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sponding to the arrangement of nozzle apertures, with one end of the
piezoelectric plate being fixed to a frame The present invention relates to
a drop-on-demand  while the other end thereof opposite to the nozzle aper-
ink-jet printing head for jetting ink, in the form of small    tures is a
free end. droplets, from an ink reservoir so as to form printed dots 5  In
this printing head, a driving signal is applied to the on recording paper.
piezoelectric plate to thereby bend the elastic metal plate Drop-on-demand
ink-jet printing heads can be clas-    to store energy. In this state, the
application of the driving sified into three main types. The first type is
a so-called  signal is stopped to thereby release the elastic force bubble
jet type in which a heater for instantaneously  stored in the elastic metal
plate so that dynamic pressure vaporizing ink is provided on the top end of
a nozzle to  10 is applied to ink, creating a repulsion force to thereby
dis- thereby produce and jet ink drop by expansion pressure  charge the ink
in the form of ink drops to the outside created during vaporization. In the
second type, a piezo-    through the nozzle apertures. electric element
provided in a vessel constituting an ink  However, there is a problem in
that a high voltage reservoir flexes or expands in accordance with an elec-
has to be applied to the piezoelectric plate to bend the trical signal
applied thereto so as to jet ink in the form of 15 elastic metal plate to
such an extent as to form ink drops. a drop by a force produced when the
element expands.  It is an object of the present invention to solve the In
the third type, a piezoelectric element is provided in    foregoing
problems of the prior art. This object is solved an ink reservoir in
opposition to a nozzle so as to jet an  by a drop-on-demand ink-jet
printing head according to ink drop by dynamic pressure produced in a
nozzle area  independent claim 1 and by a method for forming vibra- upon
expansion of the piezoelectric element.  20 tors in a drop-on-demand
ink-jet printing head according As disclosed in Japanese Patent Publication
No.    to independent claim 23. Further advantageous features Sho-60-8953,
the above-mentioned third type drop-on-  of the invention are evident from
the dependent claims, demand ink-jet printing head has a configuration
wherein    the description and drawings. The claims are intended a
plurality of nozzle apertures are formed in a wall of a  to be understood
as afirst non-limiting approach of defin- vessel constituting an ink tank
and piezoelectric ele- 25 ing the invention in general terms. ments are
disposed at the respective nozzle apertures  The drop-on-demand ink jet
printing head of the matched in the direction of their expansion and
contrac-  present invention provides that ink drops can be pro- tion with
each other.                             duced at a low voltage in with a
high energy efficiency. In this printing head, a printing signal is applied
to  According to an aspect of the present invention, a drop- the
piezoelectric elements so as to selectively actuate 30 on-demand ink jet
printing head is provided which com- the piezoelectric elements to jet ink
drops from the cor-  prises: an array of a plurality of piezoelectric
elements responding nozzlesbythedynamic force produced when  arranged at
regular intervals and fixed at their one ends the piezoelectric elements
are actuated to thereby form  to a base, the other ends of the respective
piezoelectric dots on printing paper.                           elements
being free ends which are disposed in opposi- In such a printing head, it
is desirable that the effi- 35 tion to respective nozzle apertures, the
piezoelectric ele- ciency in inkdrop formation and the force of ink drop
jet-  ments being formed by cutting, at predetermined width, ting are
large. However, since the unit length of a  a piezoelectric plate obtained
by firing a lamination of piezoelectric element and the rate of
expansion/contrac-  paste-like piezoelectric material and conductive
material tion of the same per unit voltage are extremely small, it
stacked alternately in layers; and ink reservoir portions is necessary to
apply a high voltage to in order to obtain  40 formed between the nozzle
apertures and the free ends sufficient jetting force for printing, and it
is therefore nec-  of the piezoelectric elements. essary to construct a
driving circuit and electric insula-  In the printing head constructed
according to the tors so as to withstand such a high voltage.      present
invention, a piezoelectric plate is formed byfiring US-A-4,752,789 relates
to a multilayer transducer  a lamination of paste-like piezoelectric
material conduc- for an ink jet apparatus which is composed of a plurality
45 tive material stacked alternately in layers and is cut at of
piezoelectric plates stacked one upon the other. The  predetermined widths
into pieces to thereby constitute transducer is formed of stacked discrete
piezoelectric    the array of piezoelectric elements. Accordingly, even if
elements, one element being provided for each and  a low voltage is
selectively applied to the piezoelectric every active portion of the
transducer. Each element is  material layers constituting the respective
piezoelectric spaced from the other by a spacer means.      50  elements to
thereby drive the layers, the sum of the The use of spacers and discrete
piezoelectric ele-  respective force components acts on ink, so that it is
pos- ments has the disadvantage that the transducer is made  sible to
produce enough dynamic pressure to jet the ink of several discrete elements
and the exact mounting is  as ink drops through the corresponding nozzle
aper- difficult, costly and time consuming. Further, this struc-    tures.
Since the array of piezoelectric elements can be ture needs the application
of high voltage.   55 formed by cutting into strips the piezoelectric plate
fixed In order to obtain a high jetting force, European Pat-    to a base
or the like, extremely small vibration elements entA 0372521 discloses a
drop-on-demand ink-jet print-    can be produced with high working accuracy
and with ing head in which a piezoelectric plate is fixedly attached  high
efficiency. to an elastic metal plate and is cut and divided corre- 2   



3                 EP 0 443 628 B1                   4 Fig. 1 is a
perspective sectional view illustrating the  Figs. 21a and 21b are
sectional views respectively structure of a main part of a drop-on-demand
ink-jet  illustrating another state of attaching a nozzle plate printing
head.                                      and the operation thereof at the
time of forming an ink drop; Fig. 2 Is a sectional view illustrating the
structure of 5 a printing head                                     Figs.
22a to 22c are diagrams respectively illustrat- ing an embodiment in which
an elastic material such Fig. 3a to 3f are explanatory diagrams
illustrating  as bonding agentfillsspaceportionsofpiezoelectric steps of
producing a piezoelectric vibrator;        elements; 10 Fig. 4 is a
perspective view illustrating the structure  Figs. 23a and 23b are
sectional views illustrating the of a vibrator unit produced by the steps
shown in   ink-jet printing head of a third type according to the Figs. 3a
to 3f;                                     present invention; Fig. 5 is a
perspective view illustrating a drop-on-  15  Figs. 24a to 24c are
explanatory diagrams illustrat- demand ink-jet printing head in which a
nozzle plate  ing steps of forming the array of piezoelectric ele- is
removed;                                         ments for the apparatus
shown in Figs. 23a to 23b; Figs. 6a and 6b are sectional views illustrating
the  Figs. 25a and 25b are explanatory diagrams illus- structure of a
drop-on-demand ink-jet printing head  20  trating another embodiment of the
inventive method according to the present invention;                 of
forming the array of piezoelectric elements; Figs. 7a and 7b are
perspective views illustrating a  Fig. 26 is a sectional view illustrating
a printing head method of producing an array of piezoelectric ele-  using
the array of piezoelectric elements produced ments for use in the apparatus
of Fig. 6;   25      by the process shown in Figs. 25a and 25b; Fig. 8 is a
perspective view illustrating another   Figs. 27a to 27c are explanatory
diagram illustrating embodiment of the array of piezoelectric elements;
another method of forming an optimum array of pie- zoelectric elements for
the printing head shown in Figs. 9 to 11 are perspective views illustrating
a  30  Figs. 23a and 24b; method of attaching an array of piezoelectric
ele- ments onto a base plate;                            Fig. 28 is a
perspective view illustrating an embodi- ment of a nozzle plate suitable
for the array of pie- Figs. 12 to 14 are perspective views illustrating an
zoelectric elements shown in Fig. 27c; embodiment of the nozzle plate for
use in the printing  35 head according to the present invention;
Fig. 29 is a sectional view illustrating a printing head employing the
piezoelectric element array shown in Fig. 15 is a sectional view
illustrating an example of  Fig. 27c and the nozzle plate shown in Fig. 28;
a material base plate suitable for producing, by etch- ing, the nozzle
plate shown in Figs. 12 to 14;  40  Figs. 30a and 30b are sectional views
illustrating an embodiment of the printing head of a fourth type Fig. 16 is
a perspective view illustrating another  according to the present
invention; embodiment of the nozzle plate; Figs. 31a to 31c are explanatory
diagrams illustrat- Fig. 17 is a sectional view illustrating a printing
head 45    ing a first embodiment of a method of producing lead using the
nozzle plate shown in Fig. 16;            pieces suitable for the printing
head shown in Figs. 30a and 30b; and Fig. 18 is a sectional view
illustrating another embodiment of the state of attaching a nozzle plate;
Figs. 32a to 32c are explanatory diagrams illustrat- 50    ing a second
embodiment of the method of produc- Fig. 19 is a plan view illustrating an
embodiment in  ing lead pieces suitable for the printing head shown which
support members for supporting a nozzle       in Figs. 30a and 30b. plate
are formed by use of a piezoelectric plate at the same time;
Figs. 1 and 2 depict a drop-on-demand ink-jet print- 55  ing head, In the
drawings, a base 2 has sidewise Fig. 20 is a sectional view illustrating a
printing head  extended projection portions 2a and 2a at its one end using
a piezoelectric element array shown in Fig. 19;  portion, that is, at its
lower portion in the drawings, so that piezoelectric vibrators 12 and 12'
(which will be 3    5                EP 0 443 628 B1                  6
described later) are fixed to the projection portions 2a  a collecting
electrode 26, and the other end portion of and 2a.
the ceramic member 25 where the conductive layer 22 



On the upper surface ofthe base 2 isfixedavibration  is exposed is coated
with a conductive paint to thereby plate 4 for separating an ink reservoir
and the piezoelec-    form a collecting electrode 27 (in Fig. 3d) to
therebyform tric vibrators 12. Concave portions 4a and 4a are formed  5  a
piezoelectric plate 28. The thus-formed piezoelectric in the vibration
plate 4 in the vicinity of portions where  plate 28 isfixed onto the
projection portion 2a of the base the vibration plate 4 contacts the
piezoelectric vibrators  2 through a conductive bonding agent (Fig. 3e).
Then, 12 so that the vibration plate 4 can be respond easily to    the
piezoelectric plate 28 is cut by a diamond cutter or the vibration of the
piezoelectric vibrators 12.  the like, in the vicinity of the surface of
the base 2, to A spacer member 6, which acts also as a channel 10 thereby
divide it in predetermined widths into a plurality constituent member, is
fixed to the surface of the vibra-  of vibrators 30 (in Fig. 3f). tion
plate 4. In the spacer member 6, recess portions 6a  Thus, there is formed
an arrangement of the piezo- constituting ink reservoirs in cooperation
with the vibra-  electric vibrators 30 (corresponding to the piezoelectric
tion plate 4 are provided in the areas opposite to the pie-  plate 12 and
12 in Fig. 1), the respective one-end por- zoelectric vibrators 12. In a
nozzle plate 8 (which will be  15 tions of which are fixed to the base 2,
and the other free described later) recess portions 6b constituting ink
sup-  end portions of which are separated by slits 29 produced ply channels
are formed so that the recess portions 6a  by the above-mentioned cutting
process. The steps constituting the ink reservoirs, nozzle apertures and
the  shown in Figs. 3e and 3f are also applied to the opposite recess
portions 6b constituting the ink supply channels    surface of the base 2,
whereupon a vibrator unit as communicate with each other through respective
pene- 20 shown in Fig. 4 is formed. tration holes 6c and 6d. The nozzle
plate 8 is fixed to the  Individually separated conductive members are
surface of the spacer member 6, and in the nozzle plate  connected to the
respective collecting electrodes 26 8, a plurality of nozzle apertures 10
and 10' are formed  which are connected to the one-side electrodes of the
so as to accord with the arrangement of the piezoelectric  respective
piezoelectric vibrators 30, of the thus- vibrators 12 and 12'. The
respective openings of the 25 arranged vibration unit, while a common
conductive recess portions 6b formed in the spacer member 6 are  member is
connected to the collecting electrodes 27 sealed by the nozzle plate 8 so
as to form the ink supply  which are respectively connected to the
other-side elec- channels.                                         trodes.
Alternatively, in the casewherethe vibration plate The respective one end
portions of the above-men-  4 is made of a conductive material, the
vibration plate 4 tioned piezoelectric vibrators 12 and 12' are fixed to
the 30 is employed as the common conductive member. vibration plate 4, and
the respective other end portions  If an electric signal of about 30 V is
applied between of the same are fixed to the projection portions 2a.  the
conductive members, the piezoelectric vibrators 30 Figs. 3a to 3f
illustrate a method of producing the  to which the signal is selectively
applied through their above-mentioned vibrators.
proper conductive members, expand in their axial direc- A thin coating of a
piezoelectric material in paste- 35 tions as a result of application of the
actuating voltage to like form, for example, a titanic-acid/zirconic-acid
lead-  the respective piezoelectric material layers. system composite
ceramic material, is applied on a sur-  In this embodiment, since the
electrodes are dis- face plate 20 to thereby form a first piezoelectric
material  posed parallel to each other in the expansion direction, layer 21
(in Fig. 3a). A first conducive layer 22 is formed  the energy efficiency
is high in comparison with those of on the surface of the first
piezoelectric material layer 21, 40 other vibration modes. while a part of
the first piezoelectric material layer 21 is  The vibration plate 4 fixed
to the top ends of the pie- left as an exposed portion 21a (in Fig. 3b).
Further, a thin  zoelectric vibrators 12 expands so that the vibration
plate coating of a piezoelectric material is applied on the  4 contacting
the piezoelectric vibrators 12 is displaced respective surfaces of the
conductive layer 22 and the  in the direction toward the recess portions 6a
constituting exposed portion 21a of the first piezoelectric material 45 the
ink reservoirs, thereby compressing the ink reser- layer 21 to thereby form
a second piezoelectric material  voirs. The ink on which the pressure is
exerted through layer 23. A conductive layer 24 is further formed on the
the volume reduction of the ink reservoirs reaches the other surface of the
layer 23 opposite the surface on  corresponding nozzle apertures 10 through
the penetrat- which the conductive layer 21a has been formed (in Fig.
ing holes 6c and jets out as ink drops. 3c). The above steps are repeated a
required number of 50  When the application of the signal is stopped, the
times.                                            piezoelectric vibrators
12 contract so that the vibration In the stage where a predetermined number
of lay-  plate 4 also returns to its initial position. Consequently, ers
have been formed in the form of a lamination in such  the ink reservoir is
expanded to the volume at the time a manner as described above, the
lamination is dried and  when no signal is applied, so that the ink in the
recess fired under pressure at a temperature in a range of 55 portion 6b
flows into the recess portion 6a through the [err] to [err] for about an
hour, thereby obtaining  penetrating hole 6d, thereby preparing for the
next ink a plate-like ceramic member 25. One end portion of the  drop
generation. ceramic member 25 where the conductive layer 24 is    According
to this embodiment, the ink reservoirs exposed is coated with a conductive
paint to thereby form  compressed by the piezoelectric vibrators 12 and 12'
are 4    7               EP  0 443 628 B1                  8 connected with
the nozzle apertures 10 and 10' through  In the thus-arranged printing head
using arrays of 



ink channels such as the penetrating holes 6c and 6c,  piezoelectric
elements, if electric signals are applied to so that it is possible to
shorten the distance between the  the piezoelectric elements 45 and 46
through the lines two arraysof nozzle apertures 10 and 10' independently
47 and 48 and a common electrode, the base plate 44 of the distance between
the two arrays of piezoelectric 5  in this embodiment, the piezoelectric
elements 45 and elements 12 and 12'.                              46 expand
in the direction of lamination so that the free In Fig. 5, reference
numeral 32 represents a vibra-  ends of the piezoelectric elements 45 and
46 press ink tion plate, on the surface of which a ridge strip portion
toward the nozzle apertures 41 and 42, whereby the 32a is formed so as to
separate the array of piezoelectric  dynamically pressurized ink enters the
nozzle apertures vibrators 12 from the array of piezoelectric vibrators
12', 10 41 and 42 and is jetted out as ink drops to thereby form and groove
portions 32b to 32e are formed to surround  dots on the printing paper. the
respective top ends of the piezoelectric vibrators 12  When the application
of the electric signals is and 12'.
stopped, the piezoelectric elements 45 and 46 contract The reference
numeral 33 represents a nozzle plate    into their original states, so that
ink flows into the space in which nozzle apertures 34 and 34' are formed so
as  15 between the nozzle plate 43 and the piezoelectric ele- toaccord
withthe arrangementof thepiezoelectric vibra-  ments 45 and 46 to thereby
prepare for the next inkdrop tors 12 and 12', and ridge portions 33a to33c
are formed  generation. in the opposite side and central portions,
respectively, so  Figs. 7a and 7b show an embodiment of the inven- as to
form recess portions 33e and 33f constituting ink    tive method of
producing an array of piezoelectric ele- reservoirs on the top ends of the
piezoelectric vibrators 20 ments. In Fig. 7a, reference numeral 65
represents a 12 and 12' when the nozzle plate 33 is fixed to the vibra-
member in which the surface of a base plate 66 formed tion plate 32.
of a plate-like ceramic material is coated with a conduc- In this
embodiment, if the piezoelectric vibrators 12  tive material 67, which acts
also as bonding agent. The and 12' axially expand when an electric signal
of about  surface of the conductive material 67 of this base plate 30 V is
applied, the vibration plate 32 fixed to the top  25 66 is coated with
piezoelectric materials 68 and conduc- ends of the piezoelectric vibrators
12 and 12' expands  tive materials 69 alternately in layers in the same
manner so that the vibration plate 32 contacting the piezoelectric  as in
the above-mentioned case (Figs. 3a to 3c). vibrators is displaced toward
the recess portions 33e and  In the stage where a lamination of a
predetermined 33f of the nozzle plate 33, thereby compressing the ink
number of layers has been dried to a state in which it can therein through
the vibration plate 32. The compressed  30 be fired, the base plate 66, the
piezoelectric materials 68 ink jets out as ink drops through the nozzle
apertures 34  and the conductive materials 69 are fired Integrally as and
34' formed in the other surface.               they are. Consequently, the
base plate 66, the piezoe- If the application of the signal is stopped, the
piezo-    lectric materials 68 and the conductive materials 69 are electric
vibrators 12 contract to their initial states to make  bonded by the
conductive layers 67 and formed integrally the vibration plate 33 return to
its initial position, so that 35 (in Fig. 7b). Subsequent to the firing
operation, by form- the ink reservoir is expanded to the volume at the time
ing slits at a constant distance as mentioned above, it is of application
of no signal. Consequently, the ink in the  possible to integrally form
piezoelectric element arrays recess portions 32b to 32e flows into the
recess portions  on the base plate 66 in which the conductive layers 67 33e
and 33f constituting ink reservoirs, thereby prepar-    are formed. ing for
the next ink drop generation. No spacer member 40  Moreover, since the
jetting ability of liquid drops jet- is necessary, and it is possible to
simplify the assembling  ted from the nozzle apertures depends on the
distance process.                                           between the
nozzle plate and the free end surface of the In Fig. 6, which shows an
embodiment of the drop-  piezoelectric element, the value of the distance
can be on-demand ink-jet printing head of a second type   adjusted by
grinding the part forms the free end of the according to the present
invention, reference numeral 40  45 piezoelectric element when the
piezoelectric element is represents a cylindrical body composed of an
electrically    formed. In order to facilitate such adjustment, a layer S
isolating material such as ceramics. The cylindrical body  which has no
relationship to piezoelectric action may be 40 has openings at its opposite
ends. A nozzle plate 43  formed of a piezoelectric or electrode material in
having nozzle apertures 41 and 42 is fixed on the one  advance on the free
end surface, as shown in Fig. 8, so end of the cylindrical body 40 through
a bonding agent, 50 that the layer S may be ground to carry out the adjust-
while abaseplate 44 having piezoelectric element arrays  ment working.
(which will be described later) is fixed on the other end  Fig. 9shows
another embodiment of the arrayof pie- of the cylindrical body 40.
Piezoelectric elements 45 and  zoelectric elements according to the present
invention. 46 of these piezoelectric element arrays are disposed so  As
seen in the drawing, inactive layers 76 of a length cor- that the direction
of expansion/contraction is opposite to  55 responding to a quarter of the
vibration wavelength are the nozzle apertures 41 and 42 when electric
signals    formed between a base plate 70 and electrodes 74, from lines 47
and 48 are applied thereto. In addition, a  which are the closest to the
base plate 70, when piezo- partition plate 49 reaching the nozzle plate 43
is provided  electric elements 78 are fixed on the base plate 70 to on the
base plate 44.                             form a printing head assembly.
Consequently, of the 5    9                EP 0 443 628 B1
10 



elastic waves produced within the piezoelectric ele-  98 having a slightly
larger width W than the width W' of ments, elastic waves which have
propagated to the base  each piezoelectric element 96 passes a nozzle
aperture plate 70 are reflected on the surface of the base plate 70  100.
because the acoustic impedance of the base plate 70 is  According to this
embodiment, if the piezoelectric diferent from that of the piezoelectric
material so that the  5  element 96 is disposed close enough for its top
end to elastic waves return to the free ends while their phases  enter the
groove 98, elastic waves generated by the pie- are reversed by reciprocal
passage through the inactive  zoelectric element 96 apply a dynamic
pressure to ink in layers 76, thereby contributing to the ink drop
generation.  the groove 98. Then, since the ink in the groove 98 is Fig. 10
shows another embodiment of the array of  surrounded by the walls 102 of
the groove 98 and cov- piezoelectric elements according to the present
inven- 10 ered from the back with the free end of the piezoelectric tion.
In this embodiment, a layer 84 of a substance of a  element 96, the ink in
the groove 98 jets out from the high viscoelastic property is interposed
between a base  nozzle aperture 100 effectively. When the driving signal
plate 80 and an array of piezoelectric elements 82 which  is stopped to
thereby allow the piezoelectric element 96 are assembled as a printing
head, or the piezoelectric    to contract, inkflows from a portion not
opposite the pie- elements are fixed to the base plate through a bonding
15 zoelectric element in the groove 98 into an area opposite agent which
can maintain a high viscoelastic property    the piezoelectric element,
thereby preparing for the next upon completion of solidification, thereby
forming a  printing operation. Although the width of the groove 98 bonding
agent layer.                              is larger than that of the
piezoelectric element 96 in this According to this embodiment, since
elastic waves  embodiment so that the top end of the piezoelectric ele-
propagating to the base plate 80 are attenuated by the 20 ment 96 can enter
the groove 98, the width W of the viscoelastic layer 84, not only is it
possible to reduce the  groove 98 may be made smaller than the width W of
the interference of reflected waves from the base plate 80 to
piezoelectric element 96 to provide a space between the thereby stabilize
the generation and jet of ink drops, but    top end of the piezoelectric
element 96 and the surface also it is possible to absorb the strain
produced between  of the nozzle plate 101. In this case, ink receiving
elastic the base plate 80 and the piezoelectric elements 82 at 25 waves
from the piezoelectric element 96 is prevented the time of expansion of the
piezoelectric elements 82  from expanding in the direction parallel to the
nozzle by the viscoelastic layer 84 so as to prevent the piezoe-  plate 101
by the walls 102 of the groove 98, so that it is lectric elements 82 from
being broken off.        possible to produce ink drops effectively. On the
other hand, since the piezoelectric elements  Fig. 14 shows another
embodiment of the nozzle expand not only in their axial direction but also
in their 30 plate. In the nozzle plate of this embodiment, a recess width
direction at the time of discharging ink a large  portion 106 having
substantially the same shape as a stress acts on the bonding surface
thereof with the base  piezoelectric element is formed so as to surround a
noz- plate.                                             zle aperture 104,
and grooves 108 which are shallower Fig. 11 illustrate a positive measure
against such a  than the recess portion 106 are formed in both sides of
problem. As seen in the drawing, a shallow slit 87 is 35 the recess portion
106. formed in an array of piezoelectric elements 86 on the  According to
this embodiment, in the same manner side thereof contacting a base plate 85
so that the slit 87  as in Fig. 12, when a piezoelectric element 110
expands, can absorb the strain in the width direction. Thus, it is    that
is, when elastic waves are produced, dynamic pres- possible to prevent
problems such as breaking off of the  sure is applied to the ink in the
recess portion 106 from piezoelectric elements 86.                    40
the piezoelectric element 110. Surrounded by the wall of Fig. 12 shows an
embodiment of the above-men-  the recess portion 106 and the free end
surface of the tioned nozzle plate. In this embodiment, a nozzle plate
piezoelectric element 110, the ink jets out through the 92 is constituted
in a manner so that a nozzle aperture  nozzle aperture 104 effectively. On
the other hand, when 89 is formed in the area opposite to free end of each
pie-    the piezoelectric element contracts, ink flows from the zoelectric
element 88, and an elliptical recess portion 90  45 grooves 108 to the
recess portion 106 suddenly, prepar- is formed so as to surround the nozzle
aperture 89.  ing for the next ink drop generation. According to this
nozzle plate, if a signal is applied  In order to form such a nozzle plate,
a plate having so that the free end of the piezoelectric element 88  a
three-layer structure in which nickel plates 116 and 118 expands toward the
nozzle plate 92, ink present in the  are pressed and fixed onto the
opposite side of a copper elliptical recess portion 90 is surrounded by a
wall 94 of 50 plate 114, as shown in Fig. 15, is prepared, and then a the
recess portion 90 and covered from the backwith the  recess portion and
grooves are formed by an etching free end of the piezoelectric element 88
upon reception  agent which dissolves only the nickel plates 116 and 118 of
dynamic pressure caused by elastic waves from the  selectively. Thus, it is
possible to form a recess portion piezoelectric element 88. Its escape path
being blocked,  having an even bottom portion. the ink concentratedly flows
into the nozzle aperture 89. 55  For example, to form a plate having such a
three- It is therefore possible to jet ink drops effectively with as  layer
structure of a copper plate 114 having a thickness low applied voltage as
possible                   of 50 [err] sandwiched between nickel plates 116
and 118 Fig. 13 shows another embodiment of the nozzle  each having a
thickness of 25 [err], it is possible to dis- plate. In the nozzle plate of
this embodiment, a groove  solve all of the nickel plate on one surface of
the copper 6    



11               EP0443628B1                      12 plate at the same time
as a recess portion is formed on  In this process of expansion, the ink in
the gap G is the other surface, so that it is possible to form a nozzle
pressed to the nozzle aperture 152 and jetted out to the plate having a
groove of 50 [err] in width defining a nozzle  outside as an ink drop.
Since the nozzle aperture 152 aperture.
which has no relationship to the formation of an ink drop Figs. 16 and 17
show another embodiment of the 5  is made to elastically contact with the
free end of the pie- nozzle plate. In the nozzle plate of this embodiment,
zoelectric element 154, dynamic pressure from the adja- because of
screening the side of piezoelectric elements  cent piezoelectric elements
does not act on the nozzle 128 dynamic pressure caused upon application of
a sig-  aperture 152 so that the ink can be prevented from leak- nal to the
piezoelectric elements is prevented from prop-    ing. agating to other
adjacent nozzle apertures by separation  10  Although a space enabling ink
to flow is formed walls 126, so that it is possible to prevent unnecessary
between adjacent piezoelectric element arrays and ink from flowing out.
between the piezoelectric element arrays and the base Fig. 18 shows another
embodiment according to the  plate in the above-mentioned embodiment, a
bonding present invention. In this embodiment, struts 130 are  agent or
resin 162 having low viscosity and high elasticity formed between
piezoelectric elements 132 constituting  15 atthetime of solidification,
for example, an epoxy-system a piezoelectric element array, and are fixed
to a base  bonding agent, ultraviolet-ray setting resin such as G11 plate
134 on which the array of piezoelectric elements is  or G31 made by Asahi
Chemical Industry Co., Ltd., or mounted, or on a nozzle plate 136.
ultraviolet-ray setting silicon rubber such as TUV6000 or According to this
embodiment, not only it is possible  TUV 602 made by Toshiba Silicon Co.,
Ltd., is injected to control the distance between nozzle plate 136 and  20
and solidified in portions except for the free end surfaces each of the
piezoelectric elements 132 by use of the  of the piezoelectric elements
160, as shown in Figs. 22a struts 130, but also it is possible to prevent
dynamic pres-    to 22c, to thereby reduce the influence of the piezoelec-
sure from propagating between adjacent piezoelectric    tric elements 160
to vibration as much as possible, so elements 132.
that it is possible to reinforce the mechanical strength of Fig. 19 shows
another configuration of the struts 130  25 the piezoelectric elements 160
and more ensure the shown in Fig. 18. In this embodiment, the foregoing
rec-  electric insulation of the conductive layers. tangular-prism-like
piezoelectric ceramic material is  Figs. 23a and 23b show an embodiment of
a drop- fixed on a base plate 142, and then the ceramic material  on-demand
ink-jet printing head of a third type according is cut and separated into
portions 144 to form piezoelec-    to the present invention. In this
embodiment, piezoelec- tric elements and portions 146to form struts, the
portions 30 tric elements 172 and 174 are arrayed on a base plate to form
piezoelectric elements being ground a little on  166 through conductive
spacers 168 and 170 so that the the side of their free ends.
direction of lamination of the piezoelectric elements is In the thus-formed
array of piezoelectric elements,  parallel to the base plate 166 and the
free ends of the a nozzle plate 148 is disposed so as to be in contact with
piezoelectric elements are separated from each other by the portions 146 to
form struts as shown in Fig. 20, so  35 a predetermined space. In this
space, a separation wall that it is possible to make the gap between the
nozzle  member 176 is disposed with predetermined gaps from plate and the
free end of each of the piezoelectric ele-    the respective free ends of
the piezoelectric elements ments be a predetermined size. Accordingly to
this  172 and 174. embodiment, not only is it possible to form struts in
the  In a nozzle plate 178, nozzle apertures 180 and 182 process of forming
an array of piezoelectric elements, 40 are formed in opposition to the gaps
between the sepa- but also it is possible to simplify the assembling work
ration wall member 176 and the respective free ends of because of
eliminating the step of attaching the strut    the piezoelectric elements
172 and 174, andfixed at pre- members to the base plate.
determined intervals through a spacer 184. An ink tank Figs. 21a and 21b
show another embodiment of the  186 communicates with the nozzle apertures
180 and inventive method of fixing a nozzle plate. In this embod- 45  182
through communication holes 188 and 190. iment, a nozzle plate 150 through
which nozzle aper-  Figs. 24a to 24c depict a method of forming the tures
152 are bored is urged against a base plate 160 by  above-mentioned
piezoelectric element array. As seen magnets 156 and 158 or springs so as
to be always in    in these drawings, spacer members 196 and 198 are
contactwith thefree ends of piezoelectric elements 154.    fixed to a
member 194 corresponding to the base plate In this embodiment, a voltage in
the direction of con- so  166 in Figs. 23a and 23b through a bonding agent
(in traction is applied to the piezoelectric elements 154  Fig. 24a). In
this state, piezoelectric element plates 200 which are in the position of
ink drop formation. Conse-  and 202, which are the same as those shown In
Fig. 3, quently, a gap G is produced between the nozzle plate  are fixed at
their one ends through a conductive bonding 150 and the free end surfaces
of the piezoelectric ele-  agent so that the conductive layers on their one
side are ments 154 (in Fig. 21b), so that ink flows into this gap. 55 on
the side of the spacers 196 and 198 (Fig. 24b). Next, Then, when the
application of the signal is stopped, or if    slits 204 and 206 are formed
in the thickness of the pie- a signal in the direction of expansion is
applied, the free  zoelectric element plates at predetermined intervals
ends of the piezoelectric elements 154 expand toward  extending parallel to
the direction of lamination of the pie- the nozzle plate 150.
zoelectric element plates 200 and 202 (Fig. 24c). Con- 7   
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piezoelectric elements 205 and 207    agent 218 is extremely small, so that
the energy pro- separated from each other by the slits 204 and 206 are
duced as the transformation of the piezoelectric element formed on the base
plate 194 in a manner so that elec-    is not absorbed by the bonding
agent. trodes on one side are commonly connected to each   Figs. 27ato 27c
illustrate another embodiment of the other by the spacers 196 and 198.
5  inventive method of forming a piezoelectric element In this embodiment,
if a signal is applied to the pie-  array, in which spacers 242 and 244
arefixedtothe oppo- zoelectric elements 172 and 174 to form dots (Fig. 23a
site ends of a base plate 240, and a bonding agent 246 and 23b), a voltage
is applied to the respective piezoe-  having low viscosity and high
elasticity at the time of lectric layers of the piezoelectric elements 172
and 174  solidification flows into a grooved portion formed by the through
conductive layers 171 and 173 of the piezoelec- 10 spacers 242 and 244
(Fig. 27a). A piezoelectric element tric element 172 and conductive layers
175 and 177 of  plate 248 the same as the mentioned above is fixed to the
piezoelectric element 174 at the same time, so that    the spacers 242 and
244 with a conductive bonding the sum of expansion force of the respective
piezoelec-  agent and to the base plate 240 with a bonding agent tric
layers acts on the free ends. Accordingly, the ink  246 (Fig. 27b). When
the bonding agent has solidified, between the separation wall member 176
and the free  15 two slits 250 and 252 separated from each other and end of
the piezoelectric element 174 is pressed out from  extending to the outer
surface of the base plate 240 are the space and jets out to the outside
from the nozzle    formed. Next, slits 254 parallel in the oblique
direction aperture 182. When the application of the voltage to the  are
formed at predetermined intervals so that the two piezoelectric element 174
is stopped, the piezoelectric  endsof thepiezoelectricelement plates
separated bythe elementcontracts, sothat inkflowsfromthe inktank 186 20
slits 250 and 252 are displaced by one-half pitch (Fig. into the space,
thereby preparing for the next dot gener-  27c). ation.
Consequently, the free ends of the piezoelectric ele- Although
piezoelectric elements are fixed in the form  ments opposite to each other
with the partition member of a cantilever shape by a spacer in a printing
head  256 therebetween are displaced by one-half pitch, so shown in Figs.
23a and 23b, as shown in Fig. 25a, por- 25 that it is possible to print
dots formed by the one-side tions of piezoelectric element plates 210 and
212 pro-  piezoelectric elements 260 between dots formed by the jecting
over spacers214 and 216 arefixed to a base plate  other side piezoelectric
elements 258. 220 by a bonding agent or resin 218 having a low viscos-  A
nozzle plate 266 is prepared for the thus-arranged ity and a high
elasticity at the time of solidification, for  piezoelectric elements, with
the nozzle plate 266 example, an epoxy-system bonding agent,
ultraviolet-ray 30 arranged by displacing nozzle apertures 262 in the first
hardening resin such as G11 and G31 made by Asahi  column and nozzle
apertures 264 in the second column Chemical Industry Co., Ltd., or
ultravioletray setting sili-    from each other by one-half pitch, as shown
in Fig. 28. con rubber such as TUV6000 or TUV 602 made by       The nozzle
plate 266 is attached to the base plate Toshiba Silicon Co., Ltd. In this
state, slits 222 are formed  240 (Fig. 27c) through a spacer 268 as shown
in Fig. 29, at predetermined intervals using a diamond cutter or the 35
thereby constituting a printing head. like, thereby forming piezoelectric
elements 224 and  In this embodiment, the slits 250 and 252 form ink 226,
with their one-side surfaces being bonded to the  channels, and a portion
256 separated by these slits 250 base plate 220 (Fig. 25b).
and 252 functions as a partition member, so that when According to such a
method, it is possible to absorb  a signal is appliedtothe piezoelectric
elements 258a and the vibration produced at the time of forming the slits
to  40 260, ink drops are jetting out from the nozzle apertures thereby
prevent the piezoelectric element plates from  262 and 264. being broken
off.                                     According to this embodiment,
since a partition As shown in Fig. 26, a nozzle plate 230 is attached
member and ink channels can be formed together with through a spacer 228 to
the base plate 220 on which the  the formation of piezoelectric elements at
the same time, thus -formed piezoelectric element arrays are mounted, 45 it
is possible to simplify the process of production, and it thereby providing
a printing head the same as that shown  is also possible to improve the
density of dots without in Fig. 23a. Reference numeral 232 in Fig. 26
represents  making the width of the piezoelectric elements narrow. a
partition member disposed between the facing sur-  In the printing heads of
the second and third types, faces of the piezoelectric elements, and 234
and 236  the entire large force produced by the thickness-wise represent
nozzle apertures.                  50 vibration of piezoelectric elements
is used, and ink is jet- In this embodiment, if a voltage is applied to the
pie-    ted out by the pressure of the piezoelectric elements, so
zoelectric element 224 opposite the nozzle aperture 234  that it is
possible to produce ink drops effectively not only to form a dot, the
piezoelectric element 224 expands    in the case of using a normal ink but
also in the case of while transforming the bonding agent 218 elastically,
using an extremely high viscous inksuch as hot melt ink. pressing the ink
between the partition member 232 and  55  Figs. 30a and 30b show an
embodiment of a fourth the free end thereof, thereby jetting the ink from
the noz-    type according to the present invention. In the drawings, zle
aperture 234 as an ink drop. Of course, since the  the reference numeral
270 represents a lead piece com- force produced by the piezoelectric
element 224 is    posed of a high elastic spring member 272 and a piezo-
extremely large, the effect of the viscosity of the bonding  electric
element 274 (which will be described later) 8  
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elastic spring member 272, one end of  plate 310 at regular intervals using
a diamond cutter or the lead piece 270 being fixed to a spacer 276 so that
the like, so astoform stripped lead pieces322, one ends the lead piece 270
faces a nozzle plate 278, the other  of which are fixed to the spacer 318
and the other ends end of the lead piece 270 being formed as a free end so
of which are free (Fig. 32c). that the lead piece can vibrate flexibly.
Reference  5  According to this embodiment, if an electric signal in
numeral 278 represents a nozzle plate in which nozzle    the direction of
contraction of the piezoelectric element apertures are formed at positions
opposite the free ends  plate 312 is applied to conductive layers 314 and
316, of respective ones of the lead pieces 270. The nozzle    the
respective free ends of the lead pieces 322 are bent plate 278 isfixedtoa
base member 282 which also func-    toward the piezoelectric element plate
312 against the tions as a housing.                            10
elasticity of the plate 310. Figs. 31a to 31 c illustrate a process of
producing the  In this state, when the application of the electric sig-
above-mentioned lead piece, in which a piezoelectric  nal is stopped, the
elastic force stored in the plate 310 is element plate 292 produced by the
above-mentioned  released so that the lead pieces 322 spring and return
process is cemented through a bonding agentto one sur-    to their original
positions. face of a plate 290 composed of a high elastic metal plate  15
or ceramics constituting the above -mentioned spring  Claims plate 272 so
that conductive layers 294 and 296 thereof are parallel to the plate 292,
thereby constituting a plate.  1. A drop-on demand ink-jet printing head
comprising: The thus integrally formed structure constituted by  a nozzle
plate (8;43;266) having an array of a plu- the piezoelectric element plate
292 and the plate 290 is 20    rality of nozzle apertures (10,10';41,42;
262;280); an fixed to a spacer member 298 on its one side (Fig. 31b),
array of plurality  of piezoelectric  elements and slits 300 are formed at
regular intervals using a dia-  (12,12';45,46;258,260) arranged at regular
intervals mond cutter or the like to thereby strip lead pieces 302  and
fixed at one end thereof to a base with their one ends fixed to the spacer
298 and with their  (2;44;240;282), the other ends of said respective other
ends made free (Fig. 31c).              25      piezoelectric  elements
(12,12';45,46;258,260) Accordingly to this embodiment, if an electric
signal  being free ends which are in opposition to respective
inthedirectionof contraction ofthepiezoelectricelement  ones    of    said
nozzle    apertures plate292 isapplied tothe conductive layers 294 and 296,
(10,10';41,42;262;280), ink  reservoir portions the free ends of the lead
pieces 302 are bent toward the  (6a,6b) being formed between said nozzle
apertures piezoelectric element plate 292 against the elasticity of 30
(10,10';41,42;262;280) and said free ends; the plate 290.
characterized in that In this state, when the application of the electric
sig-  said piezoelectric elements (12,12';45,46;258;260) nal is stopped,
the elastic force stored in the plate 290 is  being formed by cutting, at
predetermined width, a released so that the lead pieces 302 spring and
return  piezoelectric plate (25;274) obtained by a lamination to their
original positions.                  35      of at least two layers of
piezoelectric material and at Consequently, ink between the nozzle plate
278 and  least two layers of conductive material stacked alter- the lead
pieces 270 (Fig. 30a) is pressed out toward the  nately in layers
(21,23,22;68,69). nozzle aperture 280 and jetted outof the nozzle aperture
280 as an ink drop.                               2. A drop-on-demand
ink-jet printing head, according Although the piezoelectric element plate
292 pro- 40    to claim 1 further comprising: duced in advance is cemented
to the plate 290 in the  at least one partition member (256) disposed so as
embodiment shown in Fig. 31, high heat-proof ceramics  to be in opposition
to the respective free ends of said may be used for the plate 290, so that
it is possible to  piezoelectric elements (254) while a space omit the
cementing process if the piezoelectric element  (250,252) for forming an
ink reservoir is defined plate is formed on the above-mentioned process (in
Fig. 45  between said partition member and said free ends, 3) thereon.
and the nozzle plate (266) is disposed so as to be Figs 32a to 32c show
another embodiment of pro-   in opposition to said space. ducing a lead
piece, in which a piezoelectric element plate 312 produced by the
above-mentioned process is  3. A drop-on-demand ink-jet printing head
according cemented to one surface of a plate 310 composed of an  50    to
one of the preceding claims elastic metal plate or ceramics and
constituting the  wherein the piezoelectric plate (274) is fixed at one
above-mentioned spring plate 272 with a bonding agent  surface of a plate
(272) made of an elastic material sothatconductivelayers314and 316 of the
piezoelectric  and said cutting at predetermined width is made for element
plate 312 are perpendicular to the plate 310  forming a plurality of lead
pieces (270) with one end (Fig. 32a).                                   55
thereof fixed to a base (282) and their other ends The piezoelectric
element plate 312 and the plate  being free ends disposed in opposition to
the nozzle 310 arranged integrally is fixed at its one end portion to
apertures (280) and said ink reserving space is a spacer member 318 (in
Fig. 32b). Then, slits 320 are  formed between said nozzle apertures and
said free formed in the piezoelectric element plate 312 and the  ends of
said lead pieces (270). 9 



15               EP 0 443 628 B1                 16 laminated on the
elastic spring member 272, one end of  plate 310 at regular intervals using
a diamond cutter or the lead piece 270 being fixed to a spacer 276 so that
the like, so as to form stripped lead pieces 322, one ends the lead piece
270 faces a nozzle plate 278, the other  of which are fixed to the spacer
318 and the other ends end of the lead piece 270 being formed as a free end
so  of which are free (Fig. 32c). that the lead piece can vibrate flexibly.
Reference  5  According to this embodiment, if an electric signal in
numeral 278 represents a nozzle plate in which nozzle    the direction of
contraction of the piezoelectric element apertures are formed at positions
opposite the free ends  plate 312 is applied to conductive layers 314 and
316, of respective ones of the lead pieces 270. The nozzle    the
respective free ends of the lead pieces 322 are bent plate 278 is fixed to
a base member 282 which also func-    toward the piezoelectric element
plate 312 against the tions as a housing.                           10
elasticity of the plate 310. Figs. 31 a to 31 c illustrate a process of
producing the  In this state, when the application of the electric sig-
above-mentioned lead piece, in which a piezoelectric  nal is stopped, the
elastic force stored in the plate 310 is element plate 292 produced by the
above-mentioned  released so that the lead pieces 322 spring and return
process Is cemented through a bonding agent to one sur-    to their
original positions. face of aplate290 composed of a high elastic metal
plate  15 or ceramics constituting the above -mentioned spring  Claims
plate 272 so that conductive layers 294 and 296 thereof are parallel to the
plate 292, thereby constituting a plate.  1. A drop-on demand ink-jet
printing head comprising: The thus integrally formed structure constituted
by  a nozzle plate (8;43;266) having an array of a plu- the piezoelectric
element plate 292 and the plate 290 is 20    rality of nozzle apertures
(10,10':41,42;262;280); an fixed to a spacer member 298 on its one side
(Fig. 31b),  array of plurality of piezoelectric elements and slits 300 are
formed at regular intervals using a dia-  (12,12';45,46;258,260) arranged
at regular intervals mond cutter or the like to thereby strip lead pieces
302  and fixed at one end thereof to a base with their one ends fixed to
the spacer 298 and with their  (2;44;240;282), the other ends of said
respective other ends made free (Fig. 31c).              25
piezoelectric  elements  (12,12';45,46;258.260) Accordingly to this
embodiment, if an electric signal  being free ends which are in opposition
to respective in the direction of contraction of the piezoelectric element
ones    of   said    nozzle    apertures plate 292 is applied to the
conductive layers 294 and 296,  (10,10';41,42;262;280), ink reservoir
portions the free ends of the lead pieces 302 are bent toward the  (6a,6b)
being formed between said nozzle apertures piezoelectric element plate 292
against the elasticity of 30    (10,10';41,42;262;280) and said free ends;
the plate 290.                                       characterized in that
In this state, when the application of the electric sig-  said
piezoelectric elements (12,12';45,46;258;260) nal is stopped, the elastic
force stored in the plate 290 is  being formed by cutting, at predetermined
width, a released so that the lead pieces 302 spring and return
piezoelectric plate (25;274) obtained by a lamination to their original
positions.                  35     of at least two layers of piezoelectric
material and at Consequently, ink between the nozzle plate 278 and  least
two layers of conductive material stacked alter- the lead pieces 270 (Fig.
30a) is pressed out toward the  nately in layers (21,23,22;68,69). nozzle
aperture 280 and jetted out of the nozzle aperture 280 as an ink drop.
2. A drop-on-demand ink-jet printing head, according Although the
piezoelectric element plate 292 pro- 40    to claim 1 further comprising:
duced in advance is cemented to the plate 290 in the  at least one
partition member (256) disposed so as embodiment shown in Fig. 31, high
heat-proof ceramics  to be in opposition to the respective free ends of
said may be used for the plate 290, so that it is possible to
piezoelectric elements (254) while a space omit the cementing process if
the piezoelectric element  (250,252) for forming an ink reservoir is
defined plate is formed on the above-mentioned process (in Fig. 45  between
said partition member and said free ends, 3) thereon.
and the nozzle plate (266) is disposed so as to be Figs. 32a to 32c show
another embodiment of pro-  in opposition to said space. ducing a lead
piece, in which a piezoelectric element plate 312 produced by the
above-mentioned process is    3. A drop-on-demand ink-jet printing head
according cemented to one surface of a plate 310 composed of an  50    to
one of the preceding claims elastic metal plate or ceramics and
constituting the  wherein the piezoelectric plate (274) is fixed at one
above-mentioned spring plate 272 with a bonding agent  surface of a plate
(272) made of an elastic material sothat conductive layers 314 and 316 of
the piezoelectric  and said cutting at predetermined width is made for
element plate 312 are perpendicular to the plate 310  forming a plurality
of lead pieces (270) with one end (Fig. 32a).
55    thereof fixed to a base (282) and their other ends The piezoelectric
element plate 312 and the plate  being free ends disposed in opposition to
the nozzle 310 arranged integrally is fixed at its one end portion to
apertures (280) and said ink reserving space is a spacer member 318 (in
Fig. 32b). Then, slits 320 are  formed between said nozzle apertures and
said free formed in the piezoelectric element plate 312 and the  ends of
said lead pieces (270). 
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Thedrop-on-demand ink-jet printing head according  14. The drop-on-demand
ink-jet printing head according to one of the preceding claims in which
said piezo-  to one of the preceding claims wherein said nozzle electric
plate is obtained by firing or burning a lami-  plate is supported by a
support member so as to be nation of paste-like piezoelectric material and
disposed in opposition to said free ends portions of conductive material
stacked alternatively in layers 5  said piezoelectric elements with a
predetermined (21,23,22;68,69).                                 space
therebetween. 5. The drop-on-demand ink-jet printing head according  15.
The drop-on-demand ink-jet printing head according tooneofthepreceding
claims, further comprising a   to claim 14, in which said support member
(146) vibration plate (4) driven by said piezoelectric ele- 10    comprises
a piezoelectric element plate. ment array (12,12';45,46,258,260) and
interposed between said nozzle plate (8;43;266) and said pie-  16.
Thedrop-on-demand ink-jet printing head according zoelectric element array.
to one of the preceding claims, wherein said nozzle plate (136) is provided
with a partition member (176) 6. The drop-on-demand ink-jet printing head
according  15  between adjacent ones of said nozzle apertures toone of the
preceding claims, in which said ink res-  (180,182) and supported by a
support member ervoirs are formed by providing recess portions   (184) so
as to be disposed at a predetermined dis- (6a,6b,6c) in a spacer (6)
interposed between said  tance from respective free ends of said
piezoelectric nozzle plate (8) and a vibration plate (4).       elements
(172). 20 7. Thedrop-on-demand ink-jet printing head according  17. The
drop-on-demand ink-jet printing head according to one of claims 1 to 5, in
which said ink reservoirs  to one of the preceding claims, wherein said
nozzle are  formed  by  providing  recess  portions      plate (150) is
provided with at least one nozzle aper- (33e,33f;32b,32c,32a,32d) in said
nozzle plate (33)  ture (152) disposed so as to be In elastic contact with
and/or a vibration plate (32).             25    respective free ends of
said piezoelectric elements (154). 8. The drop-on-demand ink-jet printing
head according to one of the preceding claims, in which elastic mate-  18.
The drop-on-demand ink-jet printing head according rial (162) is injected
between adjacent ones of said  to one of claims 2 to 17, in which said at
least one piezoelectric elements (160).              30     partition
member (256) is constituted by a piezoe- lectric plate. 9.
Thedrop-on-demand ink-jet printing head according to one of the preceding
claims, in which recess por-    19. The drop-on-demand ink-jet printing
head according tions, (90;98;106) are formed at said nozzle aper-  to one
of the preceding claims, in which the direction tures opposite to said free
ends of respective ones 35  of said cutting is disposed by a predetermined
angle of said piezoelectric elements (88;96;1 10).      from the direction
perpendicular to the direction of array of said nozzle apertures. 10. The
drop-on-demand ink-jet printing head according to one of the preceding
claims, in which each of said  20. The drop-on-demand ink-jet printing head
according piezoelectric elements has an immovable area (76) 40    to one of
the preceding claims, in which said piezo- at the base side (2;70).
electric material and said conductive material are laminated in parallel to
said plate. 11. Thedrop-on-demand ink-jet printing head according to claim
10, in which said immovable area has a  21. The drop-on-demand
ink-jetprinting head according length equal to a quarter of vibration
wavelength of 45    to one of claims 1 to 19, in which said piezoelectric
the piezoelectric element.                        material and said
conductive material are laminated perpendicular to said plate. 12.
Thedrop-on-demand ink-jetprinting head according to one of the preceding
claims, further comprising a  22. The drop-on-demand ink-jet printing head
according viscoelastic material layer (84) interposed between  50    to
claim 14, in which said support members are dis- said piezoelectric
elements (82) and said base (80)  posed on both sides of respective
piezoelectric ele- so as to fix said piezoelectric elements to said base.
ments. 13. The drop-on-demand ink-jet printing head according  23. Method
for forming vibrators in a drop-on-demand to one of the preceding claims,
in which slits (87) are  55    ink-jet printing head comprising the steps
of: formed in said piezoelectric elements (86) at the base side (85)
thereof.                              (a) applying a thin coating of a
piezoelectric material in paste-like form on a surface plate to thereby
form a first piezoelectric material layer;  
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conductive layer on the sur-  zirconic-acid lead-system composite ceramic
mate- face of the first piezoelectric material layer while  rial. a part of
the first piezoelectric material layer is left as an exposed portion;
31. Method according to any one of claims 26 to 30 5      wherein step (f)
is made under pressure. (c) applying a thin coating of a piezoelectric
material on the respective surfaces of the first  32. Method according to
any one of claims 26 to 31 conductive layer and the exposed portion of the
wherein step (f) is made at a temperature in a range first piezoelectric
material layer to thereby form  of [err] to [err]. a second piezoelectric
material layer,  10 33. Method according to any one of claims 26 to 32 (d)
forming a second conductive layer on the  wherein step (f) is made for
about one hour. other surface of the second piezoelectric mate- rial layer
opposite the surface on which the con-  34. Method according to any one of
claims 26 to 33 ductive layer has been formed;          15     wherein the
plate-like member is a ceramic member. thereby obtaining a lamination.
35. Method according to any one of claims 29 to 34 wherein step (i) is made
by a diamond cutter or the 24. Method according to claim 23, wherein the
steps (a)  like. to (d) are repeated a required number of times to  20
obtain the lamination with a predetermined number  Patentanspriche of
layers. 1. Tintenstrahldruckkopf des Tropfen auf Abruf-Typs 25. Method
according to claim 23 or 24 further compris-  mit: ing the step of
25     einer Dosenplatte (8; 43; 266) mit einer Anordnung einer Mehrzahl
von DOsenaffnungen (10,10'; 41.42; (e) drying the lamination.
262; 280); einer Anordnung elner Mehrzahl von pie- zoelektrischen Elementen
(12, 12'; 45, 46; 258, 26. Method according to any one of claims 23 to 25
fur-  260), welche in regelmaBigen Abstanden angeord- ther comprising the
step of                30     net sind und an einem ihrer Enden an einer
Basis (2; 44; 240; 282) befestigt sind, wobei die anderen (f) firing or
burning the lamination thereby   Enden der jeweingen piezoelektrischen
Elemente obtaining a plate-like member.                (12,12'; 45, 46;
258, 260) freie Enden sind, welche jeweiligen DOsenoffnungen (10, 10'; 41,
42; 262; 27. Method according to any one of claims 23 to 26 fur- 35  280)
gegenaberliegen, Tintenreservoirsbereichen ther comprising the step of
(6a, 6b), welche zwischen den DOsenOffnungen (10, 10'; 41, 42; 262; 280)
und den freien Enden gebildet (g) coating and portions of the member where
sind; conductive layers are exposed with a conduc-  dadurch gekennzeichnet,
daB tive paint to thereby form collecting electrodes 40  die
piezoelektrischen Elemente (12,12'; 45,46; 258; to thereby form a
piezoelectric plate.         260) durch Schneiden elner piezoelektrischen
Platte (25; 274), bei vorbestimmter Breite, gebildet 28. Method accordingto
claim27 furthercomprising the    sind, wobel die piezoelektrische Platte
durch eine step of                                           Laminierung
von mindestens zwei Schichten piezo- 45     elektrischem Material und
mindestens zwei Schich- (h) fixing the piezoelectric plate onto a base  ten
leitendem  Material erhalten wird, welche through a conductive bonding
agent.            abwechselnd in Schichten (21,23,22; 68,69) Ober- einander
angeordnet sind. 29. Method according to claim 28 further comprising the
step of                                    50 2. Tintenstrahldruckkopf des
Tropfen auf Anruf-Typs gemAB Anspruch 1, der des weiteren folgendes auf-
(i) cutting the piezoelectric plate in the vicinity of  weist: the surface
of the base, to thereby divide it in  mindestens ein Abtrennelement (256),
welches so predetermined widths into a plurality of vibra-  angeordnet ist,
daB es den jeweiligen freien Enden tors.
55      der piezoelektrischen Elemente (254) gegenaber- liegt, wahrend
zwischen dem Abtrennelement und 30. Method according to any one of claims
23 to 29   den freien Enden ein Raum (250, 252) zur Bildung wherein the
piezoelectric material is a titanic-acid or  sines Tintenreservoirs
ausgebildet lot und die    
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angeordnet ist, daB diese dem  jeweiliger Elements der piezoelektrischen
Elements Raum gegenoberliegt.                              (88; 96; 110)
gebildet sind. 3. Tintenstrahldruckkopf des Tropfen auf Abruf-Typs  10.
Tintenstrahidruckkopf des Tropfen auf Anruf-Typs gemAB einem der
vorhergehenden Ansproche,  5      genaII einem der vorhergehenden
Ansprochs, in bei dem die piezoelekirische Platte (274) an einer  dem jedes
der piezoelektrischen Elements einen Oberflache einer aus einem elastischen
Material   unbeweglichen Bereich (76) an der Basisseite (2; hergesteliten
Platte (272) befestigt ist und das  70) aufweist. Schnsiden bel
vorgegebener Brelte zur Bildung einer Mehrzahl von Leitungsstfcken (270)
erfolgt, 10 11. Tintenstrahldruckkopf des Tropfen auf Abruf-Typs wobei sin
Ende davon an einer Basis (282) befestigt  gemaB Anspruch 10, in demn der
unbewegliche ist und deren andere Enden freie Enden sind, wel-  Bereich
sine LAnge entsprechend ernem Viertel der che den DOsenoffnungen (280)
gegenOberliegend     Vibrationswellenlange des piezoelektrischen Ele-
angeordnet sind, und der Tintenreservoirsraum zwi-  ments aufweist. schen
den DOsenoffnungen und den-freien Enden  is der LeitungsstOcke (270)
ausgebildet ist.      12. Tintenstrahidruckkopf des Tropfen auf Abruf-Typs
gemaB sinem der vorhergehenden Ansprflche, wel- 4. Tintenstrahldruckkopf
des Tropfen auf Anruf-Typs   cher des weiteren sine zwischen den
piezoelsktri- gemaB einem der vorhergehenden Ansproche, bei     schen
Elementen (82) und der Basis (80) dem die piezoelektrische Platte durch
Erwarmen  2o  angeordnete Schicht (84) sines viskoslastischen oder Brennen
siner Laminierung aus pastenartigem  Materials aufweist, urn somit die
piezoelektrischen piezoelektrischem Material und leitendem Material,
Elements an der Basis zu befestigen. welches abwechselnd in Schichten (21,
23, 22; 68, 69) obereinander angeordnet ist, erhalten wird.  13.
lintenstrahidruckkopf des Tropfen auf Anruf-Typs 25     gemaB einem der
vorhergehenden Ansproche, in 5. Tinteristrahildruckkopf des Tropfen auf
Anruf-Typs  dem Schlitze (87) in den piezoeleitrischen Elemen- gemaB einem
der vorhergehenden Ansproche, der     ten (86) an der Basisseibt (85) davon
gebildet sind. des weiteren sine Vibrationsplatte (4) aufweist, wel- che
durch die Anordnung (12,12'; 45,46, 258, 260)  14. Tintenstrahldruckkopf
des Tropfen auf Abruf-Typs der piezoelekrischen Elements angetrieben ist
und  30  gemAB einem der vorhergehenden Ansproche, bei sich zwischen der
DOsenplatte (8; 43; 266) und der  dem die Dosenplatte durch sin
Halteelement gehal- Anordnung der piezoelektrischen Elements befin-   ten
ist, urn den Bereichen der freien Enden der pie- det.
zoelektrischen Elements mit einem vorbestimmten Raum dazwischen
gegenoberliegend angeordnet 6. Tintenstrahidruckkopf des Tropten auf
Anruf-Typs 35  zu sein. gemaB einem der vorhergehenden AnsprOche, in dem
die Tintenreservoire durch Bereitstellung von  15. Tintenstrahidruckkcpf
des Troplen auf Abruf-Typs Ausnehmungsbereichen (6a, 6b, 6c) in einem
gemaB Anspruch 14, indemdas Halteelement (146) Anstandsmittel (6) zwischen
der DOsenplatte (8)   sine piezoelektrische Elementplatte aufweist. und
siner Vibrationsplatte (4) gebildet sind.  40 16. Tintenstrahldruckdopf des
Tropfen aud Abruf-Typs f 7. Tintenstrahldrucddopf des Tropfen auf
Anruf-Typs    gemaB einem der vorhergehenden Ansproche, bei gemaB einem der
Ansproche 1 bis 5, in dem die Tin-  dem die DOsenplatte (136) mit einem
Antrennele- tenreservoire durch Bereitstellung von Ausneh-    ment (176)
versehen ist, welches zwischen benach- mungsbereichen (33e, 33f; 32b, 32c,
32a, 32d) in  46  barten Offnungen der DusenOffnungen (180, 182) der
D~serplatte (33) und/oder einerVibrationsplatte  angeordnet ist, und durch
sin Halteelement (184) (32) gebildet sind.
gehalten ist, um in sinem vorbestimmten Anstand von jeweiligen freien Enden
der piezoelektrischen 8. Tintenstrahidruckkopf des Tropfen auf Anruf-Typs
Elemente (172) angeordnet zu sein. gemaS einem der vorhergehenden
Ansproche, in 50 dem elastisches Material (162) zwischen benach-  17.
Tintenstrahidruckkcpf des Tropfen auf Abruf-Typs barten Elementen der
piezoelektrischen Elements   gemaB einem der vorhergehenden AnsprOche, be!
(160) injiziert ist.                              dem die DOsenplatte (150)
mit mindestens einer Dosenaffnung (152) versehen ist, in einer Anord- 9.
Tintenstrahidruckkopf des Tropfen auf Anruf-Typs ss  nung, um mit
jeweiligen freien Enden der piezoelek- gemaB einem der vorhergehenden
AnsprOche, in      trischen Elements (154) in elastischem Kontakt zu dem
Ausnehmungsbereiche (90; 98; 106) an den      sein. Dosenoffnungen
gegenOber von den freien Enden 1III 1   1111111111  11S 12* c
M S    
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Tintenstrahidruckkopf des Tropfen auf Abruf-Typs  24. Verfahren gemra
Anspruch 23, bei dem die Schritte gemaB einem der AnsprOche 2 bis 17, in
dem das     (a) bis (d) sooft wie nOtig wiederholt werden, urn die
mindestens sine Antrennelement (256) durch sine    Laminierung mit einer
vorbestimmten Anzahl an piezoelektrische Platte dargestellt ist.
Schichten zu erhalten. 5 19. Tintenstrahldruckkopf des Tropfen auf
Abruf-Typs  25. Verfahren gemaBAnspruch 23 oder 24, dasdeswei- gemaB einem
der vorhergehenden AnsprOche, in       teren den Schritt des dem die
Richtung des Schneidens in sinem vorbe- stimmten Winkel von der Richtung
senkrecht zur         (e) Trocknens dar Laminierung Richtung der Anordnung
der Dosenaffnungen liegt. 10 aufweist. 20. Tintenstrahdrucikkopf des
Tropfen auf Abruf-Typs gemaB einem der vorhergehenden AnsprOche, in    26.
Verfahren gemaB einem der Ansprkche 23 bis 25, dem das piezoelektrische
Material und das leitende  das des weiteren den Schritt des Material
parallel zu der Platte laminiert sind.  16 (f Erwarmens oder Brennens der
Lamninierung, 21. Tintenstrahldruckkopf des Tropfen auf Abruf-Typs
wodurch ein plattenartiges Element erhalten gemaB elnem der AnsprOche 1 bis
19, in dem das         wird, piezoelektrische Material und das leitende
Material senkrecht zu der Platte laminiert sind.     20     autweist. 22.
Tintenstrahidruckkopf des Tropfen auf Abruf-Typs  27. Verfahren gemaB einem
der AnsprOche 23 bis 26, gemraB Anspruch 14, in dern die Halteelemente an
das des weiteren den Schritt der beiden Seiten jeweiliger piezoelektrischer
Elemente angeordnet sind.                            25        (g)
Beschichtung von Endbereichen des Ele- ments, wo leitende Schichten
freiliegen, mit 23. Verfahren zur Herstellung von Vibratoren in einem
einem Leitlack urn dadurch Sammelelektroden Tintenstrahidrucwklpf des
Tropfen auf Abruf-Typs       zu bilden, urn dadurch eine piezoelektrische
mit folgenden Schritten:                               Platte zu bilden. 30
(a) Aufbringen einer dOnnen Beschichtung    28. Verfahren gemaB Anspruch
27, das des weiteren eines piezoelektrischen Materials in pastenarti-  den
Schritt des ger Form auf eine Oberflachenplafte, urn somit eine erste
Schicht eines piezoelektrischen         (h) Befestigens der
piezoelektrischen Platte auf Materials zu bilden;                    96
einer Basis durch sin leitndes Bindemittel (b) Bildung einer ersten
leitenden Schicht auf  autweist. der Oberflache der ersten Schicht des
piezo- elektrischen Materials, wobei ein Tell der ersten  29. Verfahren
gemaB Anspruch 28, des des weiteren Schichtdes piezoelektrischen Materials
alsfrei- 40  den Schritt des liegender Bereich bleibt; (i) Schneidens der
piezoelektrischen Platte in (c) Aufbringen einer dOnnen Beschichtung
der Nahe der OberflAche der Basis, urn sie eines piezoelektrischen
Materials auf die ent-     dadurch in vorbestimmten Breften in eine Mehr-
sprechenden Oberflachen der ersten leitenden  45   zahl von Vibratoren zu
teilen, Schicht und des freiliegenden Bereichs der ersten Schicht des
piezoelektrischen Materials,  aufweist. urn somit eine zweite Schicht eines
piezoelek- trischen Materials zu bilden,               30. Verfahren gemraB
einem der AnsprOche 23 bis 29, 50     bei dern es sich bei dem
piezoelektrischen Material (d) Bildung einer zweiten leitenden Schicht auf
um rin Titansaure- oder Zirconiumhydroxid-Lefter- der anderen Oberflache
der zweiten Schicht      systemkeramikverbundmaterial handelt. des
piezoelektrischen Materials entgegenge- setzt zu der Oberflache, an der die
leitende  31. Verfahren gemaB einem der AnsprOche 26 bis 30, Schicht
ausgebildet wurde;              55      bei dem Schritt (ft unter Druck
ausgefohrt wird. wodurch eine Laminierung erhalten wird.         32.
Verfahren gemaB einemn der Ansprache 26 bis 31, be! dem Schritt (f) bei
einer Temperatur in einem Bereich von 1000C bis 1200eC ausgefOhrt wird. 13
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26 33. Verfahren gemaB einem der AnsprOche 26 bis 32,    selon une largeur
pr6d6termin6e est r6alisee pour 



bel dem Schritt (f ungefAhr ine Stunde lang durch-  former plusieurs
parties de d6denchement (270), geft hrt wird.
une premnire extr6miti de celles-cl 6tant fix6e sur une base (282) et leurs
autres extr6mles etant des 34. Verfahren gemaB einem der Ansproche 26 bis
33, 5  extr6mit6s libres agenc6es en opposition auxouver- boW dem es sich
be! dem plattenartigen Element um  tures formant buses (280) et ledit
espace bormant _j    ein Keramikelement handelt.
r6servoird'encreestform6enlrelesditesouvertures formant buses et lesdites
extr6mit6s libres desdites 35. Verfahren gemaB einem der AnsprOche 29 bis
34,   parties de d6clenchement (270). be! dem Schrilt (i) mit einem
Diamantschneider oder tO derglelchen ausgeflOhrt wird.                  4.
Tete d'impression a jet d'encre engendrant une gouttelette sur demands
selon l'une quelconque des Revendlcatlons
revendications prec~dentes, dans laquelle ladite plaque piezo6lectrique est
obtenue par chauffage 1. Tete dimpression a jet d'encre engendrant une  15
Ou combustion d'un stratif de mat6riau pi6zoelec- gouttelette A la demands
comportant:              trique analogue a de la pAte et d'un mat6riau con-
une plaque de buses (8; 43; 266) munie d'un  ducteur empil6s en couches
altern6es, (21, 23, 22; reseau de plusieurs ouvertures formant buses (10,
68,69). 10'; 41, 42; 262; 280); un r6seau de plusileurs 616- ments
piezo6lectriques (12, 12'; 45, 46; 258, 260) 2o 5. T~te d'impression a jet
d'encre engendrant une agences a intervalles r6guliers et fix6s, au niveau
gouttelettesurdemande selon l'unequelconquedes d'une premiere extremite de
ceux-ci, sur une base  revendications pr6ckdentes, comportant en outre
@--'~   (2; 44; 240; 282), les autres extremit6s desdits 616-  une plaque
de vibration (4) entratnee par ledit ments pi6zo6lectriques respectifs (12,
12'; 45, 46;  r6seau d'6l6ments pi6zo6lectriques (12,12'; 45,46; 258, 260)
etant des extremnits libres qui sont on  25  258, 260) et agenc6e entre
ladite plaque do buses opposition aux ouvertures respectives desdites
(8; 43; 266) et ledit r6seau d'6l6ments pi6zo6lectri- ouvertures formant
buses (10, 10'; 41,42; 262; 280),  ques. des parties formant r6servoir
d'encre (6a, 6b) etant form6es entre lesdites ouvertures formant buses  6.
TOte d'impression a jet d'encre engendrant une (10, 10'; 41, 42; 262; 280)
et lesdites extr6mit6s 90  gouttelettesurdemandeselon l'unequelconquedes
libres;                                           revendications
pr6c6dentes, dans laquelle lesdits caracterisee en ce que
r6servoirs d'encre sont form6s en fournissant des lesdits elements
pi6zo6lectriques (12, 12';  parties formant cavites (6a, 6b, 6c) situ6es
dans un 45, 46; 258; 260) sont form6s par d6coupe, selon  dispositif
d'espacement (6) interpos6 entre ladite une largeur pr6d6termin6e, d'une
plaque piezoelec- 35  plaque formant buse (8) et une plaque de vibration
trique (25; 274) obtenue par stratif ication d'au moins  (4). deux couches
de mat6riau piezo6lectrique et d'au moins deux couches de materiau
conducteur empi-    7. Tate d'impression a jet d'encre engendrant une Ibes
en couches de manibre alter6e (21, 23, 22;   gouttelettesurdemandesselon
l'unequelconquedes 68, 69).                                   40
revendications 1 A5, dans laquelle lesdits r6servoirs d'en cre sont formes
en fournissant des parties for- 2. Tite d'impression A jet d'encre
engendrant une     mant cavit6s (33e, 33f; 32b, 32c, 32a, 32d) dans
gouttelette sur demands, selon la revendication 1,  ladite plaque de buses
(33) eVou dana une plaque comportant en outre:
de vibration (32). au moins un premier element de separation  45 (256)
agence de maniere A etre en opposition aux  8. Tate d'impression A jet
d'encre engendrant une extremitds libres respectives desdits elements pie-
gouttelettesurdemande selon l'unequelconquedes zoelectriques (254) alors
qu'un espace (250, 252),  revendications precedentes, dans laquelle le
mate- destin6aformer un r6servoird'encre, estd6fini entre  riau elastique
(162) est injecte entre des el6ments ledit element de separation et
lesdites extr6mit6s so  adjacents desdits elements piezo6lectriques (60).
Iibres, et la plaque de buses (266) est agenc6e de maniere A Otre en
opposition audit espace.     9. Tate d'impression A jet d'encre engendrant
une gouttelettesurdemande selon l'unequelconque des 3. TMte dimpression A
jet d'encre engendrant une     revendications precedentes, dans laquelle
des par- gouttelettesurdemandeselonl'unequelconquedes 65    ties formant
cavit6s (90; 98; 106) sont form6es au revendications prec~dentes,
niveau desdites ouvertures formant buses oppo- dans laquelle la plaque
piezo6lectrique (274)  sess auxdites extr6mites libres des 6l6ments res-
estfixde au niveau d'une surface d'une plaque (272)  pectifs desdits
6l6ments piezoelectriques (88; 96; constitues d'un mat6riau elastique et
ladite decoupe  110). 14                                  I1          I
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a jet d'encre engendrant une   respectives desdits 6l6ments
piezoelectriques gouttelette surdemandeselon l'unequelconquedes    (154).
revendications precedentes, dans laquelle chacun desdits elements
piezoelectriques a une zone   18. Tete d'impression a jet d'encre
engendrant une immobile (76) au niveau du cote base (2; 70).  5
gouttelettesurdemandeselon lIunequelconquedes revendications 2 a 17, dans
laquelle ledit au moins 11. Tete d'impression a jet d'encre engendrant une
un element de separation (256) est constitu6 d'une gouttelette sur demande
selon la revendication 10,  plaque piezoelectrique. dans laquelle ladite
zone immobile a une longueur egale a un quart de la longueur d'onde de
vibration  0o 19. TOte d'impression a jet d'encre engendrant une de
l'elment piezolectrique.                       gouttelette surdemande selon
lunequelconquedes revendications precedentes, dane laquelle la direc- 12.
TMte d'impression a jet d'encre engendrant une   tion de ladite decoupe est
disposAe en bormantd'un goultelette surdemandeselon lunequelconquedes
angle predetermine par rapport a la direction per- revendications
precedentes, comportant en outre  15  pendiculaire Ala direction du r6seau
desdites ouver- une couche en mat6riau viscoelastique (84) interpo-  tures
formant buses. see entre lesdits elements piezowlectriques (82) et ladite
base (80) de maniere A fixer lesdits elements  20. TMte d'impression A jet
d'encre engendrant une piezoelectriques sur ladite base.
gouttelettesurdemandeselon lunequelconquedes 20    revendications
precedentes, dans laquelle ledit 13. Tete dimpression A jet d'encre
engendrant une     materiau piezoelectrique et ledKt materiau conduc-
goutteleltesurdemandeselonl'unequelconquedes      teur sont stratifits
parallelement a ladite plaque N-i       revendications precedentes, dans
laquelle des fen- tea (87) sont formees dans lesdits elements piezoe-  21.
TMte d'impression A jet dencre engendrant une lectriques (86) au niveau du
cote base (85) de ceux- 25  gouttelette sur demande selon lune quelconque
des ci.                                               revendications 1 A
19, dans laquelle ledit materiau piezoelectrique et ledit materiau
conducteur sont 14. Tete d'impression A jet d'encre engendrant une
stratifies perpendiculairement A ladite plaque. gouttelette sur demande
selon lune quelconque des revendications precedentes, dans laquelle ladite
so 22. Tete d'impression a jet d'encre engendrant une plaque de buses est
supportee par un element de   gouttelette sur demande selon la
revendication 14, support de maniere a Otre agencee en opposition   dans
laquelle lesdits elements de support sont auxdites parties d'extremitis
libres desdits ele-  agences sur les deux cotes des blements piezoe- ments
piewedlectriques, un espace predetermine    lectriques respectifs. existant
entre elles.                      35 23. Procede pour former des vibrateurs
dans une tte 15. TOte d'impression a jet d'encre engendrant une
d'impression a jet d'encre engendrant une goutte- gouttelette sur demande
selon la revendication 14,  lette sur demande, comportant les etapes
consis- dans laquelle ledit element de support (146) est  tant A: constitue
dune plaque formant element piezoelec- 40 trique.
(a) appliquer un revetement mince de materiau piezoelectrique sous la formi
dune pate sur 16. TOte d'impression a jet dencre engendrant une        une
plaque de surface pour former ainsi une
goultelettesurdemandeselonl'unequelconquedes         premiere couche de
materiau pizoelectrique; revendications precedentes, dans laquelle ladite
45   (b) former une premibre couche conductrice sur plaque de buses (136)
est munie d'un element de       la surface de la premiere couche de
materiau separation (176) situe entre des ouvertures adja-
piezoelectrique alors quune partie de la pre- centes desdites ouvertures
formant buses (180,        miere couche de materiau piezoelectrique est
182) et eat supportee par un element de support      laissee en tant qua
partie exposee; (184) de maniere A etre agenc~e a une distance pre- 50  (C)
appliquer un revOtement mince d'un mate- determinee des extremites libres
respectives des-    riau piizoelectrique sur les surfaces respecti- dits
elements piezodlectriques (172).                 ves de la premiere couche
conductrice et de la partie exposee de la premiere couche de mate- 17. Tete
d'impression A jet d'encre engendrant une       riau piezoelectrique pour
former ainsi une gouttelett surdemandoselon lunequelconquedes  55
seconde couche de materiau piezoelectrique, revendications precedentes,
dans laquelle ladite     (d) former une seconde couche conductrice sur
plaque de buses (150) eat munie d'au moins une        lautre surface de la
seconds couche de mate- ouverture formant buse (152) agencea de maniere
riau piezoelectrique opposee a la surface sur A Wtre en contact elastique
avec les extremites libres  laquelle la couche conductrice a te formee;    
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stratification.   34. Proc6d6 selon l'une quelconque des revendications 26
A 33, dans loquel l6l6ment analogue a une pla- 24. Proced6 selon la
revendication 23, dens lequel les  que est un 6l6ment en c6ramique. 6lapes
(a) a (d) sont rep6t6es un nombre de fobis necessaire pour obtenir la
stratfication d'un nombre 5  35. Proc6d6 selon l'une quelconque des
revendications predetormin6 de couches.                         29 a 34,
dans loquel l'tape (i) est r6alisee par un dispositif de decoupe a diamant
ou analogue. 25. Proc6de selon la revendication 23 ou 24 comportant en
outre l'tape consistent a 10 (e) s6cher le stratifie. 26. Procdd6 selon
l'une quelconque des revendications 23 A 25 comportant en outre l'etape
consistant A 15 (f) chauffer ou brOler Is stratifie afin d'obtenir ainsi un
6e6ment analogue a une plaque. 27. Proc6de selon l'une quelconque des
revendications 23 & 26 comportant en outre l'etape consistant a   20 (g)
recouvrir les parties de l'element oO les cou- ches oonductrices sont
expose6es par une pein- ture conductrice pour former ainsi des electrodes
collectrices pour former ainsi une 25 plaque pi6zo6lectrique. 28. Proc6de
selon la revendlication 27 comportant en outre I'etape consistent A 30 (h)
fixer la plaque piezo6lectrique sur une base par l'intermediaire d'un
agentde liaison conduc- tour. 29. Procede selon la revendication 28
comportant en 35 outre l'etape consistent a (i) decouper la plaque
piezoeiectrique au voisi- nags de la surface de la base, pour diviser ainsi
cello-cl en largeurs pr6determin6es, en plu- 40 sours vibrateurs. 30.
Proc6de selon l'une quelconque des revendications 23 A 29, dans lequel le
mat6riau piezoelectrique est un mat6riau en c6ramique composite d'un
systeme 45 pb0mb-acide titanique ou plomb-acide zirconique. 31. Proc6d6
selon l'une quelconque des revendications 26 A 30, dens lequel 'etape (f)
est realis6e sous pression.                                 60 32. Proced6
selon l'une quelconque des revendications 26 A 31, dans lequel l'tape (f)
est r6ealis6e A une temp6rature situ6e dens une plage allant de 1 000C A
1200C.                                  55 33. Proced6 selon l'une
quelconque des revendications 26 a 32, dans lequel l'etape (f) est
r6ealis6e pendant environ une hours. 16    


