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Description

[0001] This invention relates to ejecting drops.

Background

[0002] Ink jet printers are one type of apparatus for
depositing drops on a substrate. Ink jet printers typically
include an ink path from an ink supply to a nozzle path.
The nozzle path terminates in a nozzle opening from
which ink drops are ejected. Ink drop ejection is typically
controlled by pressurizing ink in the ink path with an ac-
tuator, which may be, for example, a piezoelectric de-
flector, a thermal bubble jet generator, or an electrostat-
ically deflected element. A typical print assembly has an
array of ink paths with corresponding nozzle openings
and associated actuators. Drop ejection from each noz-
zle opening can be independently controlled. In a drop-
on-demand print assembly, each actuator is fired to se-
lectively eject a drop at a specific pixel location of an
image as the print assembly and a printing substrate are
moved relative to one another. In high performance print
assemblies, the nozzle openings typically have a diam-
eter of 50 microns or less, e.g. around 25 microns, are
separated at a pitch of 100-300 nozzles/inch, have a res-
olution of 100 to 3000 dpi or more, and provide drops
with a volume of about 1 to 120 picoliters (pl) or less.
Drop ejection frequency is typically 10 kHz or more.
[0003] Hoisington et al. U.S. Patent No. 5,265,315, de-
scribes a print assembly that has a semiconductor body
and a piezoelectric actuator. The body is made of silicon,
which is etched to define ink chambers. Nozzle openings
are defined by a separate nozzle plate, which is attached
to the silicon body. The piezoelectric actuator has a layer
of piezoelectric material, which changes geometry, or
bends, in response to an applied voltage. The bending
of the piezoelectic layer pressurizes ink in a pumping
chamber located along the ink path. Piezoelectric ink-jet
print assemblies are also described in Fishbeck et al.
U.S. Patent No. 4,825,227, Hine U.S. Patent No.
4,937,598, Moynihan et al. U.S. Patent No. 5,659,346
and Hoisington U.S. Patent No. 5,757,391.
[0004] Courian et al. International Patent Publication
WO 01/17782 discloses designs and methods of manu-
facture of ink jet printheads capable of providing ink-drop-
let-tail-break-off control and preventing meniscus over-
shoot in order to overcome the puddling, pen direction-
ality and ruffle problems associated with thermal ink-jet
printing. Each nozzles opening of the printhead is ar-
ranged within a counter-bore portion of the nozzle plate
which can also be deep enough to hold the ink meniscus.
[0005] Takahashi et al. U.S. patent 5,451,993 related
to a structure for an ink jet head wherein a hollow portion
is formed in the head end face to communicate with the
nozzle opening and to have a larger diameter than the
nozzle. As a result the ink droplets can always be ejected
in a correct direction by suppressing the fluctuation of
their flowing direction, which might otherwise be caused

by the breakage in the periphery of the opening in the
head end face or by the ooze of the ink.
[0006] Sasaki et al. European Patent Application EP
1 447 221 A1 discloses a liquid jet head including an
ejection outlet forming member. A restrictor portion is pro-
vided at a recessed portion of the ejection outlet, wherein
the recessed portion is recessed from a plane in which
the ejection outlet is formed. The liquid forms a meniscus
and is retained in the ejection outlet such that the restric-
tor portion is within the liquid. Thereby a very small
amount of liquid can be ejected, since not all of the liquid
in the recess portion in the ejection outlet is ejected.

Summary

[0007] In an aspect, the invention features fluid drop
ejection. A printhead is provided that includes a flow path
in which fluid is pressurized to eject drops from a nozzle
opening. The nozzle opening is disposed in a well. Fluid
is supplied to the well from the nozzle opening to form a
meniscus. The meniscus defines a fluid depth above the
edge of the nozzle opening equal to about 1 to 15% of
the nozzle opening width with the well filled with fluid.
The meniscus is formed by controlling the pressure at
the meniscus.
[0008] In another aspect, the invention features a print-
head with a flow path in which fluid is pressurized to eject
drops from a nozzle opening. The nozzle opening is dis-
posed in a well. The ratio of the cross-section of the well
to the cross-section of the nozzle opening is about 1.4
to about 2.75. In embodiments, the ratio of the well depth
to the cross-section of the nozzle opening is about 0.15
to 0.5.
[0009] In another aspect, a printhead includes a fluid
flow path in which fluid is pressured to eject drops from
a nozzle opening. The nozzle opening is disposed in a
well. The well has a relatively long axis and a short axis.
[0010] Other aspects or embodiments may include
combinations of the features in the aspects above and/or
one or more of the following. Forming the meniscus is
performed by reducing the pressure in the fluid. A vacuum
is applied at a location upstream of the nozzle opening.
The vacuum at the nozzle opening is from about 0.5 to
about 10 inwg (vacuum pressures herein are in inches
of water gauge (inwg)).
[0011] The ratio of the well width to the nozzle opening
width is from about 1.4 to about 2.8. The well has a depth
of about 0.15 to 0.5 of the nozzle opening. The spacing
between well perimeter and nozzle perimeter is from
about 0.2 or more of the nozzle width. The fluid has a
surface tension of about 20-45 dynes/cm. The nozzle
opening and the well is defined by a common body. The
nozzle opening and/or the well is, for example, defined
in a silicon material. The nozzle opening and/or the well
may also be defined in metal, carbon or plastic.
[0012] The fluid is pressurized by a piezoelectric ele-
ment. The nozzle opening has a width is about 70 micron
or less. The method includes a plurality of nozzle open-
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ings and the nozzle openings may have a pitch of about
25 nozzles/inch or more. The method may include eject-
ing drops having a volume of about 1 to about 70 pL.
[0013] Embodiments may include one or more of the
following advantages. Printhead operation is robust and
reliable since waste ink about the face of the nozzle plate
is controlled to reduce interference with drop formation
and ejection. Drop velocity and trajectory straightness is
maintained in high performance printheads in which large
arrays of small nozzles must accurately eject ink to pre-
cise locations on a substrate. The well structure controls
waste ink and permits desirable jetting characteristics
with a variety of jetting fluids, such as inks with varying
viscosity or surface tension characteristics, and heads
with varying pressure characteristics at the nozzle open-
ings. The well structure itself is robust, does not require
moving components, and can be implemented by etch-
ing, e.g., in a semiconductor material such as a silicon
material.
[0014] Still further aspects, features, and advantages
follow. For example, particular aspects include well di-
mensions and characteristics discussed below.

Description of Drawings

[0015]

FIG. 1 is a schematic of a drop ejection assembly.
FIG. 1A is a perspective view of a nozzle plate.
FIG. 1B is an enlarged cross section through a nozzle
opening in a nozzle plate.
FIG. 2-2C are cross-sections through a nozzle open-
ing in nozzle plates illustrating a meniscus under var-
ying conditions.
FIG. 3 is a perspective view of a nozzle well.

[0016] Like reference symbols in the various drawings
indicate like elements.

Detailed Description

[0017] Referring to Fig. 1, an ink jet apparatus 10 in-
cludes a reservoir 11 containing a supply of ink 12 and
a passage 13 leading from the reservoir 11 to a pressure
chamber 14. An actuator 15, e.g., a piezoelectric trans-
ducer, covers the pressure chamber 14. The actuator is
operable to force ink from the pressure chamber 14
through a passage 16 leading to a nozzle opening 17 in
an nozzle plate 18, causing a drop of ink 19 to be ejected
from the nozzle 17 toward a substrate 20. During oper-
ation, the ink jet apparatus 10 and the substrate 20 can
be moved relative to one another. For example, the sub-
strate can be a continuous web that is moved between
rolls 22 and 23. By selective ejection of drops from an
array of nozzles 17 in nozzle plate 18, a desired image
is produced on substrate 20.
[0018] The ink jet apparatus also controls the operating
pressure at the ink meniscus proximate the nozzle open-

ings when the system is not ejecting drops. In the em-
bodiment illustrated, pressure control is provided by a
vacuum source 30 such as a mechanical pump that ap-
plies a vacuum to the head space 9 over the ink 12 in
the reservoir 11. The vacuum is communicated through
the ink to the nozzle opening 17 to prevent ink from weep-
ing through the nozzle opening by force of gravity. A con-
troller 32, e.g. a computer controller, monitors the vacu-
um over the ink in the reservoir 11 and adjusts the source
30 to maintain a desired vacuum in the reservoir. In other
embodiments, a vacuum source is provided by arranging
the ink reservoir below the nozzle openings to create a
vacuum proximate the nozzle openings. An ink level
monitor detects the level of ink, which falls as ink is con-
sumed during a printing operation and thus increases the
vacuum at the nozzles. A controller monitors the ink level
and refills the reservoir from a bulk container when ink
falls below a desired level to maintain vacuum within a
desired operation range. In other embodiments, in which
the reservoir is located far enough below the nozzles that
the vacuum of the meniscus overcomes the capillary
force in the nozzle, the ink can be pressurized to maintain
a meniscus proximate the nozzle openings. In embodi-
ments, the operating vacuum is maintained at about 0.5
to about 10 inwg.
[0019] During ink jetting, ink may collect on the nozzle
plate 18. Over time, the ink can form puddles which cause
printing errors. For example, puddles near the edge of a
nozzle opening can effect the trajectory, velocity or vol-
ume of the ejected drops. Also, a puddle could become
large enough so that it drips onto printing substrate 20
causing an extraneous mark. The puddle could also pro-
trude far enough off the nozzle plate 18 surface that the
printing substrate 20 comes into contact with it, causing
a smear on the printing substrate 20.
[0020] Referring as well to FIG. 1A, the nozzle plate
18 includes an array of closely spaced nozzle openings
17 and each nozzle opening 17 is located in a well 40.
Referring as well to FIG. 1B, in the embodiment illustrat-
ed, the nozzle opening 17 is defined in and centered on
the floor 42 of the well 40. The floor 42 of the well extends
to the wall 44 of the well, which projects outwardly to the
face 46 of the nozzle plate.
[0021] The dimensions of the well, including its width,
Ww, its depth, dw, and the spacing, S, of the well wall
from the perimeter of the nozzle opening are selected to
control waste ink. When ink 50 is disposed in the well, a
meniscus 52 is formed. Under the conditions of the op-
erating pressure (arrow 54), the meniscus has a depthat
the edge of the nozzle opening, dm, that is small com-
pared to the nozzle width Wn. The predictable shape of
the meniscus provides reliable jetting. The shallow depth
of the meniscus provides jetting without substantially af-
fecting the drop direction or velocity. In addition, the spac-
ing, S, is selected to reduce the likelihood that waste ink
on the face 46 of the nozzle plate 18 will influence drop
formation or ejection.
[0022] Referring to FIGS. 2-2C, the effect on the me-
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niscus is illustrated as the well width, Ww, increases and
the operating pressure varies. The meniscus, labeled
MH, Ml and ML, is represented at high, intermediate, and
low vacuum pressure, respectively. The depth of the me-
niscus over the nozzle openings decreases as the well
width increases. Referring particularly to FIG. 2, the me-
niscus is over the nozzle opening at all pressures. At high
vacuum pressure, the meniscus depth is relatively shal-
low, which is typically desirable for jetting. At low vacuum,
the meniscus depth is greater, which can result in non-
optimal jetting. In this case, the depth of the well can be
decreased to reduce the meniscus depth. Referring to
FIG. 2A, the meniscus is at a selected depth at high and
intermediate pressures and non-optimally deep at low
pressure. Referring to FIG. 2B, the meniscus is at a de-
sirable operating depth at intermediate pressure, non-
optimally deep at low pressure, and non-optimally shal-
low at high pressure. At high vacuum pressure, the me-
niscus does not form over the nozzle opening. Most of
the ink is drawn into the nozzle opening, while some
waste ink is retained in the well. Referring to FIG. 2C,
the meniscus does not form over the nozzle opening at
any operating pressure. Fluid collects in the corner be-
tween the well floor and wall and extends to the perimeter
of the nozzle opening. This condition is non-optimal since
fluid at the perimeter of the nozzle opening can effect
jetting. In FIGS. 2-2C, the curvature (radius, R) of the
meniscus is calculated by R = 2* surface tension/pres-
sure. The meniscus fluid has a surface tension of 30
dynes/cm and the operating vacuum pressure is 2, 4,
and 6 inwg. The dimensions are in mm.
[0023] The spacing, S, between the well wall and the
perimeter of the nozzle provides a distance that reduces
the likelihood that waste ink on the nozzle plate face will
affect jetting. In embodiments, spacing, S, is about 20%
or more, e.g. 25 to 100% of the nozzle width, Wn. The
dimensions of the well also provide a desirable meniscus
depth over the nozzle openings. In embodiments, the
well provides a meniscus depth over the edge of the noz-
zle opening of about 1 to 15% of the nozzle width when
the well is full of fluid of a given surface tension and the
nozzle is within a given operating pressure. (The well is
full of fluid when there is sufficient fluid to substantially
cover the wall of the well.) In embodiments, the meniscus
depth, measured at the edge of the nozzle is about 1 to
25% of the nozzle opening. In embodiments, the desired
meniscus depth is maintained over a desired range of
operating pressures. In embodiments, the operating
pressure is about - 0.5 to -10 inwg, e.g. about -2 to -4 or
-6 inwg. In embodiments, the fluid has a surface tension
of about 20 to 40 dynes/cm. The ratio of the well width
to the nozzle width is about 1.4 to about 2.8, e.g. about
1.5 to about 1.7. The well depth is about 0.15 to 0.5 of
the nozzle opening width. The well dimensions can also
be selected to define a volume needed to accommodate
a certain volume of waste ink. For noncircular nozzle
openings and/or wells, e.g. asymmetric or irregular ge-
ometries, well and nozzle widths are measured at the

minimum values. For wells having varying depths, the
well depth is measured between the nozzle opening and
the face of the nozzle plate. In embodiments, the nozzles
width is about 200 micron or less, e.g. about 10 to 30
micron, the nozzle pitch is about 100 nozzles/inch or
more, e.g., 300 nozzles/inch, and the drop volume is
about 1 to 70 pL. In embodiments, the fluid has a viscosity
of about 1 centipoise to about 40 centipoise.
[0024] Referring to FIG 3 in an embodiment, a nozzle
plate 70 includes a nozzle opening 72 which is circular,
and a well 74, which is an oval. The major axis, AL, of
the oval is arranged along a direction (arrow 76) in which
the nozzle face can be wiped or washed in a manual or
mechanical cleaning operation. The oval well collects de-
bris along the length of its major axis AL at locations re-
mote from the nozzle opening, which reduces the likeli-
hood of obstructing the nozzle opening with debris car-
ried into the well during cleaning. In an embodiment, the
length of the well along the major axis is about 300 to
600 micron, while the width of the well across the minor
axis is about 50 - 70 microns. In other embodiments, the
nozzle openings have non-circular geometries that
match or do not match the geometry of the well. In addi-
tion, the nozzle opening can be offset from the center of
the well. In embodiments, the well depth can vary be-
tween the nozzle opening and the location in which the
perimeter of the well meets the nozzle plate.
[0025] The well and/or the nozzle opening can be
formed by machining, laser ablation, or chemical or plas-
ma etching. The well can also be formed by molding, e.g.
a plastic element. The well and nozzle opening can be
formed in a common body or in separate bodies that are
assembled. For example, the nozzle opening is formed
in a body that defines other components of an ink flow
path and the well is formed in a separate body which is
assembled to the body defining the nozzle opening. In
other embodiments, the well, nozzle opening, and pres-
sure chamber are formed in a common body. The body
can be a metal, carbon or an etchable material such as
silicon material, e.g. silicon or silicon dioxide. Forming
printhead components using etching techniques is fur-
ther described in U.S.Serial No. 10/189,947, filed July 3,
2002, and U.S. Serial No. 60/510,459, filed October 10,
2003, the entire contents of each are hereby incorporated
by reference. In embodiments, the well can include a
non-wetting coating.
[0026] Still further embodiments follow. For example,
while ink can be jetted in a printing operation, the print-
head system can be utilized to eject fluids other than ink.
For example, the deposited droplets may be a UV or other
radiation curable material or other material, for example,
chemical or biological fluids, capable of being delivered
as drops. For example, the apparatus described could
be part of a precision dispensing system. The actuator
can be an electromechanical or thermal actuator. The
well arrangements can be used in combination with other
waste fluid control features such as apertures described
in U.S. Serial No. 10/749,829, filed December 30, 2003 ,
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projections as described in U.S. Serial No. 10/749,816,
filed December 30, 2003 and/or channels as described
in U.S. Serial No. 10/749,833, filed December 30, 2003.
For example, a series of projections or a channel can be
included inside the well or on the nozzle face proximate
the well, e.g., surrounding the well. An aperture can be
provided in the well or on the nozzle face. The fluid control
structures can be combined with a manual or automatic
washing and wiping system in which a cleaning fluid is
applied to the nozzle plate and wiped clean. The cleaning
structures can collect cleaning fluid and debris rather
than jetted waste ink.
[0027] Still other embodiments are within the scope of
the following claims.

Claims

1. A method of fluid drop ejection, comprising:

providing a printhead including a fluid flow path
(14, 16) in which fluid is pressurized to eject
drops (19) from a nozzle opening (17), the noz-
zle opening being disposed in a well (40),
supplying fluid (50) to the well from the nozzle
opening to form a meniscus (52),
characterized by
the meniscus defining a fluid depth (dm) above
the edge of the nozzle opening equal to about
1 to 15% of the nozzle opening width (WN) with
the well filled with fluid, the meniscus being
formed by controlling a pressure at the menis-
cus.

2. The method of claim 1, comprising forming the me-
niscus by reducing the pressure in the fluid.

3. The method of claim 2 comprising applying a vacuum
at a location upstream of the nozzle opening.

4. The method of claim 2 wherein the vacuum at the
nozzle opening is about 0.5 to 10 inwg.

5. The method of claim 1 wherein the ratio of the well
width (Ww) to the nozzle opening width is about 1.4
to about 2.8.

6. The method of claim 1 wherein the well has a depth
(dw) of about 0.15 to 0.5 of the nozzle opening.

7. The method of claim 1 wherein the spacing (S) be-
tween well perimeter and nozzle perimeter is about
0.2 or more of the nozzle width.

8. The method of claim 1 wherein the fluid has a surface
tension of about 20-45 dynes/cm.

9. The method of claim 1 wherein the nozzle opening

and the well are defined by a common body.

10. The method of claim 1 wherein the nozzle opening
and/or the well are defined in silicon material.

11. The method of claim 1 wherein the nozzle and/or the
well are defined in a metal.

12. The method of claim 1 wherein the nozzle and/or the
well are defined in carbon.

13. The method of claim 1 wherein the nozzle and/or
well are defined in a plastic.

14. The method of claim 1 wherein the fluid is pressu-
rized by a piezoelectric element.

15. The method of claim 1 wherein the nozzle opening
width is about 70 micron or less.

16. The method of claim 1 including a plurality of nozzle
openings (17), the nozzle openings having a pitch
of about 25 nozzles/inch or more.

17. The method of claim 1 including ejecting drops hav-
ing a volume of about 1 to about 70 pL.

18. The method of claim 1, wherein the fluid has a vis-
cosity of about 1 centipoise to about 40 centipoise.

Patentansprüche

1. Verfahren zum Ausstoß von Flüssigkeitstropfen,
umfassend:

Bereitstellen eines Druckkopfes, der einen Flüs-
sigkeitsflusspfad (14, 16) enthält, in welchem
Flüssigkeit unter Druck gesetzt wird, um Tropfen
(19) aus einer Düsenöffnung (17) auszustoßen,
wobei die Düsenöffnung in einer Vertiefung (40)
angeordnet ist;
Zuführen von Flüssigkeit (50) von der Düsenöff-
nung zu der Vertiefung, um einen Meniskus (52)
auszubilden;
dadurch gekennzeichnet,
dass der Meniskus, wenn die Vertiefung mit
Flüssigkeit gefüllt ist, eine Flüssigkeitstiefe (dm)
oberhalb der Kante der Düsenöffnung definiert,
die etwa gleich 1 bis 15 % der Weite (WN) der
Düsenöffnung beträgt, wobei der Meniskus
durch Steuerung eines Druckes an dem Menis-
kus ausgebildet wird.

2. Verfahren nach Anspruch 1, umfassend die Ausbil-
dung des Meniskus durch Reduktion des Druckes in
der Flüssigkeit.
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3. Verfahren nach Anspruch 2, umfassend die Anwen-
dung eines Vakuums an einer im Bezug auf die Dü-
senöffnung in Flussrichtung aufwärts gelegenen
Stelle.

4. Verfahren nach Anspruch 2, wobei das Vakuum an
der Düsenöffnung etwa 0,5 bis 10 inwg aufweist.

5. Verfahren nach Anspruch 1, wobei das Verhältnis
der Breite der Vertiefung (Ww) zu der Weite der Dü-
senöffnung etwa 1,4 bis etwa 2,8 beträgt.

6. Verfahren nach Anspruch 1, wobei die Vertiefung
eine Tiefe (dw) aufweist, die etwa 0,15 bis 0,5 Dü-
senöffnungen entspricht.

7. Verfahren nach Anspruch 1, wobei der Abstand (S)
zwischen dem Umfang der Vertiefung und dem Um-
fang der Düse etwa 0,2 oder mehr Düsenbreiten ent-
spricht.

8. Verfahren nach Anspruch 1, wobei die Flüssigkeit
eine Oberflächenspannung von etwa 20 bis 45
dyn/cm aufweist.

9. Verfahren nach Anspruch 1, wobei die Düsenöff-
nung und die Vertiefung durch einen gemeinsamen
Körper definiert sind.

10. Verfahren nach Anspruch 1, wobei die Düsenöff-
nung und/oder die Vertiefung in Siliziummaterial de-
finiert sind.

11. Verfahren nach Anspruch 1, wobei die Düse und/
oder die Vertiefung in einem Metall definiert sind.

12. Verfahren nach Anspruch 1, wobei die Düse und/
oder die Vertiefung in Karbon definiert sind.

13. Verfahren nach Anspruch 1, wobei die Düse und/
oder die Vertiefung in einem Kunststoff definiert sind.

14. Verfahren nach Anspruch 1, wobei die Flüssigkeit
durch ein piezoelektrisches Element unter Druck ge-
setzt wird.

15. Verfahren nach Anspruch 1, wobei Weite der Dü-
senöffnung etwa 70 Pm oder weniger beträgt.

16. Verfahren nach Anspruch 1, umfassend eine Mehr-
zahl von Düsenöffnungen (17), wobei die Düsenöff-
nungen eine Beabstandung von etwa 25 Düsen/Inch
oder mehr aufweisen.

17. Verfahren nach Anspruch 1, umfassend den Aus-
stoß von Tropfen, die jeweils ein Volumen von etwa
1 bis etwa 70 pL aufweisen.

18. Verfahren nach Anspruch 1, wobei die Flüssigkeit
eine Viskosität von etwa einem centipoise bis etwa
40 centipoise aufweist.

Revendications

1. Un procédé d’éjection de goutte de fluide, consistant
à :

fournir une tête d’impression comprenant un tra-
jet d’écoulement de fluide (14, 16) dans lequel
du fluide est mis en pression pour éjecter des
gouttes (19) à partir d’une ouverture de buse
(17), l’ouverture de buse étant ménagée dans
une cavité (40),
fournir du fluide (50) à la cavité à partir de
l’ouverture de buse pour former un ménisque
(52),
caractérisé en ce que le ménisque définit, au-
dessus du bord de l’ouverture de buse, une pro-
fondeur de fluide (dm) égale à environ 1 à 15 %
de la largeur d’ouverture de buse (WN) avec la
cavité remplie de fluide, le ménisque étant formé
en jouant sur une pression au niveau du ménis-
que.

2. Le procédé de la revendication 2, consistant à former
le ménisque en réduisant la pression dans le fluide.

3. Le procédé de la revendication 2, consistant à ap-
pliquer une dépression en un point situé en amont
de l’ouverture de buse.

4. Le procédé de la revendication 2, dans lequel la dé-
pression au niveau de l’ouverture de buse est d’en-
viron 0,5 à 10 pouces de colonne d’eau.

5. Le procédé de la revendication 1, dans lequel le rap-
port de la largeur de cavité (Ww) à la largeur d’ouver-
ture de buse est d’environ 1,4 à 2,8.

6. Le procédé de la revendication 1, dans lequel la ca-
vité a une profondeur (dw) d’environ 0,15 à 0,5 de
l’ouverture de buse.

7. Le procédé de la revendication 1, dans lequel l’es-
pacement (S) entre le périmètre de cavité et le pé-
rimètre de buse est égal à environ 0,2 ou plus de la
largeur de buse.

8. Le procédé de la revendication 1, dans lequel le flui-
de a une tension superficielle d’environ 20 à 45 dy-
nes/cm.

9. Le procédé de la revendication 1, dans lequel
l’ouverture de buse et la cavité sont définies par un
corps commun.

9 10 
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10. Le procédé de la revendication 1, dans lequel
l’ouverture de buse et/ou la cavité sont définies dans
du matériau silicium.

11. Le procédé de la revendication 1, dans lequel la buse
et/ou la cavité sont définies dans un métal.

12. Le procédé de la revendication 1, dans lequel la buse
et/ou la cavité sont définies dans du carbone.

13. Le procédé de la revendication 1, dans lequel la buse
et/ou la cavité sont définies dans un plastique.

14. Le procédé de la revendication 1, dans lequel le flui-
de est mis en pression par un élément piézoélectri-
que.

15. Le procédé de la revendication 1, dans lequel la lar-
geur d’ouverture de buse est d’environ 70 microns
ou moins.

16. Le procédé de la revendication 1, comprenant une
pluralité d’ouvertures de buse (17), les ouvertures
de buse présentant un pas d’environ 25 buses/pouce
ou plus.

17. Le procédé de la revendication 1, comprenant l’éjec-
tion de gouttes présentant un volume d’environ 1 à
70pL.

18. Le procédé de la revendication 1, dans lequel le flui-
de présente une viscosité d’environ 40 centipoises.
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