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deposition apparatus in which the piezo-electric actuator means are of
improved efficiency and are This Invention relates to pulsed droplet
deposition  better matched in the channel - or as the case may apparatus.
Typical of this kind of apparatus are pulsed  be, each channel to the
output Impedance of the liquid droplet inkjet printers, often also referred
to as "drop-   5   and nozzle aperture. Another object is to provide a
on-demand" inkjet printers. Such printers are known,  pulsed droplet
deposition apparatus with piezo-elec- for example, from United States
patent specifications  trio actuator means which readily lends itself to
mass 3,946,398 (Kyser & Sears), 3,683,212 (Zoltan) and  production. A still
further object is to povide a pulsed 3,747,120 (Stemme). In these
specifications an Ink or  droplet deposition apparatus which can be
manufac- other liquid channel is connected to an ink ejection   10  tured,
more easlythan the known constructions refer- nozzle and a reservoir of the
liquid employed. A pie-  red to, in high density multi-channel array form.
Yeta zo-electric actuator forms part of the channel and is  further object
is to provide a pulsed droplet deposition displaceable in response to a
voltage pulse and con-  apparatus in multi-channel array form In which a
sequently generates a pulse in the liquid in the chan-  higher density of
channels, e g. two or more channels nel due to change of pressure therein
which causes  15  per millimetre, can be achieved than in the known con-
ejection of a liquid droplet from the channel.     structions referred to.
The configuration of piezo-electric actuator       The present invention
consists in a pulsed droplet employed by Kyser and Sears and Stemme isa
diap-   deposition apparatus characterised In that a liquid hragm In
flexure whist that of Zoltan takes the form of  droplet ejection nozzle, a
pressure chamber with a tubular cylindrically poled plezo-electric
actuator. A   20  which said nozzle communicates and from which said
flexural actuator operates bydoing significant internal  nozzle is supplied
with liquid for droplet ejection, a work during flexure and Is accordingly
not efficient. It  shear mode actuator comprising poled piezoelectric Is
also not ideally suitable for mass production   material and electrode
means for applying an electric because fragile, thin layers of
piezo-electric material  field thereto, and liquid supply means for
replenishing have to be cut, cemented as a blmorph and mounted   25  in
said chamber liquid expelled from said nozzle by In the liquid channel. The
cylindrical configuration also  operation of said actuator, characterised
in that said generates internal stresses, since it is In the form of
actuator is disposed so as to be able under an electric a thick cylinder
and the total work done per ejected  field applied between said electrode
means to move droplet Is substantial because the amount of plezo-  In
relation to said chamber in shear mode In the direc- electric material
employed is considerable. The out-  30  tion of said field to change the
liquidipressure in said put impedance of a cylindrical actuator also proves
chamberand therebycause dropleteJection from said not to be well matched to
the output impedance pre-  nozzle. sented by the liquid and the nozzle
aperture. Both     Suitably said chamber has a side wall of which types of
actuator, further, do not readily lend themsel-  said actuator forms a part
at least, the liquid of said vesto production of high resolution droplet
deposition   35  chamber and said actuator being thereby closely apparatus
In which the droplet deposition head Is for-  coupled. med with a
multi-channel array, that is to say a droplet  Advantageously, said chamber
is of generally deposition head with a multiplicity of liquid channels
rectangular cross-section formed by a palr of opposed communicating with
respective nozzles.             longer walls and a pair of opposed shorter
side walls Another form  of pulsed droplet deposition   40  and said
actuator provides part atleastof one of said apparatus is known from United
States patent speci-  longer side walls. fication 4,584590 (Fishbeck &
Wright). This speci-     In one form of the Invention said chamber com-
fication discsses an array of pulsed droplet       prises a channel and is
characterised In that said deposition devices operating in shear mode in
which  shear mode actuator is provided in a wall of plezo- a series of
electrodes provided on a sheet of piezo-  45  electric material having
inner and outer faces extend- electric material divides the sheet into
discrete  ing alongside said channel and said electrode means deformable
sections extending between the elec-    comprise electrodes which are
provided on and trodes. The sheet Is poled in a direction normal   extend
over substantial parts of said wall faces for thereto and deflection of the
sections takes place in  applying an electric field In a direction
transversely to the direction of poling. Such an array is difficult to  50
said wall faces, said plezo-electric material being dis- make by
mass-production techniques. Further itdoes  posed so as to be displaceable
In shear mode in the not enable a particularly high density array of liquid
direction of said field transversely to said channel to channels to be
achieved as Is required in apparatus  cause droplet ejection from said
nozzle. Suitably, said where droplets are to be deposited at high density,
as  actuator wall extends a substantial part of the length for example, In
high quality pulsed droplet, inkjet prin-  55  of said channel from said
nozzle. In one preferred ver- ters.
sion, said actuator wal has opposite substantially par- It is accordingly
one object of the present inven-  allel edge surfaces extending normal to
said innerand tion to provide single or multi-channel pulsed droplet  outer
wall faces along which it is connected to said 2    



3                   EP 0 277 703 B1                 4 channel In liquid
tight manner, one of said edge sur-  electric field In a direction
lengthwise of said wall, said faces being rigidly connected to said channel
and a  piezo-electric material being orientated so as to be compliant
sealing strip connecting the other of said  displaceable in shear mode in a
direction transversely edge surfaces to said channel. Advantageously said
to said field direction and to said channel to cause channel is of
rectangular cross-section having   5   droplet ejection from said nozzle.
Suitably, said opposed top and base walls and opposed side walls,  actuator
wall is formed with upper and lower oppo- one of said side walls providing
said acluator wall, and  sitely orientated parts and opposite edge surfaces
of Is characterised in that said side and base walls are  said actuator
wall which extend normal to said inner formed from a single piece of
material including ple-  and outer faces thereof and lengthwise of said
chan- zo-electric material.                           10  nel are secured
to said channel In liquid tight manner In a furtherform of the Invention
sald actuator wall  whereby said applied electric feld serves to deflect is
formed with upper and lower oppositely orientated  said actuator wall parts
transversely to said channeL parts and opposite edge surfaces of said
actuator wall  Advantageously, each of said upper and lower which extend
normal to said inner and outer faces  wall parts is provided with a series
of electrodes cor- thereof and lengthwise of said channel are secured to
15  respondingly spaced along the length of said wall said channel In
liquid tight manner whereby said   each disposed normal to said inner and
outer wall applied electric field serves to deflect said actuator  faces
and alternate electrodes in each series are eleo- wall transversely to said
channel.                 trically connected for application of electric
fields in Suitably,said actuatorwall is formed with an inac-  opposite
senses in the lengthwise direction of said five part intermedlate said
oppositely orientated parts.  20  wail between successive electrodes, the
field direo- In another form of the invention said actuator wall  tions In
adjoining parts of the upper and lower wall of piezo-electric material Is
formed with opposite edge  parts between corresponding pairs of electrodes
in surfaces extending normal to said Inner and outer  the series of the
upper and the series of the lower wall faces and lengthwise of said channel
which are seo-  part being opposed. ured to said channel and said field
electrodes com-  25  There is for many applications a need to produce prise
two pairs of opposed electrodes, one electrode -  multi-channel array
pulsed  droplet deposition of each pair being provided on and extending
apparatus. The attraction of using piezo-electric lengthwise of each of
said inner and outer wall faces  actuators for such apparatus is their
simplicity and and said electrodes on the same face of each of said  their
comparative energy efficiency. Efficiency wall faces being spaced apart
transversely thereof,  30  requires that the output impedance of the
actuators Is whereby fields in respective opposite senses can be  matched
to that of the liquid in the associated chan- imparted to said actuator
wall between the electrodes  nets and the corresponding nozzles apertures.
An of each of said pairs of opposed electrodes to deflect  associated
requirement of multi-channel arrays is that said actuator wall transversely
to said channel.   the electronic drive voltage and current match avail-
Suitably, said actuator wall is formed with upper  35  able, low cost,
large scale integrated slicon chip and lower parts and with an inactive
partbetween said  specifications. Also, it Is advantageous to construct
upper and lower parts.                             drop deposition heads
having a high linear density. In another embodiment, the invention consists
in  i.e. a high density of liquid channels per unit length of a pulsed
droplet deposition apparatus comprising a  the line of droplets which the
head is capable of liquid droplet ejection nozzle, a pressure chamber  40
depositing, so that the specified deposited droplet with which said nozzle
communicates and from which  density is obtained with at most one or two
lines of said nozzle is supplied with liquid for droplet ejection,  nozzle
apertures. A further requirement is that multi- a shear mode actuator
comprising piezo-electric ma-  channel array droplet deposition heads shall
be cap- terial and eleotrode means for applying an electric  able of mass
production by converting a single field thereto, and liquid supply means
for replenishing   45  piezo-electric part into several hundred or thousand
in said chamber liquid expelled from said nozzle by  individual channels In
a parallel production process operation of said actuator, characterised in
that said  stage. actuator comprises unpoled crystalline material orien-
It has already been mentioned that the energy tated for shear mode
displacement, under an electric  efficiency of a cylindrical actuator is
not sufficiently field applied by way of said electrode means, tans-  so
good. Mass production of apparatus employing versely to said field and is
disposed so as to be able  flexural actuators in arrays of sufficiently
high density to move in relation to said chamberundersaid applied  is not
feasible. Also, sufficiently high density arrays field to change the
pressure in the chamber and    are not achievable in known shear mode
operated thereby cause drop ejection from said nozzle.       systems. The
further requirements referred to of mul- Preferably, said shear mode
actuator is a wall of   55   ti-channel droplet deposition heads are also
not satis- plezo-electric material having inner and outer faces  factorfly
met by flexural or cylindrical forms of extending alongside said channel
and said electrodes  actuator. It is accordingly a further object of the
inven- are disposed normal to said faces for applying an  tion to provide
an improved multi-channel array 3    



EP 0 277 703 B1                6 pulsed droplet, deposition apparatus and
method of  said grooves so as to extend through both of add making the same
in which the requirements referred  layers to provide said upright walls,
with upper and to are better accomplished than in known construo-  lower
parts of each of said upright walls adapted when tions.
said electrodes are disposed relatively thereto and Accordingly, the
present invention further con-   5   subjected to electric fields to
deflect in shear mode in sists in a multi-channel array, pulsed droplet
deposi-  the same direction transversely to said channels. tion apparatus,
characterised by opposed top and      In another form the method of the
invention is base walls and shear mode actuator walls of piezo-
characterised by providing a layer of piezo-electric electric material
extending between said top and base  material on each of said base and top
walls, forming walls and arranged in pairs of successive actuator  10  at
corresponding spacings In each of said layers of walls to define a
plurality of separated liquid channels  plezo-electric material a
multiplicity of parallel between the walls of each of said pairs, a nozzle
grooves to provide upstanding walls on said base wall means providing
nozzles respectively communicating  and on said top wall and securing said
top wall to aid with said channels, liquid supply means for supplying
upright walls of the base wall by securing said upright liquid to said
channels for replenishment of droplets  15  walls formed on said top wall
to corresponding upright ejected from said channels and field electrode
means  walls of said upright walls formed on said base wall, provided on
said actuatorwalls for forming respective  the upright walls on the top
wall and the upright walls actuating fields therein, said actuator walls
being so  on the base wall being adapted so that when an elec- disposed in
relation to the direction of said actuating  trio field is applied thereto
at said electrodes the fields as to be laterally deflected by said
respective   20  upright walls of said top and base wale deflect In the
actuating fieds to cause change of pressure in the  same direction
transversely to said channels. liquid In said channels to effect droplet
ejection there-  Suitably, an upright Inactive wall can be provided from.
Suitably, said channels are separated by less  between the walls of each of
said pairs of walls bet- than the width of a channel. Each channel can be
ween which said channels are disposed, thereby to divided longitudinally
thereof Into two channels by an   25  divide each of said channels
longitudinally into two inactive wall which extends between said top and
channels. base walls and normal thereto.                        The
Invention will now be described, by way of In one form of the array, said
piezo-electric ma-  example, with reference to the accompanying diag-
terial is a piezo-electric ceramic material, such as lead  rammatic
drawings, In which: zirconium titanate (PZT), poled in the direction normal
30  FIGURE 1(a) is a sectional side elevation of one to said top and base
walls and said electrode means   embodiment of single channel pulsed
droplet comprise electrode means provided on opposite         deposition
apparatus In the form of a single chan- faces of said actuator walls
disposed normal to said   nel pulsed ink droplet printhead; top and base
walls.                                    FIGURE 1(b) is a cross-sectional
elevation of the In another form of the array, said piezo-electric  35
printhead of Figure 1(a) taken on the line A-A of material is a ctystalline
material, such as gadolinium  that figure; molybdate or Rochelle salt and
said electrode means    FIGURE 1(c) is a view similar to Figure 1(b) show-
comprise electrodes disposed normal to said actuator  ing the printhead in
the condition where a voltage walls and to said channels.
impulse is applied to the Ink channel thereof; The Invention
furtherconsists In a method of mak-  40  FIGURES 2(a) and 2(b) are
cross-sectional ele- ing a multi-channel array pulsed droplet deposition
vations of a second embodiment of the printhead apparatus, characterlsed by
the steps of forming a     of the previous figures, Figure 2(a) showing the
base wall with alayer of piezo-electric material ; form-  printhead before,
and Figure 2(b) showing the ing a multiplicity of parallel grooves in said
base wall  printhead at the instant of application of an which extend
through said layer of piezo-electric ma-  45  impulse to the ink channel
thereof terial to afford walls of piezo-electric material between  FIGURES
3(a) and 3(b) and FIGURES 4(a) and successive grooves, pairs of opposing
walls defining   4(b) are cross-sectional elevations similar to Fig-
between them respective liquid channels; locating      ures 2(a) and 2(b)
of respective third and fourth electrodes In relation to said walls so that
an electric  embodiments of the printhead of the earlier fig- field can be
applied to effect shear mode displace-  50  urea; ment ofsaid walls
transversely to said channels ; con-  FIGURES 5(a) and 5(b) Illustrate a
modification necting electrical drive circuit means to said
applicable to the embodiments of Figures 1(a), electrodes; securing a top
wall to said walls to close  1(b) and 1(c) and Figures 4(a) and 4(b); said
liquid channels and providing nozzles and liquid  FIGURE 6(a) is a
perspective view illustrating the supply means for said liquid channels.
55       behaviour of a different type of piezo-electric ma- In one form
the method of the invention may        terial from that employed in the
embodiments of further be characterised by providing two layers of   the
earlier figures; piezo-electric material on said base wall and forming
FIGURE 6(b) illustrates howfield electrodes may 4    



7                   EP 0 277 703B1                 8 be employed with the
material of Figure 6(a);  and which are rotated in shear mode about an axis
at FIGURE 7 is a sectional plan view of a modi-  the fixed edge thereof,
the cover wall in the case of cation applicable to the embodiments of the
wall part 32 and the base wall In the case of wall part invention
illustrated in the previous figures of  33, which extends lengthwise with
respect to the wall drawings;                                  5   30. This
produces the effect that the laminse move FIGURE 8 is a cross-section of a
modified prin-  transversely increasingly as their distance from the thead
according to this invention;             fixed edge of the stack Increases.
The wall parts 32 FIGURE 9(a) is a sectional end elevation of a  and 33
thus deflect to a chevron disposition as depic- pulsed droplet deposition
apparatus in the form of  ted in Figure 1(c). a multichannel array pulsed
ink jet printhead;    10  The single channel printhead 10 described is cap-
FIGURE 9(b) is a sectional plan view on the line  able of emitting Ink
droplets responsive to applying B-B of Figure 9(a);
differential voltage pulses V to the shear mode FIGURE 10(a) Is a view
similar to Figure 9(a) of  actuator electrodes 38, 39. Each such pulse sets
up a modification of the array printhead of that Fig-  an electric field In
the direction of the Y axis in the two ure;
is  parts of the actuator wall, normal to the poled Z axis. FIGURE 10(b) is
a view showing one arrange-    This develops shear distortion in the
piezo-electric ment of electrode connections employed in the  ceramic and
causes the actuator wall 30 to deflect in array printhead of Figure 10(a);
and           theY axis direction as Illustrated In Figure 1(c) Into the
FIGURE 11 is a partly diagrammatic perspective  ink jet channel 24. This
displacement establishes a view illustrating a sill further modification.
20  pressure in the ink the length of the channel. Typically In the
Figures, like parts are accorded the sarne  a pressure of 30-300 kPa is
applied to operate the reference numerals.
printhead and this can be obtained with only a small Referring first to
Figures 1(a), 1(b) and 1(c), a  mean deflection nonnal to the actuator wall
since the single channel pulsed ink droplet printhead 10 con-  channel
dimension normal to the wail is also small. sists of a base wall 20 and a
top or cover wall 22 bet-  25  Dissipation of the pressure developed in
this way ween which a single ink channel 24 is formed -     In the ink,
provided the pressure exceeds a minimum employing a sandwich construction.
The channel is  value, causes a droplet of ink to be expelled from the
closed by a rigid wall 26 on one side and a shear mode  nozzle 40. This
occurs by reason of an acoustic press- wall actuator 30 on the other. Each
of the walls 26 and  ure step wave which travels the length of the channel
30 and the base ind coverwalls 20 and 22 extend the   30  to dissipate the
energy stored In the ink and actuator. full length of the channel 24.
The volume strain or condensation as, the pressure The shear-mode actuator
consists of a wall 30 of  wave recedes from the nozzle develops a flow of
ink plezo-electric ceramic material, suitably, lead zir-  from the nozzle
outlet aperture for a period L/a, where conium titanate (PZT), poled in the
direction of the  a is the effective acoustic velocity of Ink In the
channel axis Z see Figure 1(b). The wall 30 is constructed in  35  which is
of length LA droplet of ink is expelled during upper and lower parts 32 and
33 which are respect-  this period. After time Lie the pressure becomes
ively poled in opposite senses as indicated by the  negative, ink emission
ceases and the applied voltage arrows 320 and 330 in Figure 1(c). The parts
32 and  can be removed. Subsequently, as the pressure wave 33 are bonded
together at their common surface 34  is damped, ink ejected from the
channel is rep- and are rigidly cemented to the cover and base walls.  40
lenishedfrom the ink supply and the droplet expulsion The parts 32 and 33
can alternatively be parts of a  cycle can be repeated. monolithic wall of
piezo-electric material, as will be  A shear mode actuator of the type
illustrated Is discussed. The faces 35 and 36 of the actuator wall
foundtowork mostefficiently in terms of the pressure are metallised to
afford metal electrodes 38, 39 cov-  generated In the Ink and volume of ink
droplet expel- ering substantially the whole height and length of the   45
led when a careful choice of optimum dimensions of actuator wall faces 35
and 36.                     the actuator and channel is made. Improved
design The channel 24 formed In this way is closed at  may also be obtained
by stiffening the actuator wall one end by a nozzle plate 41 In which
nozzle 40 is for-  with layers of a material whose modulus of elasticity
med and at the other end an ink supply tube 42 is con-  on the faces of the
actuator exceeds that of the nected to an Ink reservoir (not shown) by a
tube 46.  50  ceramic: for example, if the metal electrodes are Typically,
the dimensions of the channel 24 are 20-  deposited with thickness greater
than is required 200 [err] by 100-1000 [err] In section and 10-40 mm in
merely to function as electrodes and are formed of a length, so that the
channel has a long aspect ratio.  metal whose elastic modulus exceeds that
of the pie- The actuator wall forms one of the longer sides of the
zo-electric ceramic, the wall has substantially rectangular cross-section
of the channel.     55  Increased  flexural rigidity without significantly
The wall parts 32 and 33 each behave when sub-  Increasing Its shear
rigidity. Nickel or rhodium are jected to voltage V as a stack of laminae
which are  materials suitable for this purpose. The wall thickness parallel
to the base wall 20 and top or cover wall 22  and ink channel width can
then be reduced and a 5    



9                  EP 0 277 703 B1                 10 more compact
printhead thus made. The same effect  nel. The faces 55, 56 of the ceramic
extending bet- is accomplished by applying a passivation coating to  ween
the base and cover are metallised with metal the wall surfaces, such as
aluminium oxide [err] or  electrodes 68, 59 covering substantially the
whole silicon nitride [err] over the metal electrodes of the  areas
thereof. The ceramic is rigidly bonded at one actuator whose thickness
exceeds that required for   5   edge to the base 20 and is joined to the
cover 22 by insulation alone, since these materials are also more  the
compliant sealing strip 54 which is bonded to the rigid than the
piezo-electric ceramic. Other means of  actuator 50 and the cover 22. The
channel as preri- stiffening the actuator wall are discussed hereinafter
ously described is closed atone of its respective ends and one such means
in particular with reference to  by a nozzle plate 41 formed with a nozzle
40 and, at Figure 7.                                     10  the other end,
tube 42 connects the channel with ink A shear mode actuator such as that
described   reservoir 44. possesses a number of advantages over flexural
and     In the case of Figures 2(a) and 2(b), actuation by cylindrical
types of actuator. Piezo-electric ceramic  applying an electric field
develops shear mode distr- used in the shearmode does not couple other
modes  tion in the actuator, which deflects in cantilever mode of
piezo-electric distortion. Energisation of the   15   and develops pressure
in the Ink in the channel. The actuator illustrated therefore causes
deformation into  performance of the actuator has the best character- the
channel efficiently without dissipating energy into  istics when careful
choice is made of the dimensions the surrounding printhead structure. Such
flexure of  of the actuator and channel, the dimensions and con- the
actuator as occurs retains stored energy com-  pliance of the metal
electrodes 58,59 being also pref- pliantly coupled with the energy stored
in the ink and   20  erably optimised. The deflection of the actuator is
contributes to the energy available for droplet ejec-  Illustrated in
Figure 2(b). tion. The benefit obtained from rigid metal electrodes  An
alternative design of shear mode actuator is reinforces this advantage of
this form of actuator.  illustrated in Figures 3(a) and 3(b), in which case
a When the actuator is provided in an ink channel of  compliant seal strip
541 is continuous across the sur- long aspect ratio which operates using an
acoustic  25  face of the cover22 adjoining the fixed wall 26 and the
travelling pressure wave, the actuator compliance Is  actuator 50. A seal
strip of this type has advantages closely coupled with the compliance of
the ink and  in construction but Is found to perform less effectively very
small actuator deflections (5.200 nm) generate a  after optimisation of the
parameters Is carried out than volume displacement sufficient to displace
an Ink  the preceding designs. droplet. For these reasons a shear mode
actuator  30  Referring now to Figures 4(a) and 4(b) a shear proves to be
very efficient in terms of material usage  mode wall actuator 60 comprises
a single piece of pie- and energy, is flexible in design and capable of
inte-  zo-electric ceramic 61 poled in the direction of the axis gration
with low voltage electronic drive circuits.  Z normal to the top and base
walls. The ceramic piece Single channel shear mode actuators can be con-
is bonded rigidly to the base and top walls. The faces structed in several
different forms, examples of which   35  65 and 66 are metallised with
metal electrodes 68. 69 are illustrated in Figures 2 to 7. Each of the
actuators  in their lower half and electrodes 68' and 69' in their
Illustrated in Figures 2 to 5 and 7 Is characterised in  upper half,
connections to the electrodes being that it is formed from poled material
and the poled axis  arranged to apply field voltage V In opposite senses Z
of the actuator lies parallel to the actuator wall sur-  in the upper and
lower halves of the ceramic piece. A faces extending between the base wall
20 and cover  40  sufficient gap is maintained between the electrodes wall
22 and the actuating electric field is normal to the  68 and 68', 69 and
69' to ensure that the electric fields poled axis Z and the axis of the
channel. Deflection of  in the ceramic are each below the material voltage
the actuator is along the field axisY. In each case also  breakdown.
Although in this embodiment the shear the actuator forms one wall of a long
aspect ratio   mode wall actuator is constructed from a single piece
acoustic channel, so that actuation is accomplished   45  of ceramic,
because of its electrode configuation by a small displacement of the wall
acting over a sub-  which provides opposite fields in the upper and lower
stantial area of the channel side surface. Droplet  half thereof it has a
shear mode deflection closely expulsion is the consequence of pressure
dissipation  similar to that of the two part actuator in Figures 1(a) via
an acoustic travelling wave.                   and 1(b). The shear mode
actuator in Figures 2(a) and 2(b)  50  Referring now to Figures 5(a) and
5(b), an is termed a strip seal actuator. The illustration shows  actuator
wall 400 has upper and lower active parts the corresponding printhead 10
including the base  401, 402 poled in the direction of the Z axis and an
wall 20, coverwall 22 and rigid side wall 26. The shear  inactive part 410
therebetween. Electrodes 403, 404 mode wall actuator enclosing the inkjet
channel 24 Is  are disposed on opposite sides of wall part 401 and In this
Instance a cantileveractuator50 having a com-  55  electrodes 405 and 406
are disposed on opposide pliant strip seal 54. This is built using a single
piece  sides of wall part 402. If the wall parts 401 and 402 are of
piezo-electric ceramic 52 poled in the direction of  poled in opposite
senses, a voltage V is applied the axis Zand extending the length of the
inkjet chan-  through connections (not shown) in the same sense 6    



11                  EP0277703B1                    12 along the Y axis to
the electrode pairs 403, 404 and  the electrodes 524 and 526 to terminal
532. A voltage 405, 406 but if the wall parts 401, 402 are poled in the  is
applied between said terminals resulting in electric same sense the voltage
V is applied In opposite sen-  fields 534 and 540 in the wall parts between
the elec- ses to the electrode pairs 403. 404 and 405, 406. In  trodes 522
and 526, electric fields 536 and 542 in the either case the deflection of
the wall actuator is as   5   wall parts between the electrodes 526 and 528
and shown in Figure 5(b).                              electric fields 538
and 544 between the electrodes In the case of the embodiments described,
with  528 and 524, all thefields being directed as shown by the exception
of that form of Figure 1(b) where the  the arrows. Rochelle salt behaves
generally in a simi- actuator wall parts are joined at the surface 34, the
lar manner to GMO. base wall 20, side wall 26 and actuator wall facing wall
10  In the modification illustrated in sectional plan 28 can be made from
material of rectangular cross-  view in Figure 7. which is applicable to
all the previ- section comprising a single piece of piezo-electric  ously
described embodiments of the invention as well ceramic material or a
laminate including one or more  as to those depicted in Figures 9(a) and
9(b) and 10(a) layers of piezo-electric ceramic material and cutting a  and
10(b), the rigid wall 26 and the opposite actuator groove of rectangular
cross-section through the pie-  15  wall (30, 50, 60 and 400 of the
embodiments illus- zo-electric material to form channel 24 side wall 26
trated in the previous drawings) with its electrodes are and the facing
actuator wall which Is then or previ-  of sinuous form in plan view to
afford stiffening thereof ously has been electrically poled in known
manneras  as an alternative to using thickened or coated elec- required.
Cover or top wall 22 is then secured directly  trodes as previously
described. or by a sealing strip as dictated by the embodiment  20  An
alternative way of stiffening the actuator walls concerned to the uppermost
surfaces of the side walls  is to taper the walls where they are single
part active to close the top side of the channel 24. Thereafter,  walls and
to tape each active part where the walls nozzle plate 41 in which nozzle 40
is formed Is rigidly  each have two active parts from the root to tip of
each secured to one end of the channel.                 active part. By
"root" is meant the fixed location of the As an alternative to
piezo-electric ceramic, cer-  25  wall or wall part. The tapering is
desirably such that tain crystalline materials such as gadolinium molyb-
the tip is 80 per cent or more of the thickness of the date (GMO) or
Rochelle salt can be employed in the  root With such a configuration, the
field across the tip realisation of the above described embodiments.    of
the actuator wall or wall part is stronger than the These are unpoled
materials which provided they are  field across the root so that greater
shear deflection cut to afford a specific crystalline orientation, will
def-  30  occurs at the tip than at the root. Also, the wall or wall lect
in shear mode normal to the direction of an   part is stiffer because it is
thicker where It is subject applied field. This behaviour is illustrated In
Figure  to the highest bending moment, in the root 6(a) which shows a wall
500 of GMO having upperand   It will be appreciated that other forms of
single lower wall parts 502, 504 disposed one above the   channel
printheads apartfrom those so far described, other and secured together at
a common face 506..  35  can be made within the ambit of the Invention.
Refer- The wall parts are cut in the plane of the 'a' and 'b',  ring for
example to Figure 8, a channel 29 is made by axes and so that the 'a' and
'b' axes In the upper wall  cutting or otherwise forming generally
triangular sec- part are normal to those axes In the lower wall part.  don
grooves 801 In respective facing surfaces of two When upper face 508 of
wall part 502 and lower face  similar pieces of material 803 which may
comprise 510 of wall part 504 are held fixed and electric fields  40
piezo-electric ceramic material or may each include a indicated byarrows
512 and 514 (which can be oppo-  layerof such material in which the
generally triangular sitely directed or directed in the same sense) are
groove Is formed. The facing surfaces 805 of said applied respectively to
the wall parts 502 and 504,  pieces of material are secured together to
form the lateral shear mode deflection occurs. As shown in bro-  channel
after the piezo-electric material at the side of ken lines 516, 518, 520
this deflection Is a maximum   45  the groove of one of the pieces and at a
corresponding on the common face 506 and tapers to zero at the  side of the
groove of the other of said pieces has faces 508 and 510. It will be
apparent that as with the  applied thereto the field electrodes 807. The
actuator embodiment of Figures 5(a) and 5(b) the wall parts  thus formed Is
of the two part wall fo`m shown in Fig- 502 and 504 may be provided
therebetween with an   ures 1(a) and 1(b) but with the actuator wall parts
inactive wall part. This arrangement is appropriate  so  forming two
adjacent side walls of the channel. with GMO whose activity is typically
100 times that of  Referring now to Figures 9(a) and 9(b), a pulsed PZT.
droplet ink jet printhead 600 comprises a base wall The preferred electrode
arrangement Is shown in  601 and a top wall 602 between which extend shear
Figure 6(b) where electrodes 522 and 524 are pro-  mode actuator walls 603
having oppositely poled vided at opposite ends of the wall 500 and
electrodes  55   upper and lower wall parts 605. 607 as shown by 526 and
528 are provided at intermediate equally   arrows 609 and 611 the poling
direction being normal spaced locations along the wall. The electrodes 522
to the top and base walls. The walls 603 are arranged and 528 are connected
together to terminal 530 as are  in pairs to define channels 613
therebetween and bet- 7    



13                 EP 0 277 703 B1                14 ween successive pairs
of the walls 603 which define  printheads. Printheads can be disposed side
by side the channel 613 are spaces 615 which are narrower  to extend the
line of print to desired length and closed than the channels 613. Atone end
of the channels 615  spaced parallel lines of printheads directed towardsa
Is secured a nozzle plate 617 formed with nozzles 618  printilne or
corresponding printlines enable high den- for the respective channels and
at opposite sides of   5   sity printing to be achieved. Each channel Is
Indepen- each actuator wall 603 are electrodes 619 and 621 in  dently
actuated and has two active walls per channel the form of metallised layers
applied to the actuator  although It is possible to depole walls at
correspond- wall surfaces. The electrodes are passivated with an  ing sides
of each channel after cutting of the channel insulating material (not
shown) and the electrodes  and Intervening space grooves. which are
disposed in the spaces 615 are connected  10  This would normally be done
by heating above to a common earth 623 whilst the electrodes in the  the
Curie temperature by laser or by sultable masking channels 613 are
connected to a silicon chip 625  to leave exposed the walls to be depoled
and then which provides the actuator drive circuits. As already  subjecting
those walls to radiant heat to raise them described in connection with
Figures 1 to 5 the wall  above the Curie temperature. surfaces of the
actuator walls carrying the electrodes  15  In another construction,
illustrated in Figures may be stiffened by thickening or costing of the
elec-  10(a) and 10(b), Inactive walls 630 can be formed trodes or, as
described in relation to Figure 7, by mak-  which divide each liquid
channel 613 longitudinally ing the walls of sinuous form.
into two such channels having side walls defined re- In operation, a
voltage applied to the electrodes  spectively by one of the active walls
603 and one of in each channel causes the walls facing the channel  20  the
Inactive walls 630. Thewalls 630 may be rendered to be displaced Into the
channel and generate press-  inactive by depollng as described or by an
electrode ure in the Ink in the channel. Pressure dissipation  arrangement
as shown in Figure 10(b) In which it will causes ejection of a droplet from
the channel in a  be seen that electrodes on opposite sides of the walls
period L/a where L Is the channel length and a is the  630 which are poled
are held at the same potential so velocity of the acoustic pressure wave
The voltage  25  that the walls 630 are not activated whilst the elec-
pulse applied to the electrodes of the channel is held  trodes at opposite
sides of the active walls apply an for the period L/a for the condensation
of the acoustic  electric field thereto to effect shear mode deflection
wave to be completed. The droplet size can be made  thereof. smaller by
terminating the voltage pulse before the  The construction of Figures 10(a)
and 10(b) is end of the period L/a or byvarying the amplitude of the  30
less active than that of Figures 9(a) and 9(b) and voltage. This is useful
in tone and colour printing.  therefore needs higher voltage and energy for
is The printhead 600 i`s manufactured by first lami-  operation. nating
pre-poled layers of piezo-electric ceramic to  Shear mode actuation does
not generate In the base and top walls 601 and 603, the thickness of
channels significant longitudinal stress and strains these layers equating
to the height of the wall parts  35  which give rise to cross-talk. Also,
as poling is normal 605 and 607. Parallel grooves are nextformed by cut-
to the sheet of piezo-electric material laminated to the ting with
parallel, diamond dust impregnated, disks  base and top or cover walls, the
piezo-electric ma- mounted on a common shaft or by laser cutting at the
terial is conveniently provided In sheet form. spacings dictated by the
width of the channels 613  It will be apparent to those skilled In the art
that and spaces 615. Depending on the linear density of  -40  the
construction of the embodiment described with the channels this may be
accomplished in one or more  reference to Figures 9(a) and 9(b) and 10(a)
and 10(b) passes of the disks. The electrodes are next depo-  can be
achieved by methods modified somewhat from sited suitably, by vacuum
deposition, on the surfaces  those described. For example, the oppositely
poled of the poled wall parts and then passivated by apply-  layers could
be cemented together and to the base or ing a layer of insulation thereto
and the walls parts  45  cover wall and the channel and space grooves 613
605, 607 are cemented together to form the channels  and 615 formed
thereafter by cutting with disks orby .613 and spaces 615. Next the nozzle
plate 617 In  laser. The electrodes and their insulating layers would which
the nozzles have been formed is bonded to the  thereafter be applied
priorto securing the nozzle plate part defining the channels and spaces at
common   617 and making the earth and silicon chip connec- ends thereof
after which, at the ends of the spaces  50  tions. and channels remote from
the nozzle plate 617. the  In a further modification of the structure and
connections to the common earth 623 and chip 625  method of construction of
the pulsed droplet ink jet are applied.
array printhead described with reference to Figures The construction
described enables pulsed ink  9(a) and 9(b), a single sheet of
piezo-electric material droplet array printheads to be made with channels
at  55  is poled perpendicularly to opposite top and bottom linear
densities of 2 or more per mm so that much  surfaces of the sheet the
poling being in respective higher densities are achievable by this mode of
con-  opposite senses adjacent said top and bottom sur- struction than has
hitherto been possible with array  faces. Between the oppositely poled
regions there 8    



15                  EP 0 277 703 B1                16 may be an inactive
region. The sheet Is laminated to  Claims a base layer and the cutting of
the channel and inter- vening space grooves then follows and the succeed-
1. A pulsed droplet deposition apparatus com- ing process steps are as
described for the         prising a liquid droplet ejection nozzle
(40,618,740). modification in which oppositely poled layers are lami-   5
a pressure chamber (24, 613) with which said nozzle nated to the base layer
and grooves formed therein.  communicates and from which said nozzle Is
supplied Alternatively, the base and top walls may each have  with liquid
for droplet ejection, a shear mode actuator a sheet of poled piezo-electric
material laminated  (30, 50, 60, 400, 500, 603) comprising poled piezo-
thereto, the piezo-electric material being poled normal  electric material
and electrode means (38,39,58,59. to the base or top wall to which it is
secured. Lami- 10  68, 69, 68', 69', 403. 404, 405, 406, 522. 524, 526.
nated to each sheet of piezo-electric material is a  528, 619, 621) for
applying an electric field thereto, further sheet of inactive material so
that respective  and liquid supply means (42,44,46,743, 744) forrep- three
layer assemblies are provided In which the  lenishing in said chamber
liquid expelled from said grooves to form the shear mode actuatorwalls are
out  nozzle by operation of said actuator, characterised In or otherwise
formed. Electrodes are then applied to  15  that said actuator is disposed
so as to be able under the actuator walls as required and the assemblies
are  an electric field applied between said electrode mutually secured with
the grooves of one assembly In  means to move in relation to said chamber
In shear facing relationship with those of the other assembly  mode In the
direction (Y) of said field to change the thereby to form the ink channels
and spaces between  liquid pressure in said chamber and thereby cause said
channel.                                 20  droplet ejection from said
nozzle. It will be understood that the multi-channel array  2. A pulsed
droplet deposition apparatus as embodiments of the invention can be
realised with the  claimed in Claim 1, characterlsed in that said chamber
ink channels thereof employing shear mode actuators  has a side wall of
which said actuator forms a part at of the forms described In connection
with Figures 1 to  least, the liquid of said chamber and said actuator 7
thereof.                                    25  being thereby closely
coupled. Although in the embodiments of the invention       3. A pulsed
droplet deposition apparatus as described above the ink supply is connected
to the  claimed in Claim 2, characterised In that said chamber end of the
ink channel or ink channel array remote  is of generally rectangular
cross-section formed by a from the nozzle plate, the Ink supply can be
connected  pair of opposed longer side walls (26, 30, 28, 50, 26, at some
other point of the channel or channels Inter-  30  60, 26, 400, 603) and a
pair of opposed shorter side mediate the ends thereof. Furthermore, it is
possible  walls (20, 22, 601, 602) and said actuator provides as shown In
Figure 11, to effect supply of ink by way  part at least of one of said
longer side walls. of the nozzle or nozzles. The nozzle plate 741,       4.
A pulsed droplet deposition apparatus as Includes a recess 743 around each
nozzle 740, in the  claimed in any preceding claim and in which said
surface of the nozzle plate remote from the channels.  35  chamber
comprises a channel (24, 613), character- Each such recess 743 has an edge
opening to an ink  ised in that said shear mode actuator is provided in a
reservoir shown diagrammatically at 744. The des-  wall of plezo-electric
material having inner and outer cribed acoustic wave causes, on actuation
of a chan-  wall faces (35, 36, 65, 66) extending alongside said nel, an
ink droplet to be ejected from the open ink  channel and said electrode
means comprise eleo surface immediately above the nozzle. Ink In the   40
trodes which are provided on and extend over sub- channel is then
replenished from the recess 743,   stantial parts of said wall faces for
applying an electric which is In turn replenished from the reservoir 744.
field in a direction transversely to said wall faces, said Although the
described embodiments of the       piezo-electric material being disposed
so as to be dis- invention concern pulsed droplet ink jet printers, the
placeable in shear mode in the direction of said field Invention aso
embraces  otherforms of pulsed droplet  45  transversely to said channel to
cause droplet ejection deposition apparatus for example, such apparatus
from said nozzle. for depositing a coating without contact on a moving  5.
A pulsed droplet deposition apparatus as web and apparatus for depositing
photo resist, seal-  claimed in Claim 4, characterised in that said
actuator ant, etchant, d utant, photo developer, dye etc.   wall extends a
substantial part of the length of said Further, it will be understood that
the multichannel  50  channel from said nozzle. array forms of the
invention described may Instead of  6. A pulsed droplet deposition
apparatus as piezo-electric ceramic materials employ piezo-elec-  claimed
in Claim 4 or Claim 5, characterised in that tric crystalline substances
such as GMO and Rochelle  said actuator wall of piezo-electric material has
oppo- salt.                                              site substantially
parallel edge surfaces extending Reference is made to co-pending
application No.  55   normal to said Inner and outer wall faces along which
88300148.3 the disclosure of which is hereby incorpo-  it is connected to
said channel in liquid tight manner, rated herein by reference.
one of said edge surfaces being rigidly connected to said channel and a
compliant sealing strip (54, 541) 9    
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of said edge surfaces to said  side walls providing said actuator wall,
characterised channel.                                           in that
said side and base walls are formed from a 7. A pul ed droplet deposition
apparatus as     single piece of material including piezo-electric aa-
claimed in Claim 6 and in which said channel is of rec-  terial. tangular
cross-section having opposed top and base   5  14. A pulsed droplet
deposition apparatus as walls (20, 22) and opposed side walls (50, 26)
claimed in any one of Claims 9 to 12, characterised in sandwiched between
said top and base walls, one of  that said channel is formed from two
similar pieces said side walls forming said actuator wall, character-
(803) of plezo-electric material and each formed In a ised in that said
sealing strip extends over the whole  corresponding side thereof with a
groove (801) of of a surface of the top wall adjoining the side walls.   10
generally triangular section, said pieces being sec- 8. A pulsed droplet
deposition apparatus, as    ured together with said grooves in mutually
facing die- claimed in Claim 6 or Claim 7, and in which said chan-
position to form said channel, two adjoining sides of nel Is of rectangular
cross-section having opposed top  which provided respectively by said
similar pieces of and base walls (20, 22) and opposed side walls (30,
piezo-electric material together constituting said 24,50,24,60,24,400,24),
one of said side walls pro-  15  actuator wall. viding said actuator wall,
characterised in that said  15. A pulsed droplet deposition apparatus as
side and base walls are formed from a single piece of  claimed in any one
of Claims 4 to 14, characterised In material including piezo-electric
material.        that said nozzle (40, 618) and said liquid supply 9. A
pulsed droplet deposition apparatus as     means (42, 44, 46) are connected
to said channel at clalmed in claim 4, characterised in that said actuator
20  respective opposite ends thereof. wall (30) of piezoelectric material
is formed with     16. A pulsed droplet deposition apparatus as upper and
lower oppositely orientated parts (32, 33)  claimed in any one of Claims 4
to 14, characterised in and opposite edge surfaces of said actuator wall
that said liquid supply means (743, 744) are connec- which extend normal to
said innerand outerfaces (35,  ted to said channel for liquid replenishment
therein by 36) thereof and lengthwise of said channel iare sec-  25  way of
said nozzle (740). ured to said channel in liquid tight manner whereby
17. A pulsed droplet deposition apparatus as said applied electric field
serves to deflect said  claimed In any one of Claims 4 to 13, characterised
In actuator wall transversely to said channel.        that said inner and
outer faces of said actuator wall 10. A pulsed droplet deposition apparatus
as    (30, 50, 60, 400) are sinuous in plan view. claimed in Claim 9,
characterised In that said actuator  30  18. A pulsed droplet deposition
apparatus as wall (30) is formed with an inactive part Intermediate
claimed in Claim 17, characterised in that said inner said oppositely
orientated parts.                  and outersinuous wall faces of said
actuatorwall (30, 11. A pulsed droplet deposition apparatus as    50,
60,400) extend in parallel; claimed In Claim 4 or Claim 5, characterised in
that   19. A pulsed droplet deposition apparatus, as said actuator wall
(60) of piezo-electric material Is for-  35  claimed in any preceding
claim, characterised in that med with opposite edge surfaces extending
normal to  said electrodes are coated with a layer of material said Inner
and outer faces (66, 65) and lengthwise of  having an elastic modulus
greater than that of the said channel (24) which are secured to said
channel  actuator material which serves to increase the flexural and in
that said electrodes comprise two pairs of  rigidity of said actuator more
than the shear rigidity opposed electrodes (68, 69, 68', 69'), one
electrode   40  thereo. of each pair being provided on and extending
20. A pulsed droplet deposition apparatus as lengthwise of each of said
inner and outer wall faces  claimed in Claim 19, characterised In that said
layer and said electrodes on the same face of each of said  comprises a
layer of insulating material. wall faces being spaced apart transversely
thereof,    21. A pulsed droplet deposition apparatus, as whereby fields in
respective opposite senses can be   45  claimed in any preceding claim
characterised in that Imparted to said actuator wall between the electrodes
said electrodes are made of thickness greater than of each of said pairs of
opposed electrodes to deflect  that required for electrical functioning
thereof. said actuator wall transversely to said channel.       22. A
pulsed droplet deposition apparatus, as 12. A pulsed droplet deposition
apparatus as    claimed in any preceding claim, characterised in that
claimed in Claim  11, characterised in that said  50  said piezoelectric
material is a poled ferroelectric actuatorwall is formed with upperand
lowerparts and  ceramic such as lead zirconium titanate (PZT). with an
Inactive part between said upper and lower     23. A pulsed droplet
deposition apparatus com- parts.
prising a liquid droplet ejection nozzle (40), a pressure 13. A pulsed
droplet deposition apparatus as    chamber (24) with which said nozzle
communicates claimed in any one of Claims 9 to 12 and in which said  55
and from which said nozzle is supplied with liquid for channel is of
rectangular cross-section having      droplet ejection, a shear mode
actuator (500) com- opposed top and base walls (22, 20) and opposed
prising piezoelectric material and electrode means side walls (30,
26,50,26,60,26,400,26), one of sald  (522, 524, 526, 528) for applying an
electric field    19                 EP 0 277 703 B1                 20 



thereto, and liquid supply means (42, 44, 46, 743,    30. A pulsed droplet
deposition apparatus, as 744) for replenishing in said chamber liquid
expelled  claimed in Claim 28 or Claim 29, and in which said from said
nozzle by operation of said actuator,     channel is of rectangular
cross-section having characterised in that said actuator comprises unpoled
opposed top and base walls (20, 22) and opposed crystalline material
orientated for shear mode dis-   5   side walls (26, 500), one of said side
walls providing placement, under an electric field applied by way of  said
actuator wall, characterised in that said side and said electrode means,
transversely to said field and is  base walls are formed from a single
piece of material disposed so as to be able to move in relation to said  .
Including piezo-electric material. chamber under said applied field to
change the press-  31. A pulsed droplet deposition apparatus, as ure in the
chamber and thereby cause droplet ejection   10  claimed in Claim 26,
characterised in that said from said nozzle.
actuator wall Is provided with a series of electrodes 24. A pulsed droplet
deposition apparatus, as  (522, 624, 526 528) spaced along the length of
said claimed in claim 23, characterised in that said cham-  wall, each
disposed normal to said inner and outer ber has a side wall of which said
actuator (500) forms  wall faces and alternate electrodes in said series
are a part at least the liquid of said chamber and said  15  electrically
connected for application of electric fields actuator being thereby closely
coupled.           in opposite senses In the lengthwise direction of said
25. A pulsed droplet deposition apparatus, as  wall between successive
electrodes of said series. claimed in claim 24, characterised in that said
cham-  32. A pulsed droplet deposition apparatus, as ber is of generally
rectangular cross-section formed  claimed in Ciaim 26, characterised In
that said by a pair of opposed longer side walls (26, 500) and   20
actuator wall is formed with upper and lower oppo- a pair of opposed
shorter side walls (20,22.601,602)  sitely orientated parts (502, 504) and
opposite edge and said actuator provides part at least of one of said   .
surfaces of said actuator wall which extend normal to longer side walls.
said Inner and outer faces thereof and lengthwise of 26. A pulses droplet
deposition apparatus, as  said channel are secured to said channel in
liquid tight claimed in any ohe of Claims 23 to 25, and In which   25
manner whereby said applied electric field serves to said chamber comprises
a channel (24, 613), charac-    deflect said actuator wall parts
transversely to said terised in that said shearmode actuator is a wall
(500)  channel. of piezo-electric material having inner and outerfaces
33. A pulsed droplet deposition apparatus, as extending alongside said
channel and said electrodes  claimed In Claim 32, characterised In that
each of said (522, 524, 528, 528) are disposed normal to said  30  upper
and lowerwall parts is provided with a series of faces for applying an
electric field in a direction  electrodes (522, 524, 526, 528)
correspondingly lengthwise of said wall, said piezo-electric material
spaced along the length of said wall, each disposed being orientated so as
to be displaceable in shear  normal to said inner and outer wall faces and
alternate mode in a direction transversely to said field direction
electrodes in each series are electrically connected and to said channel to
cause droplet ejection from   36  for application of electric fields in
opposite senses In said nozzle.                                       the
lengthwise direction of said wall between succes- 27. A pulsed droplet
deposition apparatus, as  sive electrodes, the field directions in
adjoining parts claimed in Claim 26, characterised in that said    of the
upper and lower wall parts between corre- actuator wall (500) extends a
substantial part of the  sponding pairs of electrodes in the series of the
upper '        length of said channel from said nozzle.    40  and the
series of the lower wall part being opposed. 28. A pulsed droplet
deposition apparatus, as      34. A pulsed droplet deposition apparatus as
claimed in Claim 26 or Claim 27, characterised In that  claimed in Claim 32
or Claim 33, and in which said said actuator wall has opposite
substantially parallel  channel is of rectangular cross-section having edge
surfaces extending normal to said inner and   opposed top and base walls
and opposed side walls, outer wall faces along which it is connected to
said  45  one of said side walls providing said actuator wall, channel in
liquid tight manner, one of said edge sur-  characterised in that said side
and base walls are for- faces being secured to said channel and a compliant
med from a single piece of material including piezo- sealing strip (54,
541) connecting the other of said  electric material. edge surfaces to said
channel.                        35. A pulsed droplet deposition apparatus
as 29. A pulsed droplet deposition apparatus, as   50  claimed in Claim 32
or Claim 33, characterised In that claimed In Claim 28, and In which said
channel Is of  said channel is formed from two similar pieces of ma-
rectangular cross-secion having opposed top and   terial (803) including
piezo-electric material and each base walls (20, 22) and opposed side walls
(500, 28)  formed in a corresponding side thereof with a groove sandwiched
between said top and base walls, one of  (801) 'of generally triangular
section, said pieces said side walls forming said actuator wall, character-
55  being secured together with said grooves in mutually ised in that said
sealing strip (541) extends over the  facing disposition to form said
channel, two adjoining whole of a surface of the top wall adjoining the
side  sides of which provided respectively by said similar walls.
pieces of piezo-electric material together constituting    21
EP 0 277 703 B1                 22 said actuator wall.
characterised In that said base and actuator walls we 



36. A pulsed droplet deposition apparatus, as   formed from a single piece
of material including [err] claimed in anyone of Claims 32 to 35,
characterised  zo-electric material. in that said actuator wall Is formed
with an inter-    46. A multi-channel array, pulsed droplet deposi- mediate
inactive wall part between said upper and   5   tion apparatus as claimed
in any one of Claims 43 to lower oppositely orientated wall parts.
45, characterised in that a sealing strip (541) extends 37, A pulsed
droplet deposition apparatus, as   over the surface of said top wall facing
said actuator claimed in Claim 36, characterised in that said inter-
walls. mediate Inactive wall part is substantiallylonger In the  47. A
multi-channel array, pulsed droplet deposi- direction between said upper
and lower parts than   10  tion apparatus as claimed in Claim 43 or Claim
44, either of said upper and lower wall parts.         characterised In
that each of said actuatorwalls (500) 38. A pulsed droplet deposition
apparatus, as   Is formed with an upper part and a lower part (502 claimed
in any one of Claims 26 to 37, characterised  504), said wall parts being
orientatedfor lateral shear in that said nozzle (40, 618) and said liquid
supply  mode displacement relatively to said channels to means (42,44,46)
are connected to said channel at  15  effect droplet ejection therefrom.
respective opposite ends thereof.                     48. A multi-channel
array, pulsed droplet deposi- 39. A pulsed droplet deposition apparatus as
tion apparatus, as claimed in Claim 47, characterised claimed in any one of
Clalms 26 to 37, characterised  in that said top wall (602) and said upper
parts (502, in that said liquid supply means (743, 744) are con-  805) of
said actuator walls are formed from a single nected to said channel for
liquid replenishment the-  20  piece of material including piezo-electric
material and rein by way of said nozzle.                        said base
wall (601) and said lower parts (504, 607) 40. A pulsed droplet deposition
apparatus, as   of said actuator walls are formed from a further single
claimed In any one of Claims 26 to 39, characterised  piece of
piezo-electric material. In that said inner and outer faces of said
actuator wall  49. A multi-channel array, pulsed droplet deposi- (500) are
sinuqus in plan view.               25  tion apparatus as claimed in any
one of Claims 43 to 41. A pulsed droplet deposition apparatus as    48,
characterlsed in that each channel Is divided ion- claimed in Claim 40,
characterised In that said inner  gitudinally thereof into two channels by
an inactive and outer sinuous wall faces of said actuator wall  wall (630)
which extends between said top and base (500) extend in parallel,
walls and normal thereto. 42. A pulsed droplet deposition apparatus, as
30  50. A multi-channel array, pulsed droplet deposi- claimed In any one of
Claims 23 to 39, characterised  tion apparatus as claimed in any one of
Claims 43 to in that said piezoelectric material Is gadolinium molyb-  49,
characterised in that said piezo-electric material is date or Rochelle
salt.                             a plezo-electric ceramic material, such
as lead [err]- 43. A multichannel array, pulsed droplet deposi-  conium
titanate (PZT), poled in the direction normal to tion apparatus,
characterised by opposed top and   35  said top and base walls and said
electrode means base walls (602, 601) and shear mode actuator walls
comprise electrodes (619, 621) provided on opposite (603, 500) of
piezo-electric material extending bet-  faces of said actuator walls
disposed normal to said ween said top and base walls and arranged In pairs
top and base walls. of successive actuator walls to define a plurality of
51. A muti-channel array, pulsed droplet deposi- separated liquid channels
(613) between the walls of  40  tion apparatus as claimed In any one of
Claims 43to each of said pairs, a nozzle means (617) providing  49,
characterised In thatsaid piezo-electric materials nozzles (618)
respectively communicating with said  an unpoled crystalline material, such
as gadolinium channels, liquid supply means (42 44,46,743,744)   molybdate
or Rochelle salt and said electrode means for supplying liquid to said
channels for replenishment  comprise electrodes (522, 524, 526, 528)
disposed of droplets ejected from said channels and field elec-  45  normal
to said actuator walls and to said channels trode means (619,
621,522,524,526,528) provided        52. The method of making a
multi-channel array on said actuator walls for forming respective actuating
pulsed droplet deposition apparatus, characterised fields therein, said
actuator walls being so disposed  by the steps of In relation to the
direction of said actuating fields as  (a) forming a base wall (601) with a
layer of ple- to be laterally deflected by said respective actuating   50
zo-electric material fields to cause change of pressure in the liquid in
said  (b) forming a multiplicity of parallel grooves (513. channels to
effect droplet ejection therefrom.         615) in said base wall which
extend through said 44. A multi-channel array, pulsed drop deposition
layer of piezo-electric material to afford walls apparatus as claimed In
Claim 43, characterised in    (603) of plezo-electric material between
succes- that said channels (613) are separated by less than  55  sive
grooves, pairs of opposing walls defining bet- the width of a channel.
ween them respective liquid channels (613) 45. A multi-channel array,
pulsed drop deposition  (c) locating electrodes (619, 621, 522, 524, 526,
apparatus. as claimed in Claim 43 or Claim 44,        528) In relation to
said walls so that an electric 12    23                  EP 0 277 703 B1
24 field can be applied to effect shear mode dis-  piezo-electric material.



placement of said walls transversely to said chan-  60. The method claimed
in any one of Claims 52 neis                                           to
58, characterised in that a piezo-electric crystalline (d) connecting
electrical drive circuit means (625)  material such as GMO or Rochelle salt
is employed as to said electrodes                         5   said
piezo-electric material. (e) securing a top wall (602) to said walls to
close said liquid channels (1) providing nozzles (618,740) and liquid
supply  Ansprflche means (42 44 46,743,744) forsaid liquid chan- nels.
10       1. Impulsfrrnig betriebene Trdpfchon-Nieder- 53. The method
claimed in Claim 52, further    schlagvortchtung mit elner Ausatolldfse
(40, 618, charactrised by providing two layers of piezo-electric  740) fir
Flflsligkeltslrpfchen, mit einer Drucidam- material on said base wall and
forming said grooves  mar (24, 613), mit der die  ase stramungamfilg In so
as to extend through both of said layers to provide  Verbindung atht und
von weicher aus die DOse mit said upright wails (603), with upper and lower
parts  1C  der Flfisslgkeft zum Aussto% der Trapfchen versorgt (605,607) of
each of said upright walls adapted when  wird, mit elner
Schubschwingungaart-Betltigungs- said electrodes are disposed relatively
thereto and  vorrichlung (30, 50, 60, 400, 500, 603) mit elnem subjected to
electric fields to deflect in shear mode in  gepolten plezoelektischen
Material und mit Eloktro- the same direction transversely to said channels.
denmitton (38, 39, 58, 59, 68, 69, 68', 69', 403, 404, 54. The method
claimed in Claim 52, further  20  405, 406, 522, 524, 526, 528, 819, 621),
urn an des characterised by providing a layer of piezo-olectric  genannte
Material ein dlektrisches Feld anzulegen, material on each of said base and
top walls (601,  mit elner Flfissigkeit-Versorgungseinrichtung (42.44,
602), forming at corresponding spacings in each of  46, 743, 744), urn die
Flflssigkeit In der Kammer, die said layers of plezo-electric material a
multiplicity of  durch den Betrieb der Betitigungavorrichtung Dber parallel
grooves, (613, 61  to provide upstanding   25  die DWse ausgestogen wurde,
wleder zu erglnzen, walls(607,605) on said base wall and on said top wall
dadurch gekennzlchnet, del die Betltigungsvor- and securing sa top wall to
said upright walls of the  richtung so angeordnet Ist, dea sle bel Anlegen
sines base wall by securing said upright walls formed on  elektrischen
Feldes zwIschen den Eiektrodenmitteln said top wall to corresponding
upright walls of said  sich relatlv zur Kammer in seher Schubschwingungs-
upright walls formed on said base wall, the upright  30  art in der
Rlchtung (Y) des Feldes bewegen kann, urn walls on the top wall and the
uprightwalls on the base  den Fl(ssigkeltsdruck in der Kammer zu findem und
wall being adapted so that when an electric field is  urn dadurch inen
Tr8pfchenausstol aus der Dse zu applied thereto at said electrodes the
upright walls of  bewirken. said top and base walls deflect in the same
direction  2. Impulsflrmig betriebene TrpfhenNeder- transversely to said
channels.                35  schlagvorrichtung  nach  Anspruch  .1, dadurch
55. The method claimed in any one of Claims 62  gekonnzeichnet, daB die
Kammer sine Seotenwand to 54, further characterised by providing an upright
aurwelst, von der die Betatigungsvorrichtung wenig- inactive wall (630)
between the walls of each of said  stens onen Tel bildet, so daB die
Flflssigkeit in der pairs of walls between which said channels are dis-
Kammer dadurch dicht bzw. eng an die Betitlgungs- posed, thereby to divide
each of said channels lon-  40  vorrichtung gekoppelt Ist. gitudinally Into
two channels.                        3. Impulsfrmig betriebene
TrOpfkhen-Nider- 56. The method claimed in Claim 55, further
schlagvorrichtung  nach  Anspruch  2, dadurch characterised by locating
electrodes relatively to said  gokennzeichnet, daef die Kammer oenen
allgemein inactive walls and maintaining, during operation, sald
rechteckffrmigen Querschnitt hat und durch sin Pear electrodes at equal
potentials to prevent shear mode   45  von sich gegen~iberliegenden
langeren Seltenwin- displacement of said Inactive walls.               den
(26, 30,26,50,26,60,26,400.603) und olnem 57. The method claimed in any one
of Claims 52  Paar von sklh gegeniberliegenden icirzeren Selten- to 56,
characteried In that said liquid supply means  wanden (20, 22, 601, 602)
gebildet Ist und daB die (42, 44, 46) are provided at ends of the channels
Betfltigungsvorrichtung elnen Tell von wenigstens remote from said nozzles
(618).               so  elner der lfingeren Seltenwinde bildet. 58. The
method claimed In any one of Claims 52     4. lmpulsfonnig betriebene
Tropfchen-Nieder- to 66, characterised in that said liquid supply means
schlagvorrichtung nach elnem der vorhergehenden (743, 744) are provided at
respective ends of said  AnsprUche, bel der die Kammer oinen Kanal (24,
channels adjacent said nozzles (618,740) forreplen-  613), aufwelst,
dadurch gkenmeilchnet, daB die ishment through; said nozzles of liquid In
said chan-  as   Schubschwlngungsart-Betatlgungsvorrichtung   in nels
expelled from said nozzles.                   elner Wand des
piezoelektrischen Materials mit inne- 59. The method claimed in any one of
Claims 52  ren und Suleren Wandflichen (35, 36, 65, 66) vorge- to 58,
characterised In that PZT Is employed as-said  sehen ist, die sich In
Lingsrichtung des Kanals 13    23                  EP 0 277 703 B1
24 field can be applied to effect shear mode dis-  piezo-electric material.



placement of said walls transversely to said chan-  60. The method claimed
in any one of Claims 52 nels                                           to
58, characterised In that a piezo-electric crystalline (d) connecting
electrical drive circuit means (625)  material such as GMO or Rochelle salt
is employed as to said electrodes                         5   said
piezo-electric material. (e) securing a top wall (602) to said walls to
close said liquid channels (1) providing nozzles (618, 740) and liquid
supply  AnsprUche means (42,44,46,743,744) forsaid liquid chan- nels.
10       1. lmpulsforrng betriebene Tropfchen-Nleder- 53. The method
claimed in Claim 62, further    schlagvorrichtung mit elner AusstogidOes
(40, 618, characterised by providing two layers of piezo-electric  740) fOr
FlOssigkeltstr~pfohen, mit elner Drucdkam- material on said base wall and
forming said grooves  mer (24, 613), mit der die Dase strfmungsmanlig In so
as to extend through both of said layers to provide  Verbindung steht und
von welcher aus die DOse mit said upright walls (603), with upper and lower
parts  iS  der Flisslgkelt zum Ausstotl der Trapfchen versorgt (605,607) of
each of said upright walls adapted when  wird, mit elner
Schubschwingungsart-Bettifgungs- said electrodes are disposed relatively
thereto and  vorrichtung (30. 50, 60, 400, 500. 603) mit elnem subjected to
electric fields to deflect in shear mode In  gepolten plezoelektrischen
Material und mit Elektro- the same direction transversely to said channels.
denmfltein (38, 39, 58, 59, 68, 69, 68', 69', 403, 404, 54. The method
claimed In Claim 52, further  20  405,406, 522, 524, 26, 528, 619, 621), un
an des characterised by providing a layer of plezo-electric  genannte
Material cm einekirsches Feld anzulegen, material on each of said base and
top walls (601,  mit ener Flfsslgkeit-Versorgungseinrichtung (42,44, 602),
formIng at corresponding spacings in each of  46, 743, 744), um die
Flfissigkeit In der Kammer, die said layers of piezo-electric material a
multiplicity of  durch den Betrieb der Bettlgungsvorrichtung fiber parallel
groovest (613, 615) to provide upstanding   25  die DOse ausgestoBen wurde,
wieder zu erglnzen, walls (607,605)on said base wall and on said top wall
dadurch gekennzelchnet, dail die BetAtigungsvor- and securing said top wall
to said upright walls of the  richtung so angeordnet 1st, daS sle bet
Anlegen aenes base wall by securing said upright walls formed on
elektrischen Feldes zwischen den Elektrodenmitteln said top wall to
corresponding upright walls of said  sich relativ zur Kammer In einer
Schubschwingungs- upright walls formed on said base wall, the upright  30
art in der Richtung (Y) des Feldes bewegen kann, um wails on the top wall
and the upright walls on the base  den FiisslgkeItsdruck In der Kammer zu
andem und wall being adapted so that when an electric field is  um dadurch
enen TropfchenausstoS aus der DOse zu applied thereto at said electrodes
the upright wals of  bewirken. said top and base walls deflect in the same
direction  2. Impuisfomnig betriebene Trdpfchen-Nleder- transversely to
said channels.                36  schlagvorrichtung  nach  Anspruch  1,
dadurch 55. The method claimed In any one of Claims 52  gekennizelchnet,
dae die Kammer sine Seitenwand to 54, further characterised by providing an
upright  auWeist, von der die Beatltgungsvorrichtung wenig- Inactive wall
(630) between the walls of each of said  stens elnen Tell bildet, so dag
die Flssigkelt In der pairs of walls between which said channels are dis-
Kammer dadurch dicht bzw. eng an die Betitigungs- posed, thereby to divide
each of said channels ion-  4o  vorrlchtung geloppelt bt. gitudinally Into
two channels.                        3. Impulsfirmig betriebene
Trqpfchen-Nieder- 56. The method claimed In Claim 55, further
schlagvorrichtung  nach  Anspruch  2, dadurch characterised by locating
electrodes relatively to said  gekenrizeichnet, dal die Kammer einen
aligemein inactive walls and maintaining, during operation, said
rachtecdmorigen Querschnitt hat und durch sin Pear electrodes at equal
potentials to prevent shear mode   45  von sich gegenfberlegenden lingeren
Seitenwan- displacement of said Inactive walls.               den (26, 30,
26, 50, 26, 60, 26, 400, 603) und elnem 57. The method claimed in any one
of Claims 52  Pear von sich gegenObedlegenden kfrzeren Seiten- to 56,
characterised in that said liquid supply means  wanden (20, 22, 601, 602)
gebfldet ist und daB die (42, 44, 46) are provided at ends of the channels
BetAtigungsvorrichtung eonen Tell von wenigstens remote from said nozzles
(618).                5o  einer der lingeren Seitenwinde bildet. 58. The
method claimed in any one of Claims 52     4. Impulsfnrmig betriebene
Trdpfohen-Nieder- to 56, characterised in that said liquid supply means
schlagvorrichtung nach einem der vorhergehenden (743. 744) are provided at
respective ends of said  Anspriche, bel der die Kammer elnen Kanal (24,
channels adjacent said nozzles (618,740) for replen-  613), aufwelst,
dadurch gekennzelchnet, daB die Ishment through said nozzles of liquid In
said chan-  ss   Schubschwingungsart-Betidgungsvorrichtung   In nels
expelled from said nozzles.                   einer Wand des
plezoelektrischen Materials mit Inne- 59. The method claimed in any one of
Claims 52  .ren und Auleren Wandflachen (35,36,65,68) vorge- to 58,
characterised in that PZT Is employed as said  sehen ist, die sich In
LAngsrtchtung des Kanals 13    25                 EPO 27770331
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erstrecken und in Lingsrichtung des Kanais flas* 



aufweisen, die auf wesentichen Telen der Wandfia-  keltsdicht mit dem Kanal
verbunden sind, so daB dos chen vorges hen sind und sich Ober diese
angeiegte elektrische Feld dazu dient, die Wand der ersireccen, un esin
elektdisches Feld in elner Richtung  Betfitigungsvorrichtung quer zum Kanai
abzulen-em. quer zu den U andflachen anzulegen, wobel das pie-   5  10.
lmpulsf8rmlg betriebene Tr~pfchen-Nkew- zoeiektrische Material so
angeordnet ist, dalies In der  schlagvocichtung  nach  Anspruch  9, dadudh
Schubschwingungsbetriebsart in Richtung des Fel-  gekennzeichnoet, dalB die
Wand (30) der Bet- des quer zum Kanal verschiebbar bzw. veraekzbar ist,
gungsvonichtung mit einem Inaktiden Tell ausgesmt- um dadurch den
Tr8pfbhenausstog aus der Wse zu    tot Ist, dorzwischen den entgegengesetzt
orlentiseen bewirken.                                    10  Tellen
angeordnet ist. S. Impulsf"rmlg betriebene Trfpfchen-Nisder-      11.
ImpOlsfbrmig betrlebene TrOpfchen-Nleder- schlagvorrichtung  nach  Anspruch
4, dadurch     schlagvorrlchtung nach Anspruch 4 oder 5, dadumh
gekennzeichnot, dag die Wand der Betatigungavor-  gekennzoichnet, daB die
Wand (80) der etl- dchtung sich Ober ehen wesendlichen Tell der IAnge
gungevorriohtung 8Us plezoleklrlschem Material nit des Kanals von der Wse
aus erstreckt         i6  sich gegenfiberilegenden Kantenfliachen gebgdet
t, 6. ImpuisfOrnig betriebene Trdpfchen-Nlieder-  die senkrecht zur Inneren
und Augeren Ffuche (UB, schlagvorrichtung nach Anspruch 4 oder 5, dadurch
65) und In LUngsrhhtung des Kanals (24) velaulfmn gakennzeichnet, daB die
Wand der Betfitgungsvor-  und welche an dem Kenal befestlgt sind, und daBie
richtung aus dam piezoeleldtrlschen Material sich  Eleiktroden zwel Pears
von sich gegenflberisegenden gegenObejiegende Im wasentlichen parallel
verlau-  20  Eleldroden (88, 69, 68', 89') umfassen, wobel eate fends
Kantentlachen aufwebst, die senirschtzurhnne-  Elektrods jedes
Eiektrodenpaaers auFJeder der Innan- ran und fiuteren Wandifiche verlaufen,
entiang    und Augenwandflachen angeordnet bst und sich In welcher ale mit
dem Kanal flOssigkeltsdicht verbun-  Lingsnichtung derinneren und auferen
Wandflichen den ist, wobel esne der Kantenflachen fest mit dem  erstrecken
und wobel die Elektroden auf der gleichmn Kanal verbundpn ist und wobel sin
nachgiebiger Dlch-  25  FlicheJeder derWandflichen elnen Abstand in Quwr-
tungsstrelfen (4. 541) die andere Kantenfliache mit  richtung aufiveist, so
dal dadurch eldktrische Felder, dem Kanal ve Indet.
die jeweils entgegengesetzt gerichtet sind, an die 7. Impulsf6rmig
betriebene Trbpfkhen-Nieder-   Wand der Befitigungsvorrichtung zwIschen dle
Eik- schlagvorrichtung nach Anspruch 6, bel der der Kanal  troden jedes der
Peare der sich gegenlibedlegenden elnen rechteckffnrnigen Querschnitt
besitzt mit slch  30  Elektroden angelegt werden konnen, um die Wand
gegendberliegenden Decken- und Bodenwinden        der
Betitigungsvorrichtung quer zumKanea abzulen- (20,22) und slih
gegenfiberliegenden Seltenwinden  ken. (50, 26). die gwlschen der
Deckenwand und der        12. Impulsfirmig betriebene Tr8pfchen-Nieder-
Bodenwand angeordnet sind, wobel sine derSelten-  schlagvorrlchtung. nach
Anspruch  11, dadurch winde die Wand der Betitigungsvonichtung bildet,  35
gekennzeichnet, daiB die Wand derBetitigungsvor- dadurch gekennzetchnet,
daB slch der Dichtungs-  rnchtung mit oberen und unteren Teilen
ausgestaltet strelfen Ober die gesamte Fliache der Deckenwand  Istund
daieln inaktiverTeflzwischen den oberen und und an die Seltenwinde
anschilefiend erstreckt.   unteren Teilen angeordnet bt. 8 ImpuisfOrnig
betriebene Trapfchen-Nleder-       13. Impulsfxmig betrlebene
Tr~pfohen-Nieder- schlagvorrlchtung nach Anspruch 6 odor 7, bel der  *4o
schiagvorrichtung nach elnem der AnsprOche 9 bls der Kanal elnen
rechteckfdrmigen Querschnitt auf-  12, bef der der Kanal elnen
rechteckf6mrigen Quer- welst mit sich gegenilberliegenden Decken- und
schnilt hat mit sich gegenflberllegenden Decken-und Bodenwanden (20,22) und
mitalch gegenOberflegen-  Bodenwanden (22,20) und sich gegenObedlegenden
den Seltenwinden (30, 24, 50, 24, 60, 24, 400, 24),  Seltenwanden
(30,26,50,28,60,26,400,26), wobel wobel sine der Seitenwande die Wand der
B3o1511-  45  sine dieser Winde die Wand der Betitigungavonich-
gungsvorrlchtung bildet, dadurch gekennzelchnet,  tung darstelit, dadurch
gekennmelchnet, daA die Sal- daldieSeften und Bodenwindeauseinemeinzigen
ten- und  Bodenwinde  aus  elnem  einzigen Materialstfick Jgefornt sind,
wetches piezoelekdi-  Materialsstck mit piezoslektischem Material geformt
sches Material enthaidt                           sind. 9. Impulsrnnig
betriebene Tripfchen-Nieder-  5o   14. Impulsformig betriebene
Tr5pfchen-Nleder- schlagvorrichtung  nach  Anspruch  4, dadurch
schlagvorrichtung nach elnem der AnsprOche 9 bis gekennzelchnet, daB die
Wand (30) der Betti-      12, dadurch gskennzelchnot, dal der Kanal aum
gungsvorrichtung aus piezoelektrlschem Material mit  zwel ahnilchen Tellen
(803) aus piezoelektrischem oberen und unteren entgegengesetzt orientierten
Tei-  Material geformt ist, wobel jedes Tell In elner entspre- len (32, 33)
und sich gegsnflberllegenden Kantenfla-  55  chenden Selte sine Nut (801)
aufwelst, die einen all- chen der Wand der Betitigungsvorrichtung versehen
gernein dreleckf~mnigen Querschnilt hat, wobel die ist, wobel sich diese
Kantenflichen senkrecht zur  St~cke so aneinander befestfgt sind, daB die
Nuten Inneren und  auBeren Fluche (35, 38) der Wand     zuelnander
hinwelsen, um den Kanal zu fornen, 14    27                 EP 0 277 703B1
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die jewels durch die Ahnichen Tells aus dim plbzo-
schwingungsart-Btatitgungsvorrichtung (500), die eekrischen Ma erhil
ebildet sind, zusammen die    Bin piezoeiektisches Material und
Eiektrodenmittel Wand der Bet1tl lungavofrrchtung blden.
(522,524, 526, 528) zum Anlegen sines elektrischen 15. Impuisfrnmlg
betrebene Trapfchen-Nieder-   5   Feldes daran auftwest, und mit einer
Fifsslgkek-Vor- schiagvonichtur  nach ednem der Anspriche 4 bie
sorgungseinrlchtung (42, 44, 46, 743, 744) zum 14, dadurch fgokhnnzelchnet,
dall die Dse (40,818)  ErgAnzen der Flsiuslgkeit in der Kammer, die von der
und die Flfsselgkiet-Versorgungsoinrlchtung (42, 44,  DOse durch die
Betitigung der Betfitigungsvonrch. 46) mit dam Kanal an Jeweils
gegenlberliegenden  tung Busgestoffien wird, dadurch gekennuelchnst, Enden
verbunden sAnd.                        1O  daS die Betitigungavorriohtung
sin ungepoltes kri- 16. Impuslsfrmig betiebene Tr~pfchen-Nieder-  stallines
Material autweist, welches ffr e.ns Schub- schlagvorrbchtung nach oenem der
Ansprfiche 4 bis  schwingungsart-Verschlebung orlentiert et, und zwar 14,
dadurch goaknnzelchnet, dali de Fiessigkelt-  In dlnem fiber die
Eektrodeneinrichtung angeogten Versorungseinrichtung (743, 744) mit dim
Kanal    eleldrischen Fold, wobdl die Verschiebung quir zu verbunden bt,
urn die Flesslgkelt In demselben Ober  15  dim Feld erfolgt und wobel dus
Material so angeord- die DWse (740) zu erginzen.                       net
bet, dag as in Relation zur Kammer unter dim 17. Impulsffirmig betriebene
Trfpfchon-Nleder-  angelegtmn Feld bewegt warden kann, urn dadurch
schlagvorrichtung nach ehnem der Ansprfiche 4 ble  den Druck in der Kammer
zu indern und urn dadurch 13, dadurch gekeamzichnet, dag die Innere und die
den TrOpfchenausstolb aus der Wee zu bewirken. luliere FlIcd der Wand (30,
50, 60, 400) der Betl-  20  24. Impulsfimlmg betriebene Trdpfchen-Nieder-
tigungsworichtung  In  Draufsicht  sinusftanig    schlagvorrichtung nach
Anspruch 23, dadurch gelarnmmt 1bt
gekenzelchnt, dall die Kammer sine Seitenwand 18. Impulefirntig betriebeno
Tripfchen-Nioder-  aufweist, von der die Betitigungsvorrichtung (600)
schlagvorrichtung nach Anspruch 17, dadurch       wonigstens elnen Tell
bildet, so daBl die Filissigkeit gekennzeichnet, daB die inneren und die
auSeren   25  der Kammer und die Betftigungsvonrichtung eng sinusformig
gelimmt verlaufenden Wandflichen      aneinander gekoppelt sind. dir Wand
(30, do, 60, 400) der Betitlgungsvorrich-   25. Impulsfarmig betriebene
Trapfohen-Nieder- tung parailel zu nander verlaufen.
schlagvorrichtung nach Anspruch 24, dadurch 19. Impulf rmig betriebene
Tr6pfchan-Nieder-   gekenazelchnet, daS die Kammer elnen aulgemein
schiagvorrichtung nach elnem der vorhergehenden   3o  rechtecki&migen
Querschnltt hat und durch ein Paar Ansprfiche, dadurch gekennzelchnot, dal
die Elek-  von sich gegenOberdlegenden langeren Seltenwin- troden
mktelnerMatertalachlchtbeschlchtetsind, wel-  den (26, 500) und elnem
Paarvon sbch gegeniberile- ches nen Elastizbtsmodul besit, dergr8leristals
genden kfrzeren Seitenwinden (20, 22, 601, 602) derjenige des Materials der
Betitbgungsvorrichtung,  geblldet ist, und dae die Betitigungevorchtung um
dadurch die 1Begestefgkelt der Betitfgungsvor-  3s  elnen Tell von
wenigstens elner dir ldageren Seiten- richtung mehrzu erhfhen als die
SchersteiFlkeilt der-  winde bidet. selben.
26. Impulsfbirmlg betriebene Trfpfchen-NIeder- 20. Impulefonnig betriebene
Trapfchen-Nieder-  schiagvorrichtung nach elnem der Ansprflche 23 bis
schiagvorrichtung  nach Anspruch 19, dadurch      25, bel derdie
Karnmereinen Kunai (24,613) umfael gaekmnnzoichnot dagdi. Schlcht.ine
Schlchtaus ii-  4o  dadurch gekenrzelchnot, daa die Schubsohwin- nern
Ieooiermaterlal aulWelst.
gungsart-Betitigungsvorrichtung aus elner Wand 21. Impulsfrnnig betriebene
TrOpfchen-Nieder-  (500) 8Us piezoeliktrischem Material besteht, die
schlagvorrichtung nach ehlem der vorhergehenden   Innere und auliere
Fiichen besitzt, die sich In Lngs- AnspriOche, dadurch gekennzelchnst, dall
die Elek-  richtung des Kanals erstrecken und dali die Eiekiro- troden in
elner Dicke ausgeflhrt shnd, die gr6Ber ist  4   den (522 524, 528, 528)
senkrecht zu don Flachen als dlejenige, die fGreini eloktrisches
Funktionleren  angeordnet sind, urn sin eleklrsches Feld In elner der
Elektroden ofordebch ist.                     Lingsrichtung derWand
anruiegen, wobei dus plezo- 22. Impulufrig betriebene Tr8pfchen-leder-
elektrische Material so orlentlert Ist, das is In elner schiagvorrichtung
nach elnem der vorhergehenden   Schubschwingungsart in elner Richtung
verschbebbar Ansprfioche, dadirch gkennzeichnet, daB des pie-  6o  ist,
quer zur Feidrichtung und zu dim Kanal, um zoelektrisohe Material aus einem
gepolten ferroelek-  dadurch den Tropfchenausstog aus der DOse zu trischen
Keramiltnaterial, wi. Bleizitoniumtitanat  bewirken. (PZT) besteht
27. Impulsfmiig betriebene TrOpfchen-Nieder- 23. Impulsformig betrlebene
Tr8pfchen-Nbider-  schiagvorrichlung  nach Anspruch 26, dadurch
schiagvorrichtung, mit einer Ausstolidfise (40) fOr  w   gekennzelchnet,
daB die Betatigungswand (500) Fifisuigkeitstr~pichen, ilner Drulckammor
(24), mit  slch fiber elnen wesentilchen Tell der Lange des wetcher die Wse
str~mungsmillig in Verbindung     Kanals von der DOse aus erstrecikt
stehtundvonwebcherdieDse MmitFifissigkoitfir den      28. Impulsffrmig
betriebene Trdpfchen-Nieder- 15    29                 EP0277M703 81
3          I !     I   1 11 II   Il schlagvorrichtung nach Anspruch 26 oder
27,       Wandtelie mit elner Folge von FJektroden (522, 524, 



dadurch gekennzeichnet daa die Betatigungswand    526,528) ausgestattet 6st
die entsprechend In Langs- \,j    sich gegenflberllegende Im wesentichen
parallel ver-  richtung der Wand beabstandet angeordnet Bind, laufende
Kantinfiachen aufwelst, die senkrecht zur  wobei jades senkrecht zur
inneren und ausen inneren und Wiieren Wandflache verlaufen und ant-   5
Wandfliche angeordnet 3st und wobel altemierena lang welchen fie Wand mit
dem Kanal fl ssigkelts-  Eleltroden In jeder Folge elektrisch angeschlossen
dichtverbundenh 1s, wobel sine der Kantenfiachen an  sind, um des
elekftlsche Fold Im gegenutifigen Sian den Kanal befestigt let und ein
nachglebiger Dich-  in Lhngarichtung der Wand zwischen aufeinanderhl-
tungsstrelfen (54, 541) die andere der Kantenflchen  genden Eiektroden
anzulegen, wobel die Feidrichtuw- mit dem KAnsl verbindet  .o  gen in
aneinandergrenzenden Teilen deroberen und -      29. lmpuliffrmig
betriebene Trfpfchen-Nieder-  der, unteren Wandtelle zwlschen
entsprechenden schlagvonlichtung nach Anspruch 28, bel der der   Paaren der
Elektroden in der Folge deroberen und in Kanal oenen rechteckfbrmigen
Quersohnitt hat und  der Folge der unteren Wandtelle slch gogenObornie-
sich gegenfiberilegende Decken- und Bodenwinde    gen. (20. 22) und sich
gegenfiberliegande Seltenwinde  tS  34. impuleffrmig botriebene
Trapfchen-Nleder- (500, 28) sufwelst, die wischen Decken- und Boden-
schiagvorrichtung nach Anspruch 32 oder 33, bel der wand angeordnet sind,
wobel eine der Seitenwande  der Kanal elnen rochteckftmlgen Querschnitt mit
die Betatigungswand bildet dadurch gekennzelch-   sich gegenilberilegenden
Decken- und Bodenwande net, da1 def Dlchtungsstreifen (541) sich fiber die
und sich gogentiberfiegenden Seltenwinden hmt, Gesamtheloder Flache der
Deckenwand angrenzend   20  wobel sine derSeitenwinde die Betitigungswand
ist, an die Seitenwinde etstreckt                      dadurch
gekennzelchnet, dall die Boden- und S3.1 30. Impulsfbrmig betnebene
Trbpfchen-Nleder-  tenwinde aus elnemn einzigen Materisistfck mit pie-
schlagvorrichtung nach Anspruch 28 oder 29, bel der  zoelekirischem
Material geformt sind. der Kanal einen rechteckf~rnigen Querschnift hat
35. Impulsf5rmig betriebene Tropfohen-Nieder- und sich gegenflberdiegende
Decken- und Boden-  25  schlagvortichtung nach Anspruch 32 odor 33, wilinde
(20, 22 und sich gegenuberilegende Selten-  dadurch gekennzeichnet, dal der
Kanai aus zwel wande  (26, i500) aufweist, wobel sine  der       shniich
geforrnten Materialtellen (803) gefornt ist, die Seitenwande die
Betatigungswand darstellt, dadurch  piezoelektrisches Material enthalten,
wobel Jedes gekennzelchnpt, dal die Boden- und Seitenwande    Materialtenl
In elner entsprechenden Selte sine Nut aus elnem ednzelnen Materialslick
geformt sind, wel-  30  (801) mit aligemein drelectcrmigem Querschnitt auf-
ches pldzoeleclisches Material enthalt.           weist, wobel die
Materialteile so aneinander befes"tt 31. ImpulasftrmIg betriebene
Tropfchen-Nleder-  sind, dall die Nuten zuelnander Unter Blidung sens
schlagvorrichtung  nach Anspruch 26, dadurch      Kanais zugswandt sind,
wobel zwei aneinander gren- gekennzelchnet, dall die Betotigungswand mit
elner  zende Selten derselben, die durch die jeweils iha- Relhe von
Elektroden (522,524,528,528) ausgestat-  3S  lichen plezoelektischen
Materlaltele vorgesehen tet ist, die mt Abstand endang dor Lfnge der Wand
sBid, zusammen die Betftgungswand bliden. angeordnet sind, wobdl Jede
Elektrode senkrecht zur  36. Impulsformig betrlebene Trfpfchen-Nieder-
lnnen- und Aufienwandfiache angeordnet Ist und    schlagvorrichtung nach
esnem der Ansprfiche 32 bis wobel aiternlerend Eleictroden in der Folge
eiektrisch  35, dadurch gekennzelchnet, dae die Betitigungs- angeschtossen
sind, um die elektrischen Folder in  4o  wand nmt einem lnaktiven
ZwIachen-Wandabschnitt gegenliufigem Sinn In Langerichtung der Wand zwi-
ausgestattet Ist, und zwar zwischen don oberen und schen
aufeinanderfolgenden Elektroden der Fotge   den unteren entgegengesektt
orientlerten Wandtel- anzulegen.
len. 32. ImpulsfornIg betuiebene Tropfchen-Nieder-     37. ImpulsfOrmig
betriebene Trapfchsn-Nieder- schlagvonrchtung  nach Anspruch 26, dadurch
45  schtagvorichtung  nach Anspruch 36, dadurch gekennzeichnet, dus die
Betatigungswand mit obe-  gekennzelchnet, dai% der inaktive ZwAschen-Wan-
ren und unteren entgegengesetzt orientierten bzw.  dabschnitt wesentlich
linger In Richtung zwlschen verlaufenden Teiien (502, 504) ausgestattet ist
und  den oberen und unteren Teilen istais elnerderoberen daB die sich
gegenulbeilegenden Kantenflichen der  und unteren Wandteile.
BetAtIgungswanrd, die senkrecht zur Inneren und   50  38. Impulsfrmnig
betriebene Trbpfchen-Nieder- luferen Fliche derselben verlaufen und In
Langs-  schiagvorrichtung nach elnern der AnsprOche 26 bis richtung des
Kanals veraufen, an den Kanal flissig-  37, dadurch gekennzeichnet, daR die
DOse (40, 618) keltsdicht befestigt sind, so daB das angelegte   und die
Fifessigkelt-Versorgungseinrichtung (42, 44, elektrische Feld dazu dient,
die Betstigungswandtefle  48) In dem Kanal an sloc jewells
gagenfibeoiegenden quer zum Kanai abzulenken.                    s5  Enden
verbunden sind. 33. Impulsfnig betriebene Trpftichen-Nieder-     39.
Impuleffrmig betiebene Tr~pfchen-Nieder- schlagvorrichtung  nach Anspruch
32, dadurch      schiagvorrichtung nach olnem der Ansprfiche 26 bis
gekennzeichnot, dau jedes der oberen und untefen  37. dadurch
gekennzelchnet, daB die Fi(ssigkeit- 16    31                 EP 0 277 703
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sine Fifislgkeltserganzung In demselben Gber die  sich Gber der Filche der
Deckenwand, die zu don J../   D ise verbunden at.
Betitigungwanden hinweist, erstrecok 40. Inpulsf  ig betriebene
Tropfchen-Nieder-      47. Impulsfrrng betriebene Tr8pfchan-Nieder.
schlagvorchtu  nach elnern der Ansprfiche 26 bis   s   schlagvorichtung  in
Vleikanalausfahrung  nach 39, dadurch go nnzeichnot, dog die innere und die
Anspruch 43 oder44, dadurch gekennzeichnet, dau augere Fluche
Betsigungswand (500) In Drauf-    Jede der Befitigungewande (500) mit elnem
oberen sicht sinusfarm  gesirmmt let.                    Tel und elnem
unteren Tell (502, 504) ausgestatet 41. lmpulsf~rmig betriebene
Trfpfchen-Nleder-  1et9 wobel die Wandtelle fSr sine seliliche Schub-
schlagworichtung  nach Anspruch 40, dadurch   *o
schwingungsart-Verschlebung relatlvzu den Kanilen gokonmzetchnot, daB dle
Innere und die Augere     orentiert sind, urn aus dlesen den
Tr8pfchenauestog sinusfOrmlge gekrfmmte Wandiliche der Betati-     zu
bawirlen. gungswand (500) parallel verlaufen.                  48.
Impulsfdnmig betriebene Trapfbhen-Nleder- 42. Impulsifirmig betriebene
Trapfohen-Nieder-  schlagvarrlchtung  in Vielkanalausfibrung  nach
schiagvorrichtung nach sinern der AnsprOche 23 bis  16  Anspruch 47,
dadurch gskennzelchnet, dae die 39, dadurch gskennzolchnot, daB das
plezoelekiri-  Deckenwand (602) und die oberen Tell (502, 605) ache
Material aus Gadollniummolybdat odor Ro-     der Betilgungawfinds aus elnem
einzigen Mateial- chelle-Salz besteht.                              stOck
geformnt sind, welches piezoeledrlisches Mate- 43. Impigjsfannig betriebene
Trapfchsn-Nieder-  rial enthaltund dag die Bodenwand (801) und die
schlagvoridebtung in VieikanalausfIfhrung, goeknn-  2o  unteren Tells (504,
607) der Betitigungswinde aus Kv   zoechnctdurch slch gegenflbedlegende
Decken- und  elnemwelteren einzelnen StIck aus einem plezoelek- Bodenwinde
(602, 601) und durch Schubschwin-      trischen Material geformt sind.
gungsart-Betitlgungswlnde (603, 500) aus plezo-      49. Imptdsfarmlg
betriebene Trdpfchen-Nieder- elektrischem Material, die zwlschen den
Decken- und  schtagvorrichtung in Vielkanalausffihrung nach el- BodenwAnden
vedaufen und In Paaren aufeinander-  25  nern  der AnsprOche  43  bis  48,
dadurch folgender Betfitigungswande angeordnet sind, urn  gaekennzelchnet.
dailjederKanal In iangsriohtung In dadurch elne Vi.zahl getrennter
Flissigkeitskanfile  zwei Kanale durch sine naktive Wand (630) aufgetellt
(813) wischen 4en Windenjedes der Paear zu defl-  ist, die sich zwischen
der Deckenwand und der nberen, durch eir  D10senslnrichtung (617) mit Dosen
Bodenwand und senkrecht zu diesen erstrecki. (618),dlejeweil mItden
KanilenstrnmungsmOiig In  30  50. Impulsfarfnig betriebene
Trdpfchen-Nleder- Verbindung sind, durch sine Flfissigkeit-Versor-
schlagvorrichtung In Vielkanalausfthrung nach e.- gungseinrchtung
(42,44,46,743,744) zum Zuffihren  nem  der AnsprOche  43  bis  49, dadurch
von Flfisslgket zu den Kanilen, zur Erginzung der  gekennzelchnet, dalg das
plezoolekische Material TrOpfchen, die aus den Kanlen ausgesto~en wur-
aus  elnem  plezoeiektrLachen  Keramlrnkmaterial den, und durch
Feldelektrodenmittel (619, 621, 522,  35  besteht, wbe belsplelswelse
Bleizirikonttanat (PZT), 524,526,628), die an den BetitigungawAnden vorge-
weiches In efner Richtung senkrechtzur, Deckenwand ashen Asnd, umn In
diesen jewells Betfiigungsfelder  und zur Bodenwand gepolt let und dalo dle
Elektro- auszubilden, wobel die Betitlgungswinde In Relation  denmfftel
Eleitroden (619, 621) umfassen, die an slch zur Richtung der
Betitigungsfelder so angeordnet  gegenfberolegenden Flachen der
BetitlgungawAnde sind, daB she durch die jeweiligen Betitigungsfeider  40
vorgesehen sind, die senkaechtzur Dekenwand und seilich abgelenkt werden,
um sine Druckinderung in  Bodenwand angeordnet slnd. der FRisslgkelt In den
Kanalen zu bewirken, um        51. lmpulsf~rmlg betriebene
Trapfchen-Nieder- dadurch elnen Tr5pfchenausstog aus diesen hervor-
schlagvorrichtung in Vielkanalausitfhrung nach el- zurufen.
nern  der Ansprfiche  43  bis  49, dadurch 44. Impulsfornmig betriebene
Trfpfchen-Nieder-  45  gekennzelchnot, daS das plezoelekileche Material
schlagvorrichtung  In Vielkanalausffihrung  nach  aus elnern ungepolten
kiestallinen Material, wie bel- Anspruch 43, dadurch gekennzeichnot, daB
die      splelswelse Gadoliniummolybdat odor Rochelle-Salz Kanile (613) um
weniger als die Brelte elnes Kanals  besteht, und daB die Elektrodenmittel
Elektroden voneinander getrennt sind.                        (522, 524,
526, 528) urnfassen, die senkrecht zu den 45. Impulsf rrnig betriebene
Trdpfchen-Nieder-  6o   BetitlgungwAnden und den Kanalen angeordnet
schlagvorichtun  In Vlelkanalausffihrung  nach    sind. Anspruch 43 od 44,
dadurch gekonnzoichnet, dal        52. Verfahren zur Herstellung elner
impulsfarmig die Boden- und Betitigungswande aus elnem elnzel-  betriebenen
Tr8pfchen-Niederschlagvorrlchtung in nen Materialstfick mit dern
plezoelektrischen Material  Vielkanalausfrlhrung, gokennzelchnot durch die
fol- geformt sind.                                55   genden
Verfahrensschrtte: 48. ImpulsfOmnig betriebene Tropfchon-Nieder-     (a) es
wird e.e Bodenwand (601) mit elner schlagvorrichtunig in
Vielkanalausffihrung nach ei-   Schicht aus einem piezoelektrischen
Material nem  der AntprOche  43  bls  45, dadurch              hergestellt,
17    I llllll lll lll 1111 111Hll 11 1111 33                  EP 0 277
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(b) es werden eine Visizahl von parallel verlau-  inaktive Wand (630)
zwischen den Wanden Jedes fenden Nuten (613. 615) In der Bodenwand so
Paares derWande, zwlschen denen die Kandle angs- ausgeblidet, daB sbe sich
durch die Schicht aus  ordnet sind, vorgesehen wird, um dadurch jedew dam
pi900lektrischen  Material  hindurch     Kanal in Langsrichtung In zwel
Kanale auftzutellen. erstrecken,lur dadurch Winde (603) aus piezo-   5  56.
Verfahren nach Anspruch 55, dadurh leiktrischer Material zwiachen
aufeinanderfol-  gekennzeichnet, dag die Elekiroden reiativ zu dm genden
Nuten zu forrnen, wobel Paare von sich  inaktiven Wanden in Lage gebracht
werden und doS gegenaiberilegenden Winden zwlschen sich       die
Beektroden wfhrend des Betriebes auf gleicwt, jewels FIlIsslgkeitskanide
(613) definleren,   Potentialen gehalten werden, urn sine Schubschwi w (c)
es werden Eiektroden (619, 621, 522, 524,  to  gungsart-Verschiebung der
inaktien Winde zu ver 526,. 528) relativ zu den Winden so in Lage
hindem. gebracht, daB ein elektrisches Feld angelegt wer-  07. Verfahren
nach elnem der Ansprfche 52 b den kann, um sine Schubschwingungsart-Ver-
66, dadurch gekennzelchnet, daB die Flisslgke& schiebung her Winde quer zu
den Kanilen zu     Versorgungseinrichtung (42, 44, 46) an den Enden
bewirken,                                 16  derKanfie entfenmtvon den
Disen (618) vorgeseh (d) es warden die Elektroden mit eleidrischen  ist.
TrelberschaltungsmItteln (625) verbunden,         58. Verfahren nach elnem
der Ansprache 52 bis (a) es wird eins Deckenwand (602) an den Win-  56,
dadurch gakennzischnot, dali die FliOsslgkel, den befptigt, um die
Flflssigkeitskanile zu ver-  Versorgungseinlchtung (743,744) an den
jeweligmn schilefen,                                20  Enden der Kanile
nahe den Dilsen (618,740) vorge- (I) es warden Disen (61i8, 740) und sine
Flassig-  sehen sind, um elne Erganzung derFlissigkelt In den
keit-Zuf1lhrelnrichtung (42, 44, 46, 743, 744) fmr  Kanalen, die fiber die
D(Isen ausgestoSen wird, fiber die Fiissigkeltskanble vorgesehen.
die Dbsen vorzunehmen. 53. Verfahren. nach Anspruch 52, dadurch
59. Verfahren nach elnern der Ansprfiche 52 bbm gakennzelchnet, da izwel
Schichten aus dam plezo-  25  58, dadurch gekennzeichnet, dait PZT ala
piezn- elektrischen Material auf der Bodenwand vorgesehen  elektrisches
Material verwendet wird. werden und da& die Nuten so ausgebildet werden,
60. Verfahren nach ainern der AnsprOche 52 bi daB sae sich idurch belden
Schichten hlndurch     58, dadurch gskennzeichnet, dall piezoslekirsches
erstrecken, um tiei aufrechten Winde (603) vorzuse-  kristallines Material,
wie beisplelswelse GMO oder hen, wobel obere und untere Abschnitte (605,
607)  30  Rochelle-Salzmals das plezodeltrlsches Material va-
jederderaufrecbten Winde dazu dienen, dann,wenn   wendetwird. Eiektroden
relativzu diesen In Lage gebrachtwerden und sie eleldrsdhen Feldern
ausgesetztwerden, sich In der Schubsct-wIngungsart auszuienken, und zwar
Revandications in derglelchen Richtung quer zu den Kanilen.  35 54.
Verifiaren nach Anspruch 52, dadurch          1. Dlspositif pour le depdtde
gouttelettes pulsaes gekennzelchnot, daB sIne Schicht aus plezoetektri-
comnprenant une buss d'djection des goutletettes de schem Matsrfafl auf
jeder der Boden- und Decken-  liquids (40,6 18, 740), une chambre de
presslon (24, wand (601, 60) ausgebildet wird, dae femer in     613) en
communication avecladitsbuse etA &partirde entsprechenden Abstinden in
Jeder der Schichten  4o  laquelle ladie buse eat alirnentie en liquid. pour
des plezoeiektriachen Materials aha Vleizahl von  lejection de
gouttelettes, un actionneur a mode de parallel vedaufenden Nuten (613, 015)
ausgeblidet  cisaillement (30, 50, 60, 400, 500, 603) comprenant werden, um
dadurch aufrechte Wande (607, 605) auf  un mat6riau piezo-61ectrique
polarlse et des moyens der Bodenwandund an der Deckenwand vorzusehen,
d'61ectode (38, 39,58,59,68,69,68, 69. 403,404, daB die Deckenwand an den
aufrechten Winden der  46  405,406,622,524,528,528,619,621) afin d'y appli-
Bodenwand dadurch befestigt wird, indem die auf-  quer un champ Slectrique,
et des moyens d'alimenta- rechten Winde, die an der Deckenwand vorgesehen
tion en liquid. (42, 44, 46, 743, 744) afin de remplir sind, an den
entsprechenden aufrechten Wanden     de nouveau ladite chambre avec ledit
liquide 6jecte befestgtwerde), die aufderBodenwand vorgesehen    par ladite
buss par le fonctionnement dudit action- sind, wobel diel aufrechten Winde
an der Decken-  5o  neur, caractdrls6 en ce que ledit actionneur est ins-
wand und die aufrechten Wande an der Bodenwand    tatIA de tells manibre
qu'iR soit capable, soumis A un so gestaltet undangeordnetsind, da dann,
wenn sin  champ 6lectrique applique entre lesdites eiectrodes, elektrisches
Feld an diese bzw. an die dektroden der-  de so deplacer en tupture par
rapport a ladits chan- selben angelegt wird, die aufrechten Windo der
bra en mode de cisaillement dans Is sens (Y) dudUt Deckenwand und der
Bodenwand In gleicher Rich-  a    champ pour modifierla pression du liquids
dans ladite tung quer zu den Kanfilen ausgelenkt werden.      chaihbre et
provoquer ainsi l ejection de gouttelettes 55. Verfahren nach elnem der
Ansprfche 52 bis  par ladite buss. 54, dadurch gekennzelchnet, daB sine
aufrectso        2. Dispositif pour le d6p6t de gouttelettes puls6es    35
EP 0 277 703 B1                 36     *Ic  L  M   S  * salon la
revendication 1, caract6ris6 en ce que ladite  parois lat6rales oppos6es
(24,30,50,24,60,24,400, 



chambre comporto une paro latirale dontledit action-  24), I'une desdites
parois laterales servant de parol neur forms au moins une partle, Is
liquid. de ladite  duditactionneur, caracteris6 en ce qua leedites parols
charnbre et ledit actionneur Mtant ainsl 6troitement  inferleure et
laterales sontfonmees d'une seule plce COUpiOs.
5   dans une matiere comprenant un matriau piezo- 3. DispositiF ourle
ddpotde gouttelettes puls6es  electrique. solon ia revendi   2, caracteirse
en co qua ladie    9. Dispositif pout le d6p6tde gouttelettes pulsa6s
chambre set de section sonsiblemert rectanguialre  solon Is revendlcation
4, caractorisA en co quo la form6e par deux parois latirales longues
oppos6es  parol (30) dudit actionneour en matirlau plezo-Mecthl (26, 30,
28, 50, 26, 60, 26, 400, 603) ot doux parols  10  que eat formre avec des
places superioure et Inf- lat6rales oppos6ss courtes (20, 22, 601, 02) et
edit  rioure orlentdes en vis-a-vis (32, 33) et les surfaces actbonneur
form. au moins une partle de l'uns desdl-  de bord oppose6es de ladite
parol de l'actionniur qui tea parois laterales longues.
s'6tendant normalement auxdites faces Interleure et 4. Dispositif pour le
depOt de gouttelettes puls6es  ext6rieure (35, 36) et longitudnallement par
rapport sdlon i'une des rovendications precedentes et dans  15  audit canal
sont fixWes audit canal de fagon Mtanche lequel ladite charnbre comprend un
canal (24, 613),  au liquide, de sort. quoe I champ electrlque appilqu6
caracterise in ce que ractlonneur a mode de cisaille-  sert a fl6chir
transversaiement ladite parol de lactlon- ment se situe dans une parol en
materiau plezo-lec-  neur par rapport audit canal. trique ayant dwp faces
Int6rdeure text rleure (35 36,  10. Dlspositif pour le dep6t de
gouttelottes pul- 65, 66) s'etendant le long dudt canal et lesdits  20
sees selon la revendlcation 9, caractdris6 in co que moyens d'lectrodes
cornprenant des electrodes pla-  ladite parol (30) de l'actionneur eat
formle avec une coes gur et s'tendant au-deli de parties Importantes  piece
inactive entre lesdites plices orlent6es en via- desdites faces de parol
pour appliquerun champ eleo-  A-vis. trique dans un sens transversal par
rapport auxdites  11. Dispositif pour le depot de gouttelettes pul- faces
de parol, ledit mat6riau piezo-6lectrique Mtant  25  saes selon le
revendication 4 ou 5, caractbrise on ce Installi de manlere A pouvoirse
deplaceren mode de  quo ladite parol (80) de 'actionneur en mat6riau pie-
cisaillement dans le sons dudit champ transversale-  zo-6iectrtque eat
formre avec des surfaces de bord mentparrapport uditcanal pour
provoquerl'ejection  oppos6es s'Atendant normalement auxdltes faces de
goutteliettes par ladite buse.                 lntoreure et extdrleure (66,
65) et longltudinalement 5. Dlspositif ourie diptde gouttelettes puls6es
go  par rapport audit canal (24) qul sont fWxees audit selon la
revendlcation 4, caracterise en co que la  canal, et en ce que lesdites
6lectrodes compronnent parol dudit actionneur s'etend sur une partle impor-
deux paires d'A6ictrodes opposees (68 69, 68', 69), tante de la longueur
dudit canal & partir do ladite buse.  une 6lectrode de chaque pairs Mtant
mont6e et s'e6tn- 6. Dispositf pour le depOt de gouttelettes pulshes  dant
longitudinalement sur chacune desdites faces solon la revendicathon 4 ou la
revwndicathon 5, carao-  35  int6rleure et ext6ieure de parol et lesdites
leictrodes tWriaA en ce que lp parol dudit actionneur en mathriau  sur la
mome face de chacune desdites faces de parod piozo-lectrique a des surfaces
de bard paratbles  etant espacees transversaloment de Icelles-cl, de
sensiblement oppos6es s'etendant normalement      sort. quo des champs dana
des sons opposhs res- suxdites faces de parol Interne textemeo l long des-
pctif peuvent tore appliques A ladie parol de quelles elle oat rei6 audit
canal de fagon Mtanche au  4o  l'actionneur entre lea electrodes de chacune
deadites liquids, 'une desdites surfaces do bord etant rigide-  paires
d'elctrodes oppos6es pourfifthirladite pard ment rellee audit canal, avec
un joint d'etancheite  de l'actionneur transversalement par rapport audit
adaptable (54, 541) rellant l'autre dito surface de bord  canal. audit
canal.                                         12. Dlspositif pour le depot
de gouttelettes pul- 7. Dispositlf pour le dipdt de gouttelettes pulsees
45  sees selon la revendbcation 11, caractbrise en Oa quo selon la
revendlcatlon 6 dans lequel ledit canal eat de  ladite parol de
l'actionneur eat formee par des parties section rectangulaire, ayant des
parols Inferieure et  supbrioure et Infbieeure et d'une plce inactive entre
supbleure opposwes (20, 22) et des parols latbrales  lesdites parties
superieure et Inferieure. opposies (50, 26) prises entre lesdites parois
inf6-  13. Dispositif pour le depot de gouttelettes pui- riure at
suphrieiire lune desdites parois laterales  so  sies solon rune des
revendications 9 A 12 et dans fornant la parol ludIt actionneur,
caracterise en ce  lequei ledit canal est de section rectangulaire ayant
quo ledit Joint d'itanchiiti s'etend sur touts une sur-  des parois
supbrteure et Infirleure opposbes (22,20) face de la parol superieure
joignant lea parois latbrs-  et des parois laterales opposbes (30, 26, 50,
26, 60, lea.                                              26, 400, 26),
'une desdites patois latbrales oonsti- 8. Disposltif pour le depot de
gouttelettes pulsies  5s  tuant ladite parol de l'actionneur. caractbrisb
en ce solon la revendlcation 6 ou 7, et dans loquel ledit  quo lesdites
parols laterales et Inffileure sont for- canal est de section rectangulaire
ayant des parois  mies d'une souls plAce d'un mathrlau compronant un
superieure et infOrieure opposees (20. 22) et-des  materiau
piezo-4lectrique. 19    37                 EP 0 277 703 B1
98      *  c   L  M  S  * 14. Dispositif pour to depot de gouttelettes pul-
gouttelettes, un actionneur A mode de cisaillement 



uees selon rune des rovendications 9 a 12, caractb-  (500) oomprenant un
materiau plezolectrique etdes ; rsb en ce quo ledit canal est formi  de
deux plbces  moyefns d'electrodes (522, 524, 526, 528) pour y identiques
(803) de matbinau plezo-electrique et cha-  appliquer un champ Alectrique,
et des moyens dall- cune d'entre elles ayant un cMte correspondant forn  5
mentatlon en liquids (42, 44, 48, 743, 744) pour le avec une gorge; (801)
gbnbralement de section trian-  remplissage en liquids de ladite chamnbre
apres 6jec. gulaire, lesdite$ pleces btant flxees l'une a rautro  tion du
liquids par adite buse dOe au fonctionnement avec lesdites gorges on
positon do via-vis pour for-  dudit actionneur, caractieise en cs quo ledit
action- merleditcanal,dontdouxfaces contiguesprbsentees   neur comprend un
materiau cristallin nom-polaris8 par lesdites plces Idontiques de materiau
piezo-eAtc-  lo  oriente pour un deplacement en cisaillement, sou9 un
trique constituent ladite parol de l'actionneur.  champ eiectrique apptiqui
par lesdits moyens d'Aleo- 15. Dispostilf pour le dep6t de gouttelettes
pul-  trodes, transverselement par rapport audit champ, et uoes solon rune
des revendications 4 A 14, caracto-  place de manlere A pouvoirse
diplacerrelativermnt rso en cs quo ladito buse (40, 618) et lesadits moyesm
a ladito chambre lorsqu'll ast soumba audit champ d'alimentation en liquids
(42,44,46) sont relfes audit  16  electrique pour modifier la presslon dans
Is chambre canal aux ext nimtis opposees de celui-ci.        et provoquer
alnsi rtJection de gouttelettes par ladite 16. Dispositif pour le depUt de
gouttelettes pul-  buse. sess solon l'une des revendicatfons 4 A 14,
caracte^  24. Dispositif pour Is dip~t de gouttelettes pul- rise en ce. quo
lesdits moyens d'allmentatlon en  seess slon la revendicatifon 23, caractis
eon ce quo k:      liquids (7430744) sont relles audit canal pour le rem-
20  ladite chambre comporto une parol laterale dont ledit plissage de
liquids au moyen de la die buse (740).  actionneur(500)fforma une partie au
moins, lo liquids 17. Dtsposutif pour le dep6t de gouttelettes pul-  de
ladite chambre et ledit actionneur Atant ainsI Atroi- sees solon rune des
revendications 4 a 13, caracte-  tement couples. - sA en co quo Iesdites
faces interioure et exteireure  25. Dispositif pour le depot de
gouttelettes put- de ladite paroi de l'actionneur (30, 50, 60, 400) sont
25  sess solon la revendication 24, caracterisA on ca quo sinueuses dans
une vue en plan.                  ladie chambre est generalement de section
rectan- 18. Dispositif pour Is depot de gouttelettes put-  gulatre formbe
par deux longues parols- latirales sees solon Ia rnlendtcatlon 17,
caractrise on ce quo  opposdes (26, 500) et deux parols laterales courtes
lesditesfaces e derieure et Intetoure sinuouses de la  opposees (20, 22,
601, 602) et quo ledit actionneur parod do laditeo arol de l'actionneur
(30, 50, 60, 400)  30  falt au moins partle de l'une desdites parols
laterales sont paralibles.                                 longues. 19.
Dispositlf pour le dipdt de gouttelettes pul-  26. Dispositif pour le depot
de gouttelettes put- sees solon l'une des revendicattons prncidentes,  sees
solon rune. des revendications 23 A 25, et dans caracterise en ce quo
lesdites telctrodes sont recou-  lequel ladite chamnbre comporte un canal,
caractirli6 vertes d'une cquche de mat6eiau ayant un -module  35  on ce quo
ledit actionneur A mode de clsaillement est d-'aseti~ite sup6deur A celui
du mateirau de l'action-  une parol (600) en materiau plezO4etectfique
ayant neur pour augmenter la rigidit6 en flexion dudit ays-  des faces
interieure et OxterieurO s'Atondant to long teme de commando davantage quo
sa rigiditi en     dudit canal etlesdites electrodes sontdisposees nor-
cisasillement.                                    malement auxdltes faces
pour produlre un champ 20. Dispositif pour to dipOt de gouttelettes pul-
4o  Alectriquo dans un sons longitudinal de ladite perol, sees selon la
rovendicatlon 19, caractefise on ca quo  ledit mateinau plezow-ectrlque
etant oriente de ladite couche comports une couche de materiau Iso-
manlbre a pouvoir se dsplacer en mode de cisaele- lant.
ment dans un sens transversal par rapport au sons 21. Dtspositff pour lo
dipbt de gouttelettes pul-  dudit champ et audit canal provoquer 1'Ajection
de sess salon rurie des revendications prdcedentes,.  45  gouttelettes par
ladite buse. ceracterish an ca quo iesdites Alectrodes sont d'une  27.
Disposiff pour le depbt de gouttelettes pul- 6paisseur superieure A cello
necessaire a leur fono-  sees solon la revendication 26, caracterlse on cs
quo tionnement electrique.                            ladite pawl (500) de
i'actionneur s'6tond sur une par- 22. Disposliif pour le dipUt de
gouttelettes pul-  tie importante de la longueur dudit canal a partir de
sees solon I'uno des revendications precidentes,  50  ladWit buse.
caracterise en ce quoe I mateinau plezo-diectique est  28. Dispositif pour
le depbt de gouttelettes pul- une ceramique lfero-6lectrique polarisee
commo du  ses solon la revendlcation 26 ou 27, caracterise en titanate de
zirconium-plomb (PZT).               ca quo ladite parol de ractionneur a
des surfaces de 23. Dispositif pour Io dipbt de gouttelettes pul-  bord
sensibleonent paralleies opposees s'etendant sees comprenant une buse
d'Ajection de gouttelottes  65  normalement auxdltes faces Interieure et
extrileuro de liquids (40), une chambre de pression (24) en  de parol le
long desquelles ele est retlis audit canal communicationlavc Wadito buse
eta parir de laquefle  de fagon etanche au liquids, t'uns des surfaces de
ladite buse est aiimentie en liquids pour l'ejectloh de  bord etant fixee
audit canal, et un joint d'atsnche&t 20    39                  EP 0 277 703
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auditcanal.                                           34. Dlspositif pour
le d6pot de gouttelettes pul- 29. Dispositif pour le d6pbt de gouttelettes
pul-  s6es solon la revendlcatlon 32 ou 33, et dans lequel s6Bs sdlon Ia
revendloation 28 et dans lequel ledIt  ledIt canal a une section
rectangulalre ayant des canal eat de section rectangulalre ayant des parols
a   parolssup6erlure et hIferieure opposees et des parols superleure et i
6rioure oppos6es (20, 22) et des   lat6rales opposbes, l'une desdites
parols lat6rales parols lat6rales +pposdes (500, 26) prises entre les-
formant ladtte parot dudit actionneur, caract6rtss en dies parols
supSrieure et Inf6rieure, I'une desdites  co quo lesdites parols lst6rales
et Inferieure sont for- parois laterales fornant ladite parol de
i'actionneur,  mees d'une souls pikee d'un materlau compronant un
caracter[s6 on ce que le joint (641) s'dtend sur touts  *o  matertau
ptezo-6lectrlque. une surface de lo paroi sup6rloure joponant les parols
35. Dfspositif pour Is d6pUt de gouttelets pui- laterales.
e6es solon la rovendlcatlon 32 ou 33, caracterlse en 30, Disposllif pour le
depot de gouttelettes put-  co que ledit canal est fonrn6 a partir de doux
pleces s6ee solon la revendication 28 ou 29, et dans lequel  de mat6riau
(803) comprenant un materiau plezo- ledit canal est de section
reclangulalre syant des   15  6letaiqueetchacune d'entre elia ayant dano un
cbt6 parole sup6rleure et Inferieure opposhes (20, 22) et  correspondant
une gorge (801) g6n6raltment deosec- des parole lateraIes opposdees (,
500). I'une deedi-  tion triangulatre, lesdttes parses etant fixees ensem-
tes parole lat6rales formant ladite perol de raction-  ble avec lesdites
gorges dans une disposition de neur, caract6s6 en as quo lesdites parols
laterales  vis-a-vis mutuel pour former ledit canal, dont deux et
Infbrieuraftont forrnmes d'une seuls plke d'une   20  faces joIntlves
form6es respectivement par lesdites matiere comprenant un mat6riau
plezo-6lectrique.   parties Identiques en matetiau plezo-dlectrique cons-
31. Dispositif pour le d6pot de gouttelettes pul-  tituant ensemble ladte
paroi de l'actfonneur. s6es solon la revendication 28, caracteris6 en ce
quo  36. Dispositif pour 1s d6p6t de gouttelettes pui- ladite parol de
l'actionneurcomporte une serie d'eleo-  s6es solon l'une des revendlcations
32 a 35, caract6- trades (522, 524, 526, 528) espac6es sur la longueur  2S
ris6 en ce quo ladite parol de i'actlonneur eat form6e de ladite paroi,
chcane d'ontre ellos etant disposde -  avec une partle de parol
Internidialre Inactive entre normalement auxdites faces int6rieure et
exterieure  lesdites parties de parol supsrieure et inf6ileure de la parol
et die dlectrodes alternmes de ladite sdrie  orlent6es en vis-a-vis. sont
rellees eh ctrlquement pour lPapplicatlon de      37. Dispositif pour to
d6p6t de gouttelettes pul- champs electriq es dans des seons oppos6s
longitu-  30  s6es selon la revendicatfon 36, caracteris6 en ce quo
dinaltemnt par rapport A ladite pearol entre lea 6lectro-  ladite partle de
peroi inactive Intermedlalre est sensi- des successives de ladite seri.
blement plus longue entre lesdttes partles superteure 32. Dlspositif pour
to depot de gouttetettes pul-  et Infdrdeure quo l'une desdites parties de
parol supi- soes salon la revendlcation 26, caracteuise en co que  rieure
et Infrieure. Ia parol de l'actionneur eat fortne de places supe-  35  38.
Dispositif pour le depUt de gouttelettes pul- doure et ninldeure oienties
en vie-h-vis (502,504) et  sees selon l'une does revendlcatlons 26 a 37,
caracte- les surfaces do: bard opposbes de ladite peroi de  risb ence quo
ladite buse (40, 618) et lesdits moyens I'actlonneur qul s'btendent
nomalement auxdtes    d'alimentation en liquids (42, 44, 4) soint retis
audit faces Interieure et extirleure et longitudinalement par  canal A ses
extremites respectives opposees. rapport audit capal sont fixees audIt
canal de fagon   40  39. Dispositif pour Is depot de gouttelettes pul-
etanche au liqulde de sorta quo ledit champ electrique  sees salon rune des
revendlcatfons 28 a 37, caract- appliqud serta 11chirles pices de parol
duditactton-  rsie en ce quo lesdits moyens d'alimentation en neur
transversaiement par rapport audit canal.     liquid. (743, 744) sont
relibs audit canal pour son 33. Disposilff pour le d6pot de gouttelettes
put-  remplissage en liquId. par rintermidialre de ladito s~as colon la
revendlcatlon 32, caractilse6 en co quo    5   buse. chacune desdites
places de parol supeieoure et ini-    40. Dispositif pour le depot de
gouttelettes put- rieure est pourvue d'une seie d'eiectrodes (522,524,
s6es solon l'une des revendications 26 & 39, caracts 526, 528) espacees de
fagon correspondents sur la  rise en ce quo les faces exteineure et
interieure de longueur dadite paroi, chacune Mtant disposee nor-  ladite
paroi du systeme de commando sont sinuouses msiement auxdits faces de parol
Intbrieure et exte-  5o  dans une vue en plan. rioure, et des 6lectrodes
aitemnes de chaque sbrie     41. Dispositif pour Is dep6t de gouttelettes
put- sont reliees electriquement pour appliquer des     s~ss salon Ia
revendication 40, caractbinse en ce quo champs 6lectriques en seons opposes
dans le sons   lesdites faces de parol Int6rieure et ext6rieure de
longitudinal de ladite perot entre des electrodes suo-  forme sinueuse de
ladite parol de l'actlonneur (500) coessives, les sons des champs dans les
pleces jot-  ss  sont paralleles. gnant lee parties de paroi superieure et
hnferieure    42. Dispositif pour le depot de gouttelettes put- entre lea
paires d'electrodes correspondantes des  sees solon l'une des
revendications 23 a 39, caracte- electrodes de la ario de la parot
superteure et la srie  rse en ca quo ledit matedrau plezo-electrique eat un
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molybdate degadoilnium ou du sel de Selgnette.    neur sont 6galement
formeas d'une seule piece dun 43. Dlsposltif a r6seau de canaux multiples
pour  mat4riau plezo-dlectrique. Ie dep6t de gou ttes puls6es, caractirbae
en ce       49. Dispositif A reseau de canaux multiples pour que des parole
supivrlure et Inferieure oppos.ee  le d6pot de gouttelettes pulsbes solon
l'une des (602,601) etdps parols d'actbonneura mode de dsaii-   5
revendications 43 t48, caracterlse en es qua chaque lament (603,, 500) en
mat6riau plezo-6lectrique   canal est divise longitudinalement en deux
canaux s'btendant ente loedites parols supedeure et Inf&  par une parol
Inactive (630) qul s'end entra lesdiles rieure et agencbes en paires de
parole successives  parole superieure et Inf6reureo t qul leur est normile.
d'actionneur pipur d~terminer une pluralit6 de canaux  50. Disposiltf a
r6seau de canaux multiples pour a liqulde separes (613) entre les parole de
chacune   io  le depOt de gouttblettes pulses saelon l'une des desdites
palres, des moyens de buse (617) compre-  revendlcathons 43 a 49,
caract6rls6 en ce quo ledit nant des buses (618) communiquant
respectivement  mat6riau plezo-dlectrique est une ceramlque piazo- avec
lesdits canaux, des moyens d'allmentation en  electrique comme du titanate
de zirconium-plamb liquIds (42, 44, 48, 743, 744) pour alimenter lesdits
(PZT) polaris6e dans le sans normal auxdltes pauils canaux on liquids pour
renouveller lea gouttelettes  15  superieure et Inferleure et lesdits
moyens d'dlecko- 6ject6es par lesdbs canaux et des moyans d'1eactro-  des
comprennent des electrodes (619,621) fomnes des (619,621, 522,524,528,528)
surleadites parole  aur les tacos oppoeoes deadites parole d'actlonneur
d'actlonneurpouryfonrmrdes champs de commands     disposees
nonnalementauxdites parolssuperleureat respectifs,4esdites parois
d'actionneur etant dispo-  Inferioure. sees. pat rapport au sens desdits
champs de   20      51. Dtsposltf A reseau de canaux multiples pour
commando de mantere a tre flechies lateralement   le depMt de gouttelettes
puls6es saelon l'une des par lesdits champs de commando respectifs pour
pro-  revendications 43 A 49, caracterisA en es qua ledit voquer une
modification de Ia presslon du liquide  mat6riau plazo-6lectrlque est un
materiau cristallin dans lesdits canaux et permettre l'djectlon de goutte-
non-polaris comme le molybdate de gadollnium ou lettes.
25  le sel- de SeIgnette, et lesdits moyens d'Electrode 44. Dlsposttif a
r~seau de canaux multiples pour  comnprennent des electrodes (522,524,526,
528) dis- le dipbt de gouttelettes pulse6es salon la revendica-  pooses
normalement auxdltes parole d'actionneur et tion 43, caractdiae en ce qua
lesdits canaux (613)  auxdlta canaux. sont sdpar~s ae moins do la largeur
d'un canal.       52. Procede de fabrIcation d'un disposltif A 45.
Dispositif a reseau de canaux multiples pour  30  reseau de canaux
multiples pour le depot de gouts- le depOt de gouttelettos pulsees salon la
revendlca-  lettes pulsees, caracterid par les etapes de: ton 43 ou ia
revendication 44, caracterise en ce qua  (a) formation d'une parol
Inferleure (601) avec lesditesparolsinfdrleureetd'actIonneursonthtfbrms
une couche de mateirau plazo-6lectrique d'uneseule pibe d'un matdriau
comprenantun mate-      (b) formation d'un certain nombre de gorges riau
plezo-6lectrique.                        35      parallbles (613, 615) dans
ladite paroi Infdrleure 46. Dlspo$iff A rdesau de canaux multiples pour
qui s'dtendant dane ladite couche de matidau le depot de gouttelettes
pulsees salon l'ne des       plezoelectrique pour former des parole (603)
an revendliations 43 A 45, cacteudse en ca qu'un joint   matdriau
piezo-lectrique entre les gorges suc- d'dtancdhdi (641) 9'6tend sur la
surface de ladite    cesslves,des palresdeparoleopposeesdetermil- parol
sup6deurafalsantface auxdltes parole d'action-.  4o  nant entre elgas des
canaux respectifs de liquids neur.
(c) mise en place d'electrodes (619, 621, 522, 47. Dlsposiff A rdseau de
canaux multiples pour    524, 526, 528) par rapport auxdites parole de le
depot de gouttelettes puls6es solon la revendics-  sorte qu'un champ
electrique pulsse Mmto appli- tion 43 ou la revendicatlon 44, caractdrisd
en ce qua  que pour rialiser un deplacement en clsaliletnent chacune
desdites parols d'acdonneur (500) sat for-  a  desdites parole
transversalement par rapport mee d'une pice superieure et d'une place
inferieure  auxdIts canaux (502, 504), lesdites plices de paroi etant
orienties  (d) connexion de moyans de circuit electrique de pour un
deplacement latdral en clealilement par rap-  commande (625) auxdites
electrodes port auxdits canaux pour effectuerl'jeection des gout-  (a)
fxation d'une parol sup6rieure (602) sur les- telettes.
60      dites parole pour farmer lesdits canaux I liquids 48. Dispostlf a
reseau de canaux multiples pour   (1) Installation de buses (818,740) et de
moyens le depot de gouttelettes pulsees salon la revendica-  d'allmentation
en liquids (42, 44, 46, 743, 744) ton 47, caractdrisf en ca que ladite
paroi superieure  sur lesdits canaux A liquide. (602) etlesdites pleces
superbures (502,605) deadl-   53. Procede salon Ia revendication 52,
caract6- tea parole dactionneur sont fbnnees dune seule  5s   rse en outre
par le ddpOt de deux couches de mate place d'un matdrlau comprenant un
materiau plazo-  riau plezo-6lectrique sur tadite parol inffideure et la
blectfique, et ladite parol Infbdreure (601) et lesdites  formation
desdites gorges de manlbre A s'tendre a places inferieures (504,607)
desdites parole d'action-  travers les deux couches pour former lesdites
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verticales (603), avec les parties supeiieure et infe- rieure (605, 607) de
chacune desdiles parole vertica. los destin6es lorsque lesdites 6lectrodes
sont Instaldees par rapport A celles-cl et sourrises a des champs
6lectriques a flechir en mode de clsaillement   5 dans ie mbme 4ens
transversal par rapport auxdlts canaux. 54. Procd6 solon la revendloatlon
52, caracti- ris oen outre parnle ddpOt d'une couche d'un matbrlu
plezo-6lectrlque surlesdibts parole inf6rieure otsup6-  io rieure (601,
602). la formation A Intervalles correspon- dents dens checune des couches
de mastrlau piezo-6lectrique.d'une multiplicft de gorges parallo- les (613,
616) pourformer des parole vertlicales (607, 805) sor ladite parol
Inferieure et ladite parol sup6-  is rieure et la fixation de ladite parol
superieure auxdltes parole vertlcales. d la parol Inferieure parfixation
des- dites parole verticales forn6es sur ladib parol supe- rieure aux
parols verticales correspondantes desdites parols vertiojos formbes our
ladite parol hnf6edure,  20 lee parois verticales do le parol supefieure et
les parole verticales de la parol inf6rieure sVadaptant de sorte quo
lorsqu'un champ electrique y est appllqu6 - -auxdites ilectrodes, les
parols verticales desdites parols sup~ieure et inf6rieure flchlssent dens
le  25 meme sens transversal par rapport auxdlts canaux. 55. Proced6 solon
rune des revendications 62 a 54, caracteris6 en outre par la disposition
d'une parol verticale non-achve (630) entre les parols de chacune desdites
palres do parole entre lesquelles sont amrn    3o nag6s lea cmnaux, pour
divisor alnsl longitudinale- ment chacun desdits canaux en deux canaux. 56.
Procede solon Is revendication 55, ceractA- rlse an outre par la
disposition d'dlectrodes par rap- port auxdltes parole InacIves et le
maintlen pendant  ss le fonctionnemnent, desdites 6lactodes A des poten-
tids Agaux pour 6viter un deplacoment en mode de clsallernent desdites
parols Inactives. 57. Procede solon lune des revendloations 52 b 656
caractirlsb -an ce quo leedits moysns d'alknenta-  4o tion en liqutde
(42,44,46) sont placas aux extremts des oanaux, loIgn6s desdites buses
(618). 58. Proc~dd selon rune des revendlcatlons 52 A 56, caracterlse en ce
quo lead Its moyens d'alimenta- tion en liquids (743, 744) sont places aux
extrhmites  46 respectves desdits canaux, adjacents auxdites buses (618,
740) pour Is remplissage au moyan des- dites buses desdits canaux en
liquids expulse parles- dites buses. 59. Procedd solon l'une des
revendications 52 A   so 58, caractrise on ce quo IB mattriau
pbozo-6lectrique utilis est du PZT. 60. Proc6d6 salon l'une des
revendications 52 A 58, caracterise en ce qu'un mat6riau cristallin plezo-
dlectrique comme le molybdate do gadollnium ou le  aw sel de Seignette eat
utllse comma mat6rlau plezo- 6lectrique precit6. 23    


