DESCRIPTION DISCHARGE HEAD AND DISCHARGE DEVICE Technical Field [0001] The
present invention relates to a discharge head favorably used in an apparatus that discharges a liquid,
a substance that includes a liquid and molecules, or the like. Background Art [0002] Japanese
Laid-Open Patent Publication No. 2007-296817 (Document 1) discloses a method of applying a
voltage to a pressure generator constructed By RIpgRoNeZoelectric element that uses PZT (lead
zirconate titanate) or the like, a metal plate and ceramics to generate pressure and thereby cause a
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that “a p y rrvrng voltage being connected. The inner surface
electrode of the cylindrical piezoelectric body is attached to a hollow pipe that
passes through such cylindrical piezoelectric element by adhesive. To avoid an
electrical connection with the cylindrical piezoelectric body, the hollow pipe is
constructed of an insulating material such as glass, an ink tube for supplying
ink from an ink tank or the like is connected to one end of the hollow pipe, and
a discharge outlet for discharging ink droplets is formed at the other end.

[0003]

Research is being carried out into discharging ink and other substances
onto printing paper and alternative materials and mediums using ink jet
technologies developed as printer apparatuses. With a method that uses an
actuator such as a piezo element, since discharging is possible without heating
the liquid, a wide range of applications is anticipated. The substance to be
discharged is not limited to liquid and research is being conducted into a wide
variety of substances including a mixture of liquid and particles (a liquid
substance) that may include an aqueous solution, a solvent, a reagent, a living
(living body) material such as cells or genes, and the like. Accordingly, there is
demand for a discharge head that is compatible with liquids from a low viscosity
to a high viscosity, a discharge head that is compatible with high surface
tension and capable of discharging even pure water, and a discharge head that
is resistant to acids and solvents.

[0004]

Tubular members that include glass tubes, resin tubes, ceramic tubes,

and metal tubes, and in particular glass tubes are commonly used as pipettes
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and the other instruments in experiments and the other jobs that use reagents and are suited to
handling a wide variety of solutions. Accordingly, a Gould-type ink jet head in which a glass tube and a
cylindrical piezoelectric body are combined is one example of a head that can satisfy the above
demands. A method of forming a piezoelectric layer directly on a glass tube by sputtering, screen
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dischacgoidingiye vhietpossiplel tobpravide palstharge head where a part including a
cavity is configured by a tubular member such as a glass tube and is capable of
being driven by a plate-like actuator instead of a cylindrical actuator. This
means that it is possible to provide a discharge head with a tubular member
simply and at low cost by a method such as sticking on a plate-like piezoelectric
element.
[0007]

The cavity where the pressure varies to discharge the liquid substance
from the nozzle opening is a location where it is easy for bubbles to be
produced. Since this discharge head includes a flat portion that is oblate in
shape where the cross-section of the tube path (flow path, conduit) of the
tubular member extends in a first direction, it is possible to form the cross-
section of the flow path of the cavity in an oblate (oval) shape or a similar form
with few or no angles (i.e., is not angulated). Accordingly, it is possible to
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In addition, in this discharge head, the tubular member should preferably include a narrowed part that
Is positioned on an opposite side of the nozzle opening to the cavity. By the narrowed patrt, it becomes
possible to transmit changes in pressure due to variation in the internal volume of the cavity more
efficiently to the nozzle opening and to form the cavity, the narrowed portion and the nozzle opening
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[0010]

A typical tubular member for this discharge head is a glass tube, a resin
tube, a ceramic tube, or a metal tube, and it is possible to provide a discharge
head with the merits of such tubular members at low cost by making a part of a
tubular member match a plate-like first actuator instead of making the form of
an actuator match a tubular member.

[0011]

The tubular member can be formed or molded so as to include a flat
second wall that faces the first wall. A second actuator that is flat and is driven
independently of the first actuator attached to the outside of the first wall may
be attached to the outside of the second wall. Using the first and the second
actuator, it becomes possible to control the pressure inside the nozzle (inside
the discharge head) via the cavity according to more variable conditions.

[0012]

To discharge a liquid substance with high viscosity even more easily, it is
effective to heat the liquid substance inside the discharge head. To do so, it is
preferable to attach a sheet-like heater to the outside of the second wall. Also,
a heater wound in a coil around at least part of the outer surface of the tubular
member may be provided.

[0013]

The flat second wall can also be used as an installation location of a
connecting electrode. In addition, by providing a voltage-applying electrode
that is electrically connected to the connecting electrode and extends to a
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[0015] Another aspect of the present invention is a discharge apparatus including: the discharge
head described above; a first actuator that is plate-like and is attached to the outside of the first wall;
and a driving apparatus that drives the first actuator. With this discharge apparatus, the tubular
member may include a second wall that is flat and faces the first wall, the discharge apparatus may
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electrode that extends to the vicinity of the nozzle opening; and an electrostatic
driving apparatus that applies a voltage to the voltage applying electrode. With
this discharge apparatus, it is preferable for the tubular member to include a
second wall that is flat and faces the first wall, for the discharge apparatus to
further include a connecting electrode that is attached to the outside of the
second wall, for the voltage applying electrode to be electrically connected to
the connecting electrode, and the electrostatic driving apparatus to apply a
voltage to the connecting electrode.

[0017]

This discharge apparatus should preferably also include an attaching
portion to which a vessel storing the liquid substance can be attached; and a
supply path that supplies the liquid substance from the vessel attached to the
attaching portion to the tubular member. According to this discharge
apparatus, since the discharge head is constructed of the tubular member
where bubbles or hindering of the liquid substance rarely occur, it is possible to
provide a favorable discharge apparatus for discharging a variety of liquid
substances, for example, an aqueous or living matter-type liquid substance.
[0018]

Yet another aspect of the present invention is a tubular member
including a flat portion with an oblate shape where a cross-section of a tube
path extends in a first direction and a first wall that is flat and has an actuator
attached to an outside thereof, the flat portion being formed or molded so as to
become a cavity with an internal volume thereof varying due to displacement of
the first wall, wherein a nozzle opening that discharges a liquid substance due
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FIG. 1 shows the overall configuration of a discharge apparatus that is one example of the present
invention. FIG. 2 is a perspective view showing an enlargement of the configuration of a discharge
head. FIG. 3 shows a cross-section in the longitudinal direction of the discharge head. FIG. 4 shows a
different cross-section in the longitudinal direction of the discharge head. FIG. 5 is a cross-sectional
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he on en of the tubular member. In addition, a narrowed part may be
provided on an opposite side of the nozzle opening to the cavity.

BRIEF DESCRIPTION OF THE DRAWINGS
[0019]

FIG. 1 shows the overall configuration of a discharge apparatus that is
one example of the present invention.

FIG. 2 is a perspective view showing an enlargement of the configuration
of a discharge head.

FIG. 3 shows a cross-section in the longitudinal direction of the discharge
head.

FIG. 4 shows a different cross-section in the longitudinal direction of the
discharge head.

FIG. 5 is a cross-sectional view showing an enlargement of the front end
of the discharge head.

FIG. 6 is a cross-sectional view showing a cylindrical part of the
discharge head.

FIG. 7 is a cross-sectional view showing a flat portion of the discharge
head.

FIG. 8 is a cross-sectional view showing a narrow portion of the
discharge head.

FIG. 9 shows a different example of a discharge head and is a cross-
sectional view showing one part of the discharge head extracted to show a
different shape for the flat portion of the discharge head.

FIG. 10 is a cross-sectional view showing yet another example of a
discharge head.

FIG. 11 is a cross-sectional view showing yet another example of a
discharge head.

FIG. 12 is a view showing yet another example of a discharge head.

FIG. 13 is a cross-sectional view showing yet another example of a
discharge head.

FIG. 14 is a cross-sectional view showing yet another example of a
discharge head.

FIG. 15 is a cross-sectional view showing yet another example of a
discharge head.

FIG. 16 is a cross-sectional view showing yet another example of a
discharge head.

FIG. 17 is a cross-sectional view showing a head block.

DETAIL DESCRIPTION OF THE INVENTION
[0020]

FIG. 1 shows the overall arrangement of a discharge apparatus
according to a first embodiment of the present invention. A discharge
apparatus 1 includes a discharge head (head, nozzle head, nozzle head driven
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FIG. 8 is a cross-sectional view showing a narrow portion of the discharge head. FIG. 9 shows a
different example of a discharge head and is a cross-sectional view showing one part of the discharge
head extracted to show a different shape for the flat portion of the discharge head. FIG. 10 is a
cross-sectional view showing yet another example of a discharge head. FIG. 11 is a cross-sectional
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discharge head 10.
[0021]

The discharge head 10 includes the glass tube (tubular member) 20 that
extends in substantially a straight line. A front end part 21 of the glass tube 20
is a nozzle opening 11 and a part (flat part, flat portion, flat compartment) 23
that is configured on a backside of the front end part 21 is a flat (flat-shaped)
cavity (pressure chamber) 13. A tail end (rear end) 29 of the glass tube 20 is
connected via a supply tube 4 to the vessel 5. The tubular member 20
equipped with the flat portion 23 is molded from a single glass tube using an
appropriate method, for example using a mold, and a seamless flow path (tube
path, conduit) from the cavity 13 to the nozzle opening 11 is formed inside the
tubular member 20. Accordingly, the part of the cavity 13 of the glass tube 20
includes a first wall 23a whose outside is flat. The supply tube 4 may be a glass
tube, or may be a flexible silicon tube, a resin tube such as a rubber tube, a
metal tube, or the like.

[0022]

The discharge head 10 includes the plate-like piezoelectric element
(piezo element, actuator) 6 that is attached to or mounted on the outside
surface (outer surface) 23b of the flat first wall 23a of the cavity 13 of the glass
tube 20, and when the internal pressure variation or change of the cavity 13
using the actuator (first actuator) 6 causes discharging of the liquid substance 9
from the nozzle opening 11 that is connected to the cavity 13. The piezoelectric
element 6 is attached to the glass tube 20 together with a thin-film electrode 6e
made of ITO, metal, or the like, expands and contracts on receiving driving
pulses (voltage driving pulses) via the electrode 6e and causes the internal
volume of the cavity 13 to vary. Note that a typical example of the
piezoelectric element 6 is a piezo element, and the piezo element 6 includes
well-known constructions that include electrodes and the like.

[0023]

In this discharge apparatus 1, instructions (signals) from a host device,
such as a personal computer, are received by the driver 2 and the driver 2
drives the first actuator 6 using driving pulses. Using the actuator 6, the first
wall 23a that includes the flat outside surface 23b of the cavity 13 provided in
the glass tube 20 becomes displaced, and since the internal volume of the
cavity 13 varies, the internal pressure of the cavity 13 changes. Due to such
changes in internal pressure, the liquid substance 9 supplied from the vessel 5
is discharged from the nozzle opening 11 provided at the front end 21 of the
glass tube 20.

[0024]
The discharge apparatus 1 according to the present embodiment includes

the vessel 5 attached to an attaching portion 3 of the discharge head 10, and is
suited to discharging and/or dispensing a variety of liquid substances 9 using
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discharge head. FIG. 16 is a cross-sectional view showing yet another example of a discharge head.
FIG. 17 is a cross-sectional view showing a head block. DETAIL DESCRIPTION OF THE INVENTION
[0020] FIG. 1 shows the overall arrangement of a discharge apparatus according to a first
embodiment of the present invention. A discharge apparatus 1 includes a discharge head (head,
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[0026]

From the nozzle opening 11 of the front end to the rear end 29, the glass
tube 20 includes the front end part 21 that gradually narrows toward the nozzle
opening 11 at the front end, a first cylindrical portion 22 that is communicated
with the front end part 21 and has substantially cylindrical cross-section, a first
connecting portion 27 that is communicated with the first cylindrical portion 22
and deforms the first cylindrical portion 22 to the flat part 23 that is flatly
molded with a cross section that is wide in the X direction and narrow in the Y
direction, the flat portion 23 that is communicated with the fist connecting
portion 27 and has flattened into a substantially oblate shape (oval shape) or a
similar shape cross-section, a second connecting portion 28 that is
communicated with the flat portion 23 and connects the flat portion 23 to a
second cylindrical portion 24 whose cross section is cylindrical, a narrowed
portion 25 that is communicated with the second cylindrical portion 24 and the
cylindrically narrowed so as to reduce the cross-sectional area, and a third
cylindrical portion 26 that is communicated with the narrowed portion 25 and
has substantially cylindrical cross-section for connecting to the supply tube 4.
[0027]

The flat part 23 may be formed so as to be flat in other directions, for
example wide in the Y direction and narrow in the X direction. Note that the
expression “oblate shape (oval shape)” in the present specification is a concept
that includes a variety of shapes that exclude angulated shapes (i.e., shapes
with angles) such as a rectangle or a square. The oblate shape includes an oval
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[0023] In this discharge apparatus 1, instructions (signals) from a host device, such as a personal
computer, are received by the driver 2 and the driver 2 drives the first actuator 6 using driving pulses.
Using the actuator 6, the first wall 23a that includes the flat outside surface 23b of the cavity 13
provided in the glass tube 20 becomes displaced, and since the internal volume of the cavity 13 varies,
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[0031]

Since the pressure for discharging the liquid substance 9 from the nozzle

opening 11 fluctuates, the cavity 13 is a location where it is easy for bubbles to

be produced. The flat part 23 is oblate-shaped (oval shaped) with the cross-

section of the flow path (tube path) of the glass tube 20 extending in the first

direction (X direction), and is formed in such oblate (oval) shape so that the

cross-section has few angles or no angles (i.e., is not angulated or substantially

no angles). This means that the cross-section of the flow path (tube path,
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[0028] To describe the respective parts in more detalil, first, the front end part 21 of the glass tube
20 is molded in a shape where the front end of the glass tube 20 narrows to a suitable size as the
nozzle opening 11 as shown in enlargement in FIG. S. A typical internal diameter of the nozzle
opening 11 is 15 to 200pm and the length of the front end part 21 that is tapered toward the front end
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s ev uce the wall 23a to which the first actuator 6 is attached to

around the th!ckness t given above, and thereby cause the wall 23a to function
as a diaphragm that vibrates or is displaced by the actuator 6. By driving the
piezoelectric actuator 6 to vibrate the thin wall 23a, it is possible to cause the
liquid inside the connecting path 12 to be discharged from the nozzle opening
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The wall 23a of the flat portion 23, and in particular the wall (first wall) 23a for attaching the actuator 6
is plate-like and the wall thickness t thereof is preferably around 10 to 500pm and more preferably
around 10 to 300pm. Also, the wall thickness t is more preferably around 50 to 500pm and even more
preferably around 50 to 300pm. It is also preferable for the flat portion 23 to be molded so that the
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tube ﬁqLﬂ83 bstance 9 that is to be discharged from the nozzle opening 11 has been
introduced, suck up the liquid substance 9 a pump (not shown) connected to an
end or the like of the supply tube 4 and after this by driving the piezo element
6, discharge the liquid substance 9 onto a target (not shown) such as a
substrate. In this case, the length of the cylindrical portion 26 for sucking up
and storing the liquid substance 9 is preferably around 5 to 100mm. It is
possible to suck up and discharge a desired amount of the liquid substance 9
without sucking the liquid substance 9 as far as inside the supply tube 4.
[0038]
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The first cylindrical portion 22, the flat portion 23, and the second cylindrical portion 24 are formed by
working (molding) a single glass tube 20. The flat portion 23 is formed in a smooth shape via the first
connecting portion 27 to the first cylindrical portion 22, also the flat portion 23 is molded into a smooth
shape via the second connectlng portion 28 to the second cyllndrlcal portion 24. This means that as
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apparatus 1 equipped with such discharge head 10.

[0041]

Also, in the discharge head 10 it is easy to adjust the volume of the flat
portion 23 that configures the cavity 13 by changing the length of the flat
portion 23 out of the glass tube 20. Accordingly, it is possible to form the
cavity 13 that has a sufficiently large volume for the nozzle opening 11, and
additionally by making the cavity 13 a flattened space, it is possible to attach
(stick or mount) a sufficiently large actuator 6 for the internal maximum width
Wi and length of the cavity 13 onto the outer surface 23b of the wall 23a along
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[0043] In this discharge head 10, since the flat portion 23 is formed at one part of the glass tube
20 and the cavity 13 is configured inside, it is possible to vary the internal pressure of the cavity 13
using the plate-like piezoelectric actuator 6. Accordingly, it is possible to drive the seamless discharge
head 10 that uses the glass tube 20 with a general type and easily obtained piezoelectric actuator 6
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dlscharge head requires a piezoelectric actuator W|th a special constructlon or
shape in keeping with a glass tube, for example, in the discharge head 10, by
molding part of the glass tube 20 in a shape in keeping with a common plate-
like actuator, it becomes possible to use a low-cost piezoelectric actuator 6.
This means it is possible to provide the discharge apparatus 1 that is capable of
stably discharging a wide variety of liquid substances 9 at low cost.

[0044]

Note that the discharge head and the discharge apparatus included in
the present invention are not limited to the above description. FIG. 9 shows a
different example of the discharge head 10. In the discharge head 10 that uses
the glass tube 20 described above, the flat portion 23 is molded in a shape
where the glass tube 20 is pressed from both sides. As shown in FIG. 9, it is
possible to mold the flat portion 23 in a shape where the glass tube 20 is
pressed from one side.

[0045]

The cavity 13 for obtaining pressure variations for discharging the liquid
substance 9 from the nozzle opening 11 is the location where the pressure
applied to the liquid substance 9 varies and bubbles might be easily produced,
but, in this discharge header, by configuring the before and after connecting
paths 12 and 14, include the cavity 13, are formed from the glass tube 20, it is
possible to greatly reduce problems caused by bubbles. Accordingly, in place of
constructing the entire discharge head from the glass tube 20, the nozzle
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In addition, although the discharge head 10 that discharges the liquid substance 9 from a single nozzle
opening 11 using a single glass tube 20 is shown in the above description, there may be a plurality of
nozzle openings 11. In addition, the discharge head and the discharge apparatus are not limited to one
glass tube 20 and may include a plurality of glass tubes. [0049] FIG. 10 shows yet another
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has high viscosity, it is possible to lower the viscosity by raising the temperature to make discharging
easier. Also, with this discharge head 10, it is possible to heat to a predetermined temperature and to
discharge a liquid substance 9 for which heated dispensing is desirable. [0054] FIG. 13 shows yet
another example of a discharge head. In this discharge head 10, an electric heater 61 is attached to
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adhesion of cells or the like. Note that the first piezo element 6 and the second

piezo element 7 may be attached by shifting the position of one of the first wall

23a and the second wall 23c in the longitudinal direction (Z direction).

[0053]

FIG. 12 shows yet another example of a discharge head. In this
discharge head 10, an electric heater 60 is wound in a coil around the outer
surface of the glass tube 20, which makes it possible to heat the liquid
substance 9 inside the glass tube 20. As one example, if the liquid substance 9
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[0059] Although a mechanism for moving an object, such as a pellet, a test tube, a recording
sheet used for testing for example, onto which the liquid substance 9 is discharged and/or a
mechanism for moving the discharge head 10 are not shown in the above description, a discharge
apparatus that includes mechanisms for moving known to those skilled in the art is included in the
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bl t

gheat gafn a@gogbsfr eeag @th% g@ v %1?%3@ w'qe'%rﬂt;t
and I} t d b
cawtf/S Frﬁe?n Iﬁ? ﬁ{%ﬁ%’ﬁgﬁgﬁ %?é ﬁt o??he flfst aallogng eCC; n%sz;e
open| rowded tone end of thet bular memb ran disc ar esallq sybstance chue to
vanatlon in th offRk GRAYNEr QIRMBIS ? Lt] aff t

cylindHiSansige a&c&%@ﬁﬁﬁffc&\%ﬁrﬁn {ﬁ@ﬁ;@@'ﬁ% tf5b§ r%ldltﬁlrf 1ah& Afthe
flat pSRRSarenR Wallic3wiaE & filad, RRTEINS t¥eh Qﬁé'ﬂ%ﬂ&?ﬁ%d?%‘éﬁp%gronsdﬂﬂ%@ge%ﬁﬁr
cylindFledase iR A6 afcthetsreenenwalll Ad¢oiksiahetloifenoasit e diacatiache shestntiRal
portidneaterelsanmhheatthediguidsubsiarcerd insidthealassciibaiRiatHowast.
direcf@Q35 A discharge head comprising: a tubular member according to claim 1. 3. The discharge
head accordifiiG clbéin 2howswiieteianiatimerziexaraptey isfoanetisshasgewegashe eda otitie
tubulgtisobakge hebtk 16claaminetiag@Boyraddaii ds providadwar thembatencauiface
narrox8d paft that isgresiitbnedbr28toppadite fidt qidntionz28 apferting tgldsscauine 20. In
addition, on the outside of the glass tube 20, a voltage applying electrode 72 is
provided from the connecting electrode 71 of the flat portion 23 toward the
opening 11 at the front end 21. The connecting electrode 71 is connected to an
electrostatic driving controller (apparatus) 75 and is capable of applying a
pulsed potential for electrostatic attraction or for electrostatic assisting, to a
position near the nozzle opening 11. By providing a potential difference
between a target (not shown) such as a substrate and the liquid substance 9, it
is possible to discharge the liquid substance 9 from the nozzle opening 11 using
static electricity. The electrostatic driving controller 75 is capable of operating
in combination with the controller 2 for piezo driving. For example, by applying
a potential using the electrostatic driving controller 75 after the meniscus of the
liquid substance 9 has been moved to the nozzle opening 11 by the piezo
element 6, it is possible to discharge the liquid substance 9 by electrostatic
attraction.
[0056]

FIG. 15 shows yet another example of a discharge head. In this
discharge head 10, the nozzle front end 21 and the narrowed portion that forms
the narrow flow path 15 are formed by making the glass tube 20 thicker.
Accordingly, with this discharge head 10, it is possible to reduce the constricting
parts of the glass tube 20 where stresses are likely to be concentrated and
thereby suppress breakage. In addition, the inside of the rear end 29 is
chamfered in a taper and formed in a shape that makes it hard for uneven like
a step to be produced when the supply tube 4 is connected. Accordingly, in the
discharge head 10, including the part connected to the supply tube 4, the
production of bubbles can be suppressed and blockages of the liquid substance
9 can be suppressed.

[0057]

FIG. 16 shows yet another example of a discharge head. This discharge
head 10 includes the cylindrical portion 22 that connects the nozzle front end 21
and the flat portion 23 and is bent by 45 degrees so that the nozzle opening 11
points in a direction that differs by substantially 45 degrees to the direction of
the center axis of the glass tube 20. Accordingly, it is possible to discharge the
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5. The discharge head according to claim 2, wherein the tubular member is a glass tube, a resin

tube, a ceramic tube, or a metal tube. 6. The discharge head according to claim 2, further
comprising a first actuator that is plate-like and is attached to the outside of the first wall. 7. The
discharge head according to claim 6, wherein the tubular member includes a second wall that is
ot 2 RGeSt ﬂa%at) fmd &'tﬁcta RUBA{UIRE cspdres Recsoni actiateid
P e CHeL Y |8HO§ 8"‘88 8 |8 ‘?:'F\ %‘leﬂ‘? H‘%f-"ﬁ%é‘c -
e |s ar hea d| 0 c a|m s d u AIME II that
is fIat ﬁ ' FESSWE fidha herc B% a at is
attacfr& I8F't sgggngé B3t %eag]sélqeg ea%a%PQCCM o cIa|m ? ﬁg
compt %l H’ﬁ‘éﬁté'ﬁv? BRHRESiFEGHP Rt least part of an outer surface of the tubular member.

FIG 17 shows one example of a head block 80 equipped with a plurality
of the discharge heads 10. The head block 80 includes a nozzle tube fixture 81
for fixing the front ends 21 of the plurality of discharge heads 10 in
predetermined positions or a predetermined arrangement. The respective
cylindrical portions 22 of the plurality of discharge heads 10 are bent at an
appropriate angle so that it is possible to dispose the plurality of nozzle
openings 11 concentrated into a narrow area. On the other hand, the drawing
shows that the piezo elements 6 of the respective discharge heads 10 are
arranged so as to be spread out, thereby facilitating wiring, and it is possible to
construct a multi-nozzle-type discharge head from the discharge heads 10 that
use the glass tubes 20. The plurality of nozzle openings 11 may be fixed, not
limited using the plate-like fixture, using some joining member that joins the
front end parts 21 of the glass tubes 20 or by fixing using adhesive.

[0059]

Although a mechanism for moving an object, such as a pellet, a test
tube, a recording sheet used for testing for example, onto which the liquid
substance 9 is discharged and/or a mechanism for moving the discharge head
10 are not shown in the above description, a discharge apparatus that includes
mechanisms for moving known to those skilled in the art is included in the
range of the present invention.
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10. The discharge head according to claim 6, wherein the tubular member includes a second wall
that is flat and faces the first wall, and the discharge head further comprises: a connecting
electrode that is attached to an outside of the second wall; and a voltage applying electrode that is
electrically connected to the connecting electrode and extends to a vicinity of the nozzle opening. 11.
The discharge head according to claim 6, Thesipelar member includes a first tube portion that is
bent and positioned between the nozzle opening and the cavity. 12. A head block comprising a

plurality qlf dlSCh&K%B%ﬂ’lgﬁ ﬁg@ﬂ{ﬁl@gé@ 3 The head block according to claim 12,
E”é‘iiﬂﬂeat 'e"ﬁvt Chi nngi%W'Wﬂ HC%B Qe‘é Eﬂ% ?M‘@ a 'féFcSBQeé%%fEBH tB?‘%StB%'E and
discharg é)(t—:' d ccor |n? oclefliri%éggla%gE fgrst 9% lel Hact and |s F&ﬂg ngﬂge outside
of the fII’S w g larm mber béing fétm a por iBRCiRcTUg&e a
ﬁ ag is flat and conﬂgured SO that an actuator is attached to an

out5|de thereof and the flat portion becomes a cavity with an internal
volume thereof varying due to displacement of the first wall; and

a nozzle opening that is provided at one end of the tubular
member and discharges a liquid substance due to variation in the internal
volume of the cavity,

wherein the tubular member includes a first cylindrical portion and
a second cylindrical portion in the tube path positioned in front and
behind the flat portion, the flat portion widens further outside than the
first cylindrical portion and the second cylindrical portion in the first
direction, and narrows to become further inside than the first cylindrical
portion and the second cylindrical portion in a second direction that is
perpendicular to the first direction.

2. A discharge head comprising:
a tubular member according to claim 1.

3. The discharge head according to claim 2,
wherein the nozzle opening is formed by narrowing one end of the
tubular member.

4, The discharge head according to claim 2,
the tubular member includes a narrowed part that is positioned on
an opposite side of the nozzle opening to the cavity.

5. The discharge head according to claim 2,
wherein the tubular member is a glass tube, a resin tube, a
ceramic tube, or a metal tube.

6. The discharge head according to claim 2,
further comprising a first actuator that is plate-like and is attached
to the outside of the first wall.

7. The discharge head according to claim 6,

wherein the tubular member includes a second wall that is flat and
faces the first wall, and

the discharge head further comprises a second actuator that is
plate-like, attached to an outside of the second wall, and driven
independently of the first actuator.
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a driving apparatus that drives the first actuator. 15. The discharge apparatus according to claim 14,
wherein the tubular member includes a second wall that is flat and faces the first wall, the
discharge apparatus further comprises a second actuator that is plate-like and is attached to an
outside of the second wall, and the driving apparatus drives the first actuator and the second

actuator pdepengtpatiyisthalge Hechpe-aramagivs a¢savipg to claim 14, further comprising a

voltage applying glaelrare thal extRnas thEmBSINC snozzde oRaNingi Akt is ARElgRkostatic

dnvmg.a[?ge %gwﬁli,gpw%,aé@gage to the voltage applylng electrode. 17. The d!scharge apparatus

according t0 ClaifL5,4js  JURGIEEIR, et drepierjpdades ??SEQI\W‘%""\H P ffaLanafaces

the first \%ﬂaﬁh e H”I?o 5 %&5% i 88%}‘%’1’8 er ci(wéq[lses a cornecting electrode that Is attached to
ide orthe's i '

the outs econd wall, wherein the vo
the connggtmg el?ﬁterogies’c%%q*ge head according to claim 6,
further comprising a heater wound in a coil around at least part of

an outer surface of the tubular member.

tage applying electrode is electrically connected to

10. The discharge head according to claim 6,

wherein the tubular member includes a second wall that is flat and
faces the first wall, and

the discharge head further comprises: a connecting electrode that
is attached to an outside of the second wall; and

a voltage applying electrode that is electrically connected to the
connecting electrode and extends to a vicinity of the nozzle opening.

11. The discharge head according to claim 6,
The tubular member includes a first tube portion that is bent and
positioned between the nozzle opening and the cavity.

12. A head block comprising a plurality of discharge heads according to
claim 6.

13. The head block according to claim 12,

wherein at least one of the plurality of discharge heads includes a
first tube portion that is bent and positioned between the nozzle opening
and the cavity.

14. A discharge apparatus comprising:

a discharge head according to claim 2;

a first actuator that is plate-like and is attached to the outside of
the first wall; and

a driving apparatus that drives the first actuator.

15. The discharge apparatus according to claim 14,

wherein the tubular member includes a second wall that is flat and
faces the first wall,

the discharge apparatus further comprises a second actuator that
is plate-like and is attached to an outside of the second wall, and

the driving apparatus drives the first actuator and the second
actuator independently.
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the electrostatic driving apparatus applies a voltage to the connecting electrode. 18. The discharge
apparatus according to claim 14, further comprising: an attaching portion for attaching a vessel storing
the liquid substance is attached; and a supply path that supplies the liquid substance from the
vessel attached to the attaching portion to the tubular member.

16. The discharge apparatus according to claim 14,

further comprising a voltage applying electrode that extends to the
vicinity of the nozzle opening; and

an electrostatic driving apparatus that applies a voltage to the
voltage applying electrode.

17. The discharge apparatus according to claim 16,

wherein the tubular member includes a second wall that is flat and
faces the first wall,

the discharge apparatus further comprises a connecting electrode
that is attached to the outside of the second wall,

wherein the voltage applying electrode is electrically connected to
the connecting electrode, and

the electrostatic driving apparatus applies a voltage to the
connecting electrode.

18. The discharge apparatus according to claim 14, further comprising:
an attaching portion for attaching a vessel storing the liquid
substance is attached; and
a supply path that supplies the liquid substance from the vessel
attached to the attaching portion to the tubular member.
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