﬂ"sﬁiﬁ%' f&ge NBEH] A¥Sr espective nozzle axis
and wherein each actuating region is novable in the direction of the
respective nozzle between first and second configurations in a time which
is at |east an79rdeA piethodradcoedingeies Cldian 7dhewhénein fheé dnk vibesupplied satt e

speed of sound through. ink in each ipnk cha
P 10 - plurahtgL/I %f l(l)catlolns d:sposeld crrcumPtr)entxaily abou(% the body of ink.

33. A nethod of manuf aﬁB%eema gr Oﬁ- ni-:dceierrand ink jet printing apparatus,
ar

76. A method according to Claim 75, wherein the ink is supplied around

substantially the entire periphery of the body of ink.

16 77. A method according to any of Claims 67 to 76, wherein the impedance
boundary is provided by changing the ink depth in the body of ink in the
direction of the nozzle axis. '

78. A methed of manufacturing drop-on-demand ink jet printing apparatus,
20  comprising the steps of forming a nozzle plate having a two dimensional planar
" array of parallel nozzles each having a nozzle axis; forming a homogeneous
piezoelectric sheet having an two dimensional array of circularly symmetric
actuating regions associated respectively with the nozzles; applying electrodes
on the piezoelectric sheet enabiing selective actuation of each region; and
25 laminating the nozzle plate and the piezoelectric sheet, the laminated structure
providing a plurality of disc-shaped ink chambers each extending about a
respective nozzle axis and communicating with the respective nozzle, such
that in the manufactured apparatus, actuation of a selected region of the
piezoelectric sheet effects drop ejection from the associated nozzle.
30
79. A method according to Claim 78, wherein each ink chamber extends a
radial distance R” from the respective nozzle axis and wherein each actuating

| RRER OB AR DR -- T ST s e |
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35. A nethod accor di nThid ShedeHRAIFRLR3 12564 34, wherein each actuating region is

noveable to_or froma d [ tion to effect ink drop ejection, said
el ectrodes BY?AYZPbI i emnum&m!ﬂgzmel ectric sheet so as t OPGERIEBY8/019S5
selectively an actuatin |d to each actuating region. 5 36. A
met hod according to Caim 35, wherein each-2fetuating region is so poled in
relation to the actuating electric field as to nove in shear node. 37. A

met hod accor di H§9iah 1§ Biovable, incthertierntiontefriheregpestivecnonyie bebuedr first and

ol ed i 1 di r ectSRSHEt G0 2 Hros Bhieh i ot FESF 0B8R f tht e R e
15 39. A meldpothaCssset BBsédhd by inifin Sdch IMRARIMb&al d pl urality of

i nk chanbers are provided by a two dinensional array of circularly
symmetric recesses fornmed in said piezoelectric sheet, each actuating

regi on co | Si at, | east .part _of the, bottgm | .of a respectiye .
circul arl %ym@f‘ri (At"é%ggg.a%r&ngfé‘? %‘ﬂ"hégrﬂf%mﬁfemﬁa? aé%\(*ﬂgc{gglon
characteri sed ' ' 1 I

mater i al 11 om the eHHNe g BF bl & doifed cRHAGURator 13 SREETAR gty SfEER, sl
characteri sed lgjedtrodembeineapplied Wratheypisyoeletiricsheet se sasstodappiy geleutiveiyng
of the piezoelectric fhee‘_‘é%% 4@ A rRatgﬁd .according to any of Clains 36
to 41, wherei n aMactHafing eledinc feldhio eRch aeUAHRA £eAUORor ned by the steps of
formng a resist. | ayer on each side of said piezoelectric sheet, exposing
the outer side walls and the central portion of the inner bottomwall of
each circdifar | Bisy miemethod ecessdingléo Slaim 80, whietkin each actuating region is so

poled in relation to the actuating electric field as to move in shear mode.

82. A method according to Claim 81, each actuating region being poled
radially.

15
83. A method according to Claim 82, each actuating region being poled in
'directions that all converge towards the respective nozzle axis.

84. A method according to Claim 82 or 83, wherein said plurality of ink

20  chambers are provided by a two dimensional array of circularly symmetric
recesses formed in said piezoelectric sheet, each actuating region comprising
at least part of the bottom wall of a respective circularly symmétric recess.

85. A method according to Claim 84, characterised by forming the circularly
25  symmetric recesses by removal of material from the piezoelectric sheet.

86. A method according to Claim 84, characterised by forming the circularly
symmetric recesses during moulding of the piezoelectric sheet.

30 87. A method according to any of Claims 81 to 86, wherein the polarised
actuating regions are formed by the steps of forming a resist layer on each
side of said piezoelectric sheet, exposing the outer side walls and the central
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sheet to COVKDQQM‘IQ&EXD &R _aﬂeéach circularly symet pct/GBog/e®ss and

30 resi st |ayers, nmetallic layer on each side of piezoelectric
applying an electric fi ﬁ% | nmetal lic |ayers. -21- 43. A

met hod according to d ai , sai d.gfectrodes are fornmed by the
steps of subsequently renoving sald devel oped resist |layers and said

metal lic |ayer 3;01—&‘@:5 B7 the ihR&r Sdttdr YailFof@achsieaRiry\synimetit retesg develo
pol arised 5 tuating region, developing said resist |ayers, f'or m ﬁ a

el ectrical l yd| said casistjayerse forpning & metallic iayer omeath sidecifeiezoelectricsheet -
renmoving said resist ayers tQ _expose.both f ,
actuating regi &' Xﬁﬁ F?&ﬁ@g §9§&f8pglapy§l§1§§y§&nﬁ§tﬁt:?§%€{s' %ﬁgégelwng
pol ari sed actugfy gg rﬁgﬁéla%&@és ghianktame ferect i on of the actuating
regions in shear 8e In the direction of the electric 10 field applied

by the el e@rodes. 44. A nethod according to any of Clainms 33 to 43,

wh
't er connect | 088l ak MR BRCUHMGERCiafo 5. itFin e S8 s ded ormanto, o

according 1o Chaliadds BEHRBHEERSF FeibvirifsaRP evalgpal reist Ifydiacand stid

I nterconnection pla e om pi eZo ectrlc terla nmet hod
according to Crastallit4layersrfooming sesist layersonseespective facqs af eaﬁb polansbd

sald inter Connea%tt&a?tpng s!e%Eoen %reeel]:)%mngegalé r:.'cfz-)srps ayt/eerrs %rmtir?ge érq%‘éc\{ric_:ca(ﬁ%r?stdlgtgneg
10  layer on both sides of the piezoelectric sheet, removing said resist layers to
expose both faces of each po!aﬁsed actuating region, and depositing said
electrodes on both faces of each polarised actuating regions for effecting
deflection of the actuating regions in shear mode in the direction of the electric
field applied by the electrodes. ' |
15 .
89. A method according to any of Claims 78 to 88, wherein electrical
" connections to said individua! electrodes are formed on an interconnection

plate mounted on said piezoelectric sheet.

20 ©0. A method according to Claim 89, characterised in that said nozzle plate
and said interconnection plate are formed from piezoelectric material.

91. A method according to Claim 89, characterised in that said nozzle plate
and said interconnection plate are formed from material thermally compatible

25  with said piezoelectric sheet.

92. A method according to any of Claims 89 to 91, characterised in that

holes are formed in said interconnection plate, said electrical connections

passing through said holes for connection to respective individual electrodes.
30

93. A method according to any of Claims 78 to 92, characterised by forming

an array of ink channels in said piezoelectric sheet for supplying ink to the ink

(T . |




with said piezoelectric sheet. 47. A nethod according to any of Cainms 44
to 46, characterised i rThtsBEa‘et}h@B&ﬁRQﬂaeedf ormed in said interconnection .

pl ate, said %Pe¥PifLal sing 25 through sai dPRHFESAIGSS
connection to respectlve Igmlﬂﬁectrodes 48. A nethod according to
any of Clainms 33 to 47, by fo?8ring an array of ink channels
in said plezoelectrlc sheet for supplying ink to the ink chanbers. 30 49. A
met hod accor di r@hﬁ"ﬁ &1Sai m 48 when dependent from Cl ai m 39, characterised by
formng said array of ink channels in the same side of the piezoelectric
sheet as the array of circularly symmetric recesses, and providing -22-
ink transfer negfis fArmietiots aetoiding ltakcfafmrrgahnhemdeﬂmm#rdm Chimi 84,
chanmbers. 50. A nethod according to Claim49, characterised by providing

said ink tr ansfcharamﬁgedpyf forming; said arayof dnk chana%lgpnﬁwmwa aof the

oi ezoel ect 1 o HgRaeatiaect e e Bt roathlahtinetRERSEs 2 i Viding

channel and a Qhk%éﬁ]fbi/ G rdritiéting h‘nk frofh 1R AR Sfivets 19 & MK -
of Clainms 33 to }in sai d generall y circular structure defines

an annul us of ichiarabenst” each i nk chanber V\:hl ch in the direction of the
respective nozzle axis is of a depth different fromthe depth of the

95. A method according to Claim 94, characterised by providing said ink

10  -supply means by forming an array of ink supply recesses in an intermediate
plate, said intermediate plate being mounted on said piezoelectric sheet so
that each ink supply recesses overlaps an ink channel and a cifcu!arly
symmetric recess.

15 96. A method according to any of Claims 78 to 95, whérein each ink

chamber is bounded by a generally circular structure which, in the
| manufactured apparatus, provides a change in acoustic impedance serving to

reflect acoustic waves travelling .i'n the ink chamber radially of the respective

. nozzle axis. '

20
97. A method according to Claim 96, wherein said change in acoustic
impedance is effected through a change in ink depth in the direction of the
nozzle axis.

25 ©08. A method according to Claim 96 or 97, wherein said structure defines
an annulus of ink about each ink chamber which in the direction of the
respective nozzle axis is of a depth different from the depth of the ink

chamber.

30 99. A method according to any of Claims 78 to 98, wherein each actuating
region is formed with a projecting member projecting in the direction of the

respective nozzle axis.
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I nk chanber. 52. A nmethod according to any of Clains 33 to 51, wherein
each actuatwog9eBss region is forned with a projecting nmenbCTGBIS®IKSNg i n
the direction of the respective nozzle axis. 53. A nethod according to any
of dains 33 to 52, wherein each actuatingggegion is fornmed with a recess
substantially concentric with the respective 20 nozzl e.

100. A method according to any of Claims 78 to 89, wherein each actuating

region is formed with a recess substantially concentric with the -respective -

nozzle. /
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