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ejection quantity fluctuation unavoidable, depend- ing on the driving
frequency. The present invention relates to an ink jet re-      The present
invention is intended to remedy ording apparatus for forming an ink image
on a     the above mentioned problems and to realize an medium  such as
recording paper or the like by   5   ink jet head having a high energy
efficiency and ejecting ink droplets onto the medium. More par-     stable
characteristics while providing a good ejec- ticularly, the present
invention relates to the ink jet  tion rate, ejection quantity and ejection
recover head of such an ink jet recording apparatus.         time of the
ink droplets at the same time. An ink jet head according to the prior art
por-      This object Is achieved with an Ink jet head as tion of claim  1
having a substrate in which a   10  claimed. plurality of nozzles are
formed and a piezoelectric     With this solution, when the vibrator is de-
transducer for pressurizing and ejecting ink is dis-  formed and displaced
to eject ink, an ejection pres- closed In US-A-4,072,959. In this prior art
ink jet  sure generation characteristic and a periodic damp- head,
vibrators forming the piezoelectric transducer  ing characteristic
depending on the flow resistance are displaced almost rectangularly to the
nozzle  15  acting on the Ink existing between the nozzle for- forming
substrate so that the ink passage to the     ming substrate and the
vibrator moving part, can nozzles is short and the discharge efficiency and
be controlled independently from each other, thus stability of ink droplets
are high. Further, since the  allowing to realize a head with stable
characteris- ink passages between the nozzles communicate        tics. with
each other at a short distance, bubbles and   20    Embodiments of the
present invention will be foreign matters like dust and the like which may
be  described in detail below with reference to the mixed in the Ink will
not influence the normal op-   drawings, wherein: eration.
Fig. 1 The vibrators, being of a cantilever or center      is a perspective
view of an embodiment of a beam structure, provide a high electromechanical
25   recording apparatus with an ink jet head accord- transducing
efficiency and allow to achieve the        ing to the invention, necessary
vibrator displacement by a low voltage.      Fig. 2 On the other hand,
stable characteristics are     . is a perspective view illustrating the
construction hard to obtain with the aforementioned prior art.      of a
piezoelectric transducer used in a first em- The size of a gap between each
vibrator and the   30   bodiment of the ink jet head according to the
nozzle forming substrate influences characteristics    invention, like the
ejection rate, the ejection quantity and the  Figs. 3(a) and (3b) ejection
recover time. Therefore, in order to obtain   are a front view and a
sectional view, respec- satisfying characteristics, the gap size must be
tively, illustrating the shape of a nozzle forming controlled with a very
small tolerance. To increase   35  substrate of the first embodiment of the
inven- the ejection rate and the ejection quantity of the ink  tion,
droplets it is necessary to keep the gap between       Fig. 4 the nozzle
forming substrate and the vibrator dis-     is a partial sectional view
showing the construc- posed opposite to it within an infinitesimal constant
tion of the ink jet head of the first embodiment range, so as to increase
the pressure of the ink   40  of the invention, existing near to the
nozzles. However, in such         Fig. 5 infinitesimal gap, a great flow
induced resistance     Is a drawing for illustrating the pressure genera-
due to a flow of the ink existing in the gap between   tion mechanism, the
vibrator and the nozzle forming substrate, op-     Figs. 6(a), (b) to Figs.
9(a), (b) poses the vibrator displacement. Also, it is difficult  45  are
drawings showing various alternative shapes to set a proper damping
condition of the vibrators,    of the nozzle forming substrate, and thus,
for example, if the damping is excessive,    Fig. 10 the maximum value of
the ink ejection pressure is      is a sectional view of a second
embodiment of minimized and the time required for reaching the       the
ink jet head of the invention, maximum  ejection pressure becomes long com-
50     Fig. 11 pared to the case of a lower periodic damping with     is a
perspective view illustrating the construction a long time constant, thus
deteriorating the energy    of the piezoelectric transducer of the second
efficiency. Moreover, the feed of the ink necessary    embodiment, for
restoring a nozzle meniscus for the next ink       Fig. 12 ejection is
hindered by the small gap between the  55    is a partial sectional view of
a third embodiment vibrator and the nozzle forming substrate, so that
of the ink jet head of the invention, the time for ink return becomes long
deteriorating     Fig. 13 the recover time and making a phenomenon of an
is a sectional view of a fourth embodiment of the 2 



3                 EP 0 337 429 B1                    4 ink jet head of the
invention,                   metallic plate consisting of an Ni layer is
formed as Fig. 14                                          a common
electrode 26 on the other side of the is a perspective view illustrating
the construction  piezoelectric elements 24. A spacer 27 consisting of the
piezoelectric transducer used in the fourth  of an Ni layer is formed on
the fixed portion 22. embodiment,
Fig. 3(a) is a front view illustrating the shape of Fig. 15
a nozzle forming substrate of the present invention. is a drawing showing
the shape of the vibrator   Fig. 3(b) is a sectional view of the nozzle
forming used for a fifth embodiment of the invention,    portion along line
A-A in Fig. 3(a). The nozzle Fig. 16
forming substrate 30 is made of an Ni thin plate is a partial sectional
view of the fifth embodi-  io  having a plurality of nozzles 31 formed by
elec- ment of the ink jet head of the invention,       troforming. Portions
other than a belt-like portion Figs. 17(a), (b) to Figs. 19(a), (b)
linking neighboring portions of nozzle Inlet open- are drawings showing
various alternative shapes  ings 34 are removed by etching. A level
difference of the vibrator used for the fifth embodiment,   Is thus
provided forming a bed 32 In the neighbor- Figs. 20(a) and (b)
15  hood of the nozzle inlet openings 34 of the nozzle are drawings
representing a sixth embodiment     forming substrate. of the invention,
wherein                           Fig. 4 is a partial sectional view
showing the (a) shows the shape of a nozzle forming       construction of
the ink jet head 9 according to the substrate and
first embodiment of the present invention. The noz- (b) indicates the
relation between the nozzle  20  zle forming substrate 30, the
piezoelectric trans- forming substrate and the vibrator,            ducer
20 and an elastic seat 42 are arranged Figs. 21 (a) and (b)
between a main frame 40 and a subframe 41. The are drawings representing a
seventh embodi-      subframe 41 has an ink reservoir 43 formed therein
ment of the invention, wherein                   and Ink (not indicated) is
fed from the ink reservoir (a) shows the shape of a nozzle forming   25  43
to the nozzles 31. The direction into which the substrate and
piezoelectric element 24 is polarized is such that (b) indicates the
relation between the nozzle  the direction of contraction is orthogonal to
the forming substrate and the vibrator, and        electric, field
established when a voltage is applied Fig. 22
between the common electrode 26 and the signal is a drawing for explaining
a process for manu-  30  electrode 25. Since the Ni thin layer forming the
factoring the nozzle forming substrate of the    common electrode 26 has a
high elastic modulus, sixth embodiment.                                when
an electric field Is applied to the piezoelectric element, a bending moment
is generated toward Example 1                                          the
signal electrode 25 resulting in a corresponding 35  deformation.
Therefore, when a voltage is applied Fig. 1 illustrates one embodiment of a
record-  in standby condition and selectively removed, the ing apparatus
having an ink jet head according to  free end of the vibrator 21 is
deformed and dis- the invention mounted thereon. A recording me-
placed towards the nozzle forming substrate 30 to dium 1 is wound around a
platen 4 under the        eject ink through the nozzle 31. A gap a between
pressure of feed rollers 2 and 3, and is fed in the   40  the vibrator 21
and the nozzle 31 is dimensioned direction indicated by an arrow 5 during
the record-  so as to obtain a better ink ejection characteristic, ing. An
ink jet head 9 is mounted on a carriage 8  and a gap b between the vibrator
21 and the shiftable in the direction of an arrow 10 parallel to  portions
of the substrate 30 other than the bed 32 the platen 4 along guide shafts
6, 7. The ink jet  of the nozzle inlet openings 34 (Fig. 3(a)) is set so
head 9 has a plurality of nozzles (not shown in Fig.  45  as to operate the
vibrator in a proper periodic 1) which can be independently controlled to
eject  damping range in order to achieve a smooth feed ink droplets. The
ink jet head 9 is moved in the   of ink. direction of an arrow 10 while ink
droplets are        With reference to Fig. 5 the pressure genera-
selectively ejected by its nozzles, and thereby an  tion mechanism and
damping mechanism will now Ink image is formed on the recording medium 1.
50  be explained in further detail. As a simple model, Fig. 2 is a
perspective view showing the con-   when two disks approach each other at a
constant struction of a piezoelectric transducer that can be  velocity as
shown in Fig. 5, the pressure built up used in the ink jet head of the
present invention.  between the two disks will be given approximately The
transducer 20 comprises a plurality of vibrators  by the following
equation: 21, separated by cuts 23 from each other, and a   55 fixed
portion 22. Signal electrodes 25 consisting of            [err] 



an Au thin layer are formed on one side of respec-      [err] tive
piezoelectric elements 24 consisting of PZT. A 3    5                 EP 0
337 429 B1                        6 where
flow resistance load will become excessive and a [err]:      fluid
viscosity                        large power will be required for the
displacement. It V:        velocity of one disk relative to the   was found
experimentally that the flow resistance other
load in the second area must be decreased if the P:        pressure
5   ink viscosity is more than[err] and thus a < b is h:        distance
between the disks             preferable. If the ink viscosity is SmPas or
less, it is 2a:       diameter of each disk                  desirable that
an appropriate flow resistance load X and Z   are variables as defined in
Fig. 5    be provided in the second area, and thus a > b will A peak
pressure is generated near the center    be preferable. of the disk and no
pressure is generated at the   10   The first embodiment concerns the
former peripheral edge portion. The value of the pressure  case, where the
Ink viscosity is set to 8mPas, the depends largely on the distance h
between the      vibrator width to 0,3 mm, gap dimension a to 20 disks.
[err] gap dimension b to 40[err]and the dimension Accordingly, in the case
of a beam vibrator as  C of the bed area to 25 mm. in the first embodiment,
it is necessary to control  15  Figs. 6(a), (b) to 9(a), (b) are front
views illus- the gap between the nozzle forming substrate in    trating
various shapes of the nozzle forming sub- the neighborhood of the nozzles
and the vibrator to  strate for the ink jet head according to the inven- an
appropriate value in order to establish a high  tion, and sectional views
along lines B-B, C-C, D-D, pressure at the nozzle portion and obtain an
effi-  E-E, respectively. The shapes shown in Fig. 6 are ient ink ejection.
If this gap is excessively small,  20  intended to enhance the ink feed to
the nozzles the resistance of the ink flow to the nozzles in-  from all
circumferential directions by giving a cir- creases and the ink will not be
fed satisfactorily.  cular shape to the bed 32 of a nearby portion to
Referring to Fig. 4, that means that the dimension a  the inlet opening 34
of each nozzle 31 as com- must be controlled to an appropriate value. The
pared to the belt-like bed 32 shown in Fig. 3(a). gap between the nozzle
forming substrate and the   25  The arrangements shown in Figs. 7 to 9
differ from vibrator (dimension b in Fig. 4) in the area other  that shown
in Fig. 6 in that grooves 33 are provided than the neighborhood of the
nozzles does not      to extend radially from the nozzle center, thereby
influence the pressure generation. If the area where  further enhancing the
ink feed. The bottom of the the gap has the dimension a in Fig. 4 is larger
than   grooves 33 is on the same plane as the remaining necessary, the ink
flow to the nozzles will be af-  30  portions other than the bed 32. In
particular, Figs. 7 fected. Tests have been conducted with various     and
9 are effective in reducing the mutual influence sizes of vibrators and
fluids of different viscosities,  among the nozzles, since grooves 33 are
not pro- and the ink ejection characteristic has been evalu-  vided in
portions of the bed 32 opposing adjacent ated. It was found that the area
of the gap with the  nozzles. dimension a should have a width not greater
than   35  In the construction explained above, the thick- that of the
vibrator. Designating the vibrator width  ness of the spacer 27 and the
height of the bed 32 as B (Fig. 2), if the area of the gap keeping the
will be set appropriately In order to select desired dimension a (this will
be referred to as the first area  gap dimensions a and b. In order that the
vibrators in the following) is expressed by a radius C from   21 are
operated with an appropriate damping, the the nozzle center, then the
relation should be C[err]   40  gap for feeding ink necessary for restoring
a nozzle B/2. The remaining area of the gap (second area)   meniscus after
ejection of ink droplets is deter- other than the first area defined by B/2
does not  mined by the gap dimension b near to the fixed influence the
pressure generation at the nozzle    end of the vibrators. The gap
necessary for ejec- portion. Accordingly, from the viewpoint of ejection
ting ink droplets is determined by the gap dimen- pressure generation, an
efficient ejection may be   45  sion a near to the free end of the
vibrators. By that realized by controlling voids in the neighborhood of  an
efficient ink jet head having high energy effi- the nozzles and also
controlling voids in other    ciency and satisfying various characteristics
such areas independently from each other. The gap in    as ejection rate,
ejection quantity and ejection re- the second area will be set so as to
control the flow  cover time at the same time is obtained. resistance and
mass load acting on the vibrator by   50  As explained above, in this
embodiment a me- the ink flow caused by a displacement of the       tallic
thin plate integrally formed with the piezoelec- vibrator. Thereby, an
appropriate periodic damping  tric element is used as the spacer. However,
a characteristic of the vibrator can be set. If the gap  separate metallic
thin plate may be inserted and 



is larger than an appropriate value, a residual vibra-  fixed between the
nozzle forming substrate and the tion inhibits a high-speed response and
further, a   55  piezoelectric element as the spacer. Further, a can-
plurality of ink droplets are ejected upon a single  tilever beam  type
vibrator has been described. driving signal (displacement of the vibrator).
If the  However, a similar construction is also realizable gap is smaller
than the appropriate value, then the  with a center beam type vibrator. 4
7                 EP 0 337 429 B1                       8 In the embodiment
described above, the area    71, fixed together by means of setscrews 76,
77. of the nozzle inlet opening 34 is wider than that of  The nozzle
forming plate 72 comprises a metallic the outlet opening and thus, the
nozzle is horn-like  thin plate having a plurality of nozzles 78 formed in
section. However, the nozzle shape is not par-  therein. A heater 79 Is
mounted on the rear side of ticularly limited to this specific shape and It
is   5   the subframe 71 and used to heat the ink jet head apparent that
other shapes may be employed for    up to a working temperature and to
dissolve a hot- the nozzle in the invention.                      melt ink
(not shown) filled in an ink reservoir 80 and around the piezoelectric
transducer 74. The ink Example 2
has a solid state at room temperature. 10      Fig. 14 is a perspective
view of the piezoelec- Fig. 10 shows another embodiment of the ink    tric
transducer 74. It comprises a plurality of vibra- jet head using a vibrator
form different from that of  tors 81, separated by cuts and a fixed portion
82. A the previous embodiment. The basic construction   piezoelectric
element 83 consisting of PZT has a is similar to the foregoing embodiment
and thus,  signal electrode 84 consisting of an Au thin layer the following
description will concentrate on the   15  on one side and a common
electrode 85 consisting differences.
of an Ni thin layer on the other side. The piezoelec- In Fig. 10, a
vibrator 52 is disposed opposite to  tric element 83 and the common
electrode 85 are each nozzle 53 through an infinitesimal gap a near  joined
together by means of a solder (having a to its free end. A wiring 55 is
connected to signal  fusing point of 140 C) at a temperature of 160 C
electrodes 54 to selectively apply a voltage to the   20  which is higher
than the aforementioned working vibrators.
temperature. Since the coefficient of linear expan- The construction of the
piezoelectric transducer  sion of Ni constituting the common electrode 85
is 56 is shown in Fig. 11. In this embodiment, dif-  greater than that of
the piezoelectric element 83, a ferent from the embodiment shown in Fig. 2,
each  bending moment of a bimetal effect is generated at vibrator has a gap
controlling layer 57 on a front  25  a working temperature of 110 C, and
thus a dished nose portion.                                     warp with a
curvature[err]is produced on the common electrode side (this condition is
shown in Example 3                                            Fig. 14). The
coefficients of linear expansion of the piezoelectric element and Ni used
in this embodi- Fig. 12 shows a partial sectional view of a third  30
ment are 1.8 x 10[err] and 12.8 x 10[err] re- embodiment of the ink jet
head according to the   spectively. When the span of the cantilever beam
invention. A nozzle forming substrate 60 comprises  Is 3 mm, a dished warp
with a curvature R[err]= 6,0 a metallic thin plate having a plurality of
nozzles 61  [err] and a radius of curvature R = 166.7 mm is formed therein
and a portion around the nozzle    produced by a temperature difference of
50[err] opposite to the free end of a vibrator 62 is formed  35  and a warp
y = 27 [err](Fig. 13) is obtained. In Fig. to be thicker than other
portions. A vibrator 62 is  13, the piezoelectric transducer 74 is tightly
fixed disposed opposite to each nozzle 61 through an    on the nozzle plate
so as to keep the tangent of the infinitesimal gap a near to the free end
of the   fixed end of the vibrator 81 in parallel with the vibrator.
nozzle plate 72. The free end of the vibrator 81 is In this embodiment, a
groove 64 is formed in a   40  disposed opposite to a corresponding nozzle
78 portion of the nozzle forming substrate 60 opposite  through an
infinitesimal gap near the free end, to the neighborhood of a fixed end of
the vibrator  which is produced by the warp. The piezoelectric 62.
Accordingly, the gap b in the neighborhood of  transducer 74 has its fixed
end clamped between the fixed end of the vibrator and the gap a in the  the
main frame 70 and the subframe 71 through neighborhood of the free end of
the vibrator are  45  the spacer 73 and the elastic seat 75. The piezo-
determined by the thickness of a spacer 65 and    electric transducer 74
thus remains flat in this area the depth of the groove 64. Again, the gap b
is   and an internal stress is generated as a conse- determined to obtain a
desired periodic damping of  quence. The vibrator is designed with a
relatively the vibrator 62 and the gap a to obtain the neces-  short fixed
end so that the internal stress does not sary ink ejection.
50  exceed a permissible range, and thereby a damage 



of the vibrator is prevented. Example 4
A wiring 86 is connected to the individual sig- nal electrodes 84 in order
to selectively energize Fig. 13 is a sectional view of the ink jet head
the vibrators. The common electrodes 85 are in- according to a fourth
embodiment of the invention.  55  dependently formed on each vibrator and
elec- A nozzle forming plate 72, a spacer 73, a piezo-  trically connected
with each other by using Ni for electric transducer 74 and an elastic seat
75 are  the spacer 73 and an Al or Zn die casting for the arranged between
a main frame 70 and a subframe   main frame 70. 5    9                 EP 0
337 429 B1                   10 The operation of this embodiment of the
inven-  circumferential directions to the nozzles. tion will be explained
next with reference to Fig. 13.  Fig. 17(a), (b) to Fig. 19(a), (b) are
drawings A hot-melt ink is fed around the nozzles from the  corresponding
to Fig. 15(a), (b) and showing alter- ink reservoir 80. As with the
foregoing embodiment,  native constructions of the vibrators. According to
by applying voltage to the vibrator the nose of the   5   Figs. 17 to 19,
grooves 96 are provided in the vibrator is displaced and ink ejected from
the noz-  circular projection 94 in order to further enhance zle 78.
the ink feed. The grooves 96 extend radially from In the above described
construction, the gap b  the nozzle center and their bottom is on the same
for setting an appropriate periodic damping of the  plane as the portions
other than the projection 94. vibrator 81 is determined by the thickness of
the   10  In particular, the alternatives shown in Figs. 17 and spacer 73.
A warp y is produced on the free end of  19 are not provided with grooves
96 on both sides the vibrator 81 according to the bimetal effect   facing
to adjacent vibrators, thereby to decrease a explained above. Therefore,
the gap a between the  mutual influence between the nozzles. nozzle and the
neighborhood of the free end of the vibrator, necessary for ejecting ink is
secured by   is  Example 6 clamping the fixed end of the vibrator 81 onto
the nozzle forming plate 72 through the spacer 73.       Figs. 20(a) and
(b) are a front view and a Thus, when an electrical signal is impressed on
the  sectional view, respectively, showing the shape of vibrator, it
reaches a final displacement under a  the nozzle forming substrate of a
sixth embodiment periodic damping of a long time constant. There-  20  of
the present invention. This embodiment is suit- fore, the ink ejection
pressure can be maximized  able for a case where the viscosity of the ink
is and the time for arriving at the. maximum ejection  low, and the
relation between the width a of the pressure can be shortened. Further,
even if a     gap in the first area near to the nozzle and the member
having a different coefficient of linear ex-  width b of the gap in the
remaining area is set to a pansion Is provided on the vibrator, since the
work-  25  > b. Since the basic construction is similar to the ing
temperature is controlled by using a hot-melt  foregoing embodiments, no
further description will ink, a fluctuation of the warp according to the
be given here. The nozzle forming substrate 100 Is bimetal effect due a
change of the environmental  manufactured by electroforming and hence is
con- temperature can be prevented.                     structed.generally
with a uniform thickness. 30     As shown in Fig. 22, an electrolyticly
plated Example 5                                         layer 203 is
formed on a master having a conduc- tor pattern 202 formed on an Insulator
201. The Fig. I5(a) shows a portion of a vibrator 90 of  layer 203 is
coated with a resist layer 204 and an the piezoelectric transducer of a
fifth embodiment  electrolyticly plated layer 205 is further formed on of
the invention. Fig. 15(a) shows the side of a   35  portions of the layer
202 exposed through pattern- vibrator portion facing the nozzle forming
substrate.  ing. Thus, after finally removing the resist layer Fig. 15(b)
is a sectional view taken on line F-F in  204, a die having a desired
nozzle hole and a Fig. 15(a). The piezoelectric transducer of this em-
suitable level difference is obtained by electrofor- bodiment comprises a
plurality of vibrators 90 and  ming. An electrolyticly plated layer is
formed on a fixed portion. A signal electrode 92 consisting of  40  the die
and thereafter removed from the die to an Au thin layer is formed on one
side of a piezo-  obtain the stepped nozzle forming substrate shown
electric element 91, and a metallic plate consisting  in Fig. 20. When
assembled, this nozzle forming of an Ni layer and serving as a common
electrode  substrate results in a gap of width a in a first area 93 is
formed on the other side of the piezoelectric  and a gap of width b in the
remaining second area element 91. The metallic plate has on the free end
45  between the nozzle forming substrate and the vi- of the vibrator 90
opposite to a nozzle a thickened  brator. As to the extension of the first
area, refer- portion forming a circular projection 94.         ence is made
to the description of Figs. 3 to 5. 



Fig. 16 is a partial sectional view illustrating the construction of the
ink jet head according to the  Example 7 fifth embodiment of the invention.
The gap a be-  50 tween the projection 94 provided on the vibrator 90
Figs. 21 (a), (b) are a front view and a sectional and a nozzle forming
substrate 95 is sized to     view, similar to Figs. 20(a), (b), showing the
relation enhance the ink droplet ejection characteristic. The  between the
vibrator and the nozzle forming sub- gap b between the portion other than
the projection  strate of a seventh embodiment. In Figs. 21(a), (b) 94 of
the vibrator 90, and the nozzle forming sub-  55  the same reference
numerals as in Figs. 20(a), (b) strate 95 is set independently of the gap a
such  are used. Like the sixth embodiment, the seventh that the vibrator is
operated with an appropriate  embodiment is intended for the case where the
periodic damping and ink is fed smoothly from all  viscosity of the ink is
low. In a circular shaped first    11                EP 0 337 429 B1
12 area of radius c in the neighborhood of the nozzle,    width (B) of said
vibrators (21). the nozzle forming substrate has a recess resulting in a
gap width a which is larger than the gap width  2. The ink jet head
according to claim 1, wherein b in the remaining area of the gap between
the         the width (a) of the gap in said first area is nozzle forming
substrate and the vibrator.     5       smaller than that (b) In the second
area, when As described above, the gap between the noz-       the viscosity
of the ink is more than 5mPas, zle forming substrate and the vibrator is
divided     and that the width (a) of the gap in said first into a first
area near to a nozzle inlet opening of    area is larger than that (b) of
said second area, the nozzle forming substrate and a remaining sec-
when the viscosity of the Ink Is 5mPas or less. ond area. The gap width in
the first area is different  10 from that in the second area. The width a
of the   PatentansprUche gap In the first area has a value necessary for
the ink ejection. The gap width b in the second area   1. Tintenstrahilkopf
far ain Tintenstrahlaufzeich- providing a feed passage for the ink Is
selected so    nungsgerdt mit einem dUsenblidenden Sub- as to allow a quick
restoration of a nozzle meniscus   15  strat (30), in dem eine Vielzahl von
DWsen (31) after ejection of an ink droplet. Thus, the time for
ausgebildet ist, und elnem  piezoelektrischen the ink to be refilled is
controlled to a proper value.  Wandler (20), der eine Vielzahl von
Vibratoren Thereby, the recover time can be shortened while       mit
jeweils wenigsten einem fixierten Ende auf- keeping the ink droplet
ejection rate and the ejec-    weist, welche eaner jeweiligen DUse (31) ge-
tion quantity at desired values. Thus, the present  20  gen0terliegend
angeordnet und unabhdngig invention provides an ink jet head superior in
per-    voneinander ansteuerbar sind, wobel ein mit formance by improving
various characteristics such     Tinte gefOllter Spalt zwischen dem
dUsenbil- as ink droplet ejection rate, ejection quantity, ejec-  denden
Substrat (30) und den Vibratoren (21) tion recover time and ejection
stability and the like  ausgebildet ist und die Breite (a) des Spalts In at
the same time.                             25       ainem  ersten Bereich
nahe den DOsen (31) Further, since the gap width between the vibra-    und
um diese herum verschieden von der Brei- tor and the nozzle forming
substrate in the said       te (b) des Spalts in einem restlichen zweiten
second area can be set to a value allowing the         Bereich ist,
vibrator to operate in an appropriate periodic            dadurch
gekennzelchnet, daB der erste damping range, the energy consumption due to
the   30  Bereich. eine ilAnge von der Position einer viscosity of the ink
existing in the gap between the   DUse (31) in Richtung auf das fixierte
Vibrato- vibrator and the nozzle forming substrate will be      rondo
aufwelst, die der Halfte odor weniger als decreased allowing an operation
at a relatively low    der Hilfte der Breite (b) der Vlbratoren (21) ist.
driving voltage. Since the gap width of the first area and the second area
can be set independently, a   35  2. Tintenstrahlkopf nach Anspruch 1, bel
dem die margin for setting each width will be expanded,        Breite (a)
des Spalts in dem ersten Bereich thereby enhancing the production yield.
kleiner als die (b) in dem zweiten Bereich ist, wenn die Viskositat der
Tinte mehr als 5 mPas Claims
betrAgt, und daB die Breite (a) des Spalts in 40      dem  ersten Bereich
gr8fler als die (b) des 1. An ink jet head for an ink jet recording appara-
zweiten Bereichs ist, wenn die ViskositAt der tus, having a nozzle forming
substrate (30) in     Tinte 5 mPas oder weniger betrigt. which a plurality
of nozzles (31) are formed, and a piezoelectric transducer (20) comprising
Revendicatlons a plurality of vibrators (21), each having at  45 



least one end fixed, disposed opposite to a     1. Une tote a jet d'encre
pour un appareil d'enre- corresponding nozzle (31) and drivable inde-
gistrement A jet d'encre comportant un subs- pendently from  each other, a
gap being            trat de formation de buses (30) dans lequel un formed
between the nozzle forming substrate        ensemble de buses (31) sont
formdes, et un (30) and the vibrators (21) and filled with ink,    50
transducteur pikzo6lectrique (20) comprenant the width (a) of the gap in a
first area near   un ensemble de vibrateurs (20), ayant chacun to and
around said nozzle (31) being different   au rtoins une extremit6 fixe, qui
sont dispos4s from the width (b) of the gap in a remaining       face a une
buse correspondante (31) et qui second area,
peuvent Otre actionnes ind6pendamment les characterized in that
55       uns des autres, un intervaile 6tant form6 entre said first area
has a length from the posi-    le substrat de formation de buses (30) et
les tion of a nozzle (31) toward said fixed vibrator   vibrateurs (21), et
cet intervalle 6tant rompi end, corresponding to half or less than half the
par de l'encre, 7    11                 EP 0 337 429 B1
12                  [err] *  C   L   M  S  * area of radius c in the
neighborhood of the nozzle,     width (B) of said vibrators (21). the
nozzle forming substrate has a recess resulting In a gap width a which is
larger than the gap width  2. The ink jet head according to claim 1,
wherein b in the remaining area of the gap between the          the width
(a) of the gap in said first area is nozzle forming substrate and the
vibrator.      5       smaller than that (b) in the second area, when As
described above, the gap between the noz-         the viscosity of the ink
is more than 5mPas, zle forming substrate and the vibrator is divided
and that the width (a) of the gap in said first into a first area near to a
nozzle inlet opening of     area is larger than that (b) of said second
area, the nozzle forming substrate and a remaining sec-       when the
viscosity of the ink is 5mPas or less. ond area. The gap width in the first
area is different  10 from that in the second area. The width a of the
PatentansprUche gap in the first area has a value necessary for the ink
ejection. The gap width b in the second area    1. Tintenstrahlkopf fOr sin
Tintenstrahlaufzeich- providing a feed passage for the Ink is selected so
nungsgerlt mit elnem  dlsenbildenden Sub- as to allow a quick restoration
of a nozzle meniscus   15  strat (30), in dem eine Vielzahl von D0sen (31)
after ejection of an ink droplet. Thus, the time for    ausgebildet ist,
und einem piezoelektrischen the ink to be refilled is controlled to a
proper value.  Wandler (20), der eine Vlelzahl von Vibratoren Thereby, the
recover time can be shortened while        mit jeweils wenigsten einem
oxierten Ende auf- keeping the ink droplet ejection rate and the ejec-
weist, welche einer jewelligen Dose (31) ge- tion quantity at desired
values. Thus, the present   20  genUberliegend angeordnet und unabhdngig
invention provides an ink jet head superior in per-     voneinander
ansteuerbar sind, wobel emn mit formance by improving various
characteristics such      Tinte gefUllter Spalt zwlschen dem dUsenbil- as
ink droplet ejection rate, ejection quantity,ejec-  denden Substrat (30)
und den Vibratoren (21) tion recover time and ejection stability and the
like   ausgebildet ist und die Breite (a) des Spalts in at the same time.
25      einem  ersten Bereich nahe den DOsen (31) Further, since the gap
width between the vibra-      und um diese herum verschieden von der Brel-
tor and the nozzle forming substrate in the said        to (b) des Spalts
in einem restlichen zwelten second area can be set to a value allowing the
Bereich ist, vibrator to operate in an appropriate periodic
dadurch gekennzelchnet, daB der erste damping range, the energy consumption
due to the   30   Bereich. sine LAnge von der Position einer viscosity of
the ink existing in the gap between the    DUse (31) in Richtung auf das
fixierte Vibrato- vibrator and the nozzle forming substrate will be
rende aufwelst, die der H~lfte oder weniger als decreased allowing an
operation at a relatively low     der HAlfte der Breite (b) der Vibratoren
(21) ist. driving voltage. Since the gap width of the first area and the
second area can be set independently, a   35   2. Tintenstrahlkopf nach
Anspruch 1, bei dem die margin for setting each width will be expanded,
Breite (a) des Spalts in dem ersten Bereich thereby enhancing the
production yield.                 kleiner als die (b) in dem zweiten
Bereich ist, wenn die Viskosit~t der Tinte mehr als 5 mPas Claims
betrAgt, und daB die Breite (a) des Spalts in 40      dem  ersten Bereich
groler als die (b) des 1. An ink jet head for an ink jet recording appara-
zweiten Berelchs ist, wenn die ViskositEt der 



tus, having a nozzle forming substrate (30) in       Tinte 5 mPas odor
weniger betrAgt. which a plurality of nozzles (31) are formed, and a
piezoelectric transducer (20) comprising   Revendications a plurality of
vibrators (21), each having at  45 least one end fixed, disposed opposite
to a      1. Une tote a jet d'encre pour un appareil d'enre- corresponding
nozzle (31) and drivable inde-        gistrement A jet d'encre comportant
un subs- pendently  from  each other, a gap being            trat de
formation de buses (30) dans lequel un formed between the nozzle forming
substrate         ensemble de buses (31) sont forrndes, et un (30) and the
vibrators (21) and filled with ink,    so  transducteur pikzo6lectrique
(20) comprenant the width (a) of the gap in a first area near    un
ensemble de vibrateurs (20), ayant chacun to and around said nozzles (31)
being different    au moins une extremitd fixe, qui sont disposes from the
width (b) of the gap in a remaining        face a une buse correspondante
(31) at qui second area,                                        peuvent
Otre actionnes inddpendamment les characterized in that
55        uns des autres, un intervalle Mtant forms entre said first area
has a length from the posi-     le substrat de formation de buses (30) et
les tion of a nozzle (31) toward said fixed vibrator    vibrateurs (21), et
cet intervalle 6tant rempli end, corresponding to half or less than half
the    par de lencre, 7    13                  EP 0 337 429 B1
14     |        11111I 11111   I *      L   M la largeur (a) de
l'intervalle dans une pre- mibre region proche des buses (31) et entou-
rant ces dernibres, etant diffdrente de la lar- geur (b) de l'intervalle
dans une seconde r4- gion restante,                                5
caracteris6e en ce que la premiare rdglon a une longueur, depuls la
position d'une buse (31),; vers I'extremlitiae ai vibrateur fixe, qui
correspond a la moltie ou a moins de la moitie de la largeur (B) des vibra-
10 teurs (21). 2. La tete a let d'encre selon la revendication 1, dans
laquelle la largeur (a) de l'intervalle dans la premiere region est
Inferieure & la largeur   i5 (b) dans la seconde r~gion, lorsque la
viscosite de l'encre est superieure a 5 mPa.s, et la largeur (a) de
l'intervalle dans la premibre re- glon sst supnrieure a la largeur (b) dans
la >     seconde r~gion lorsque la viscositM de I1encre   20 est inferieure
ou egale a 5 mPa.s. 25 _   30 36 40 45 50 55 8    


