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(57) ABSTRACT

The present invention provides a droplet jetting apparatus
which jets fluid in a droplet shape. The apparatus includes a
main body (100), which has a chamber (110) for containing
fluid. The main body further has at least one nozzle (120)
which communicates with the chamber and jets a droplet onto
a printable matter, and a first electrode (130) which is formed
on the inner surface of at least one selected from between the
nozzle and the chamber by patterning treatment to make
electrical contact with the fluid. The apparatus further
includes a second electrode (140), which is provided between
the nozzle and the printable matter and has a through hole,
through which the droplet is jetted from the nozzle onto the
printable matter, a power supply (200) which supplies a volt-
age applied between the first electrode and the second elec-
trode, and a control unit (300) which controls the power

supply.
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APPARATUS FOR JETTING DROPLET AND
APPARATUS FOR JETTING DROPLET
USING NANOTIP

TECHNICAL FIELD

[0001] The present invention relates, in general, to appara-
tuses for jetting droplets and apparatuses for jetting droplets
using nanotips and, more particularly, to a droplet jetting
apparatus which applies an electric field (electrostatic field)
to the surface of fluid discharged from a nozzle, thus finely
and efficiently jetting the fluid in a droplet shape, and a
droplet jetting apparatus using a nanotip which applies an
electric field (electrostatic field) to the surface of fluid dis-
charged from a pointed end of the nanotip, thus finely and
efficiently jetting the fluid in a droplet shape.

BACKGROUND ART

[0002] Generally, droplet jetting apparatuses for jetting
(discharging) fluid in droplet shapes have been widely used in
ink jet printers and recently are being developed to be applied
to high value-added production industries, such as display
production processing equipment, printed circuit board pro-
duction processing equipment and DNA chip production pro-
cessing equipment.

[0003] Inink jet printers, ink jetting apparatuses for jetting
ink into droplet shapes are classified into a thermal-actuation
type and an electrostatic type.

[0004] First,as shownin FIGS. 1 and 2, a thermal-actuation
type ink jetting apparatus includes a manifold 22 which is
provided on a base plate 10, an ink channel 24 and an ink
chamber 26 which are defined by partitions 14 provided on
the base plate 10, a heater 12 which is provided in the ink
chamber 26, and a nozzle 16 which is formed in a nozzle plate
18 to jet an ink droplet 29'. A thermal-actuation type ink
jetting apparatus having the above construction jets the ink
droplet 29' through the following operation.

[0005] The heater 12 generates heat using voltage applied
thereto. Ink 29 that is contained in the ink chamber 26 is
heated by the heat, so that a bubble 28 is created.

[0006] The created bubble 28 is continuously expanded,
thus applying pressure to the ink 29 contained in the ink
chamber 26. Hence, a droplet 29' is jetted to the outside
through the nozzle 26.

[0007] Thereafter, ink 29 is supplied from the manifold 22
into the ink chamber 26 through the ink channel 22, thus
recharging the ink chamber 26.

[0008] However, in the thermal-actuation type ink jetting
apparatus, ink 29 may be chemically deformed by heat gen-
erated from the heater 12 for the purpose of creating bubbles,
with the result that the quality of the ink 29 deteriorates.
[0009] Furthermore, while a droplet 29' of ink jetted from
the nozzle 16 moves towards the material to be printed on,
such as paper, the droplet 29' may rapidly vary in volume due
to the heat of the heater 12, thus reducing the printing quality,
for example, reducing the resolution.

[0010] In addition, the thermal-actuation type ink jetting
apparatus is problematic in that it is very difficult to minutely
control, for example, the shape and size of the droplet 29'
jetted from the nozzle 16.

[0011] As well, due to the above-mentioned problems, it is
not easy to realize a highly integrated droplet jetting appara-
tus.
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[0012] Meanwhile, FIGS. 3 and 4 illustrate an electrostatic
droplet jetting apparatus which uses an electric field, unlike
the above droplet jetting apparatus.

[0013] Asshownin FIGS. 3 and 4, the electrostatic droplet
jetting apparatus includes a base electrode 32 and an opposite
electrode 33 which face each other. Ink 31 is injected between
the two electrodes 32 and 33. A DC power supply 34 is
connected to the two electrodes 32 and 33.

[0014] When voltage is applied to the electrodes 32 and 33
by the DC power supply 34, an electrostatic field is formed
between the two electrodes 32 and 33.

[0015] Then, Coulomb’s force is applied to the ink 31 in the
direction toward the opposite electrode 33.

[0016] Meanwhile, because of the surface tension and vis-
cosity of the ink, a force repulsive to Coulomb’s force is
generated on the ink 31, so that the ink 31 is not easily jetted
towards the electrode 33.

[0017] Therefore, to separate a droplet from the surface of
the ink 31 and jet the droplet, a relatively high voltage, for
example, 1 kV or more, must be applied between the elec-
trodes 32 and 33.

[0018] Furthermore, if high voltage is not applied between
the electrodes 32 and 33, droplets are irregularly jetted and a
certain portion of the ink 31 is partially heated.

[0019] In detail, a temperature T1 of ink 31' in an area S1
becomes higher than a temperature TO of ink 31 in an area
other than the area S1. Thus, the ink 31' in the area S1 is
expanded and the electrostatic field is focused on this area, so
that lots of electrons collect there.

[0020] Therefore, repulsive force applied between elec-
trons and Coulomb’s force attributable to the electrostatic
field are applied to the ink 31' in the area S1. Thus, as shown
in FIG. 4, a droplet is separated from the ink 31" in the area S1
and moves towards the opposite electrode 33.

[0021] However, the electrostatic droplet jetting apparatus
having the above-mentioned construction is problematic in
that very high voltage, for example, 1 kV or more, must be
applied to the electrodes 32 and 33 and the separate opposite
electrode 33 must be provided at a position facing the nozzle.
Furthermore, there is a technical limit in the realization of
nano-scale patterning, which has been recently regarded as
important. Recently, as the size of a device is reduced from a
micro-scale to a nano-scale level, the manufacture of a nano-
scale structure becomes more important. As the results of
research into printing techniques for patterning nano-scale
structures, there have resulted an atomic-force microscope
(AFM) based method, a nanopipet deposition method, a
beam-based method, a contact printing method and an elec-
tric radiation method. The above-mentioned methods make
nano-scale patterning possible, but there are disadvantages in
that the speed of the patterning is relatively slow and they
cannot be used to pattern over a large area. Hence, a rapid
printing technique that can conduct patterning in both micro-
and nano-scale is required.

DISCLOSURE

Technical Problem

[0022] Accordingly, the present invention has been made
keeping in mind the above problems occurring in the prior art,
and an object of the present invention is to provide a droplet
jetting apparatus which applies a controllable electrostatic
field to the surface of fluid discharged from a nozzle, thus
jetting the fluid in a droplet shape without causing thermal
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deformation, and which can minutely control the jetted drop-
let using a first electrode, a second electrode and a third
electrode, and to provide a droplet jetting apparatus using a
nanotip which applies a controllable electrostatic field to the
surface of fluid discharged from the nanotip, thus jetting the
fluid in a droplet shape without causing thermal deformation,
and which can minutely control the jetted droplet using a first,
second and third electrode.

Technical Solution

[0023] Inanaspect, the present invention provides an appa-
ratus for jetting a droplet onto a first surface of a printable
matter, comprising: a main body having a chamber for con-
taining therein a predetermined amount of fluid, including
liquid and particles supplied from an outside, at least one
nozzle for communicating with the chamber, the nozzle jet-
ting a droplet of the fluid contained in the chamber onto the
first surface of the printable matter, and a first electrode
formed on an inner surface of at least one selected from
between the nozzle and the chamber by patterning treatment
to make electrical contact with the fluid; a second electrode
provided between the nozzle and the printable matter, the
second electrode having therein a through hole through which
the droplet is jetted from the nozzle onto the first surface of the
printable matter; a power supply to supply a voltage applied
between the first and second electrodes; and a control unit to
control the power supply.

[0024] The main body may include an upper plate and a
lower plate which are attached to each other, wherein the
lower plate may have on an upper surface thereof: a rectan-
gular depression for defining the chamber; a longitudinal
groove extending from the rectangular depression to a front
surface of the lower plate to form the nozzle; and a supply
hole formed in the rectangular depression and extending to a
lower surface of the lower plate for supplying the fluid from
the outside into the chamber.

[0025] The apparatus may further comprise a third elec-
trode disposed at a position spaced apart from a second sur-
face of the printable matter by a predetermined distance.
[0026] The power supply may supply a voltage to be
applied between the first electrode and the third electrode.
[0027] The second electrode may be formed by alternately
placing electrode layers and insulation layers on top of one
another.

[0028] The control unit may individually control a voltage
applied between the first electrode and each of the electrode
layers of the second electrode.

[0029] The voltage applied between the first electrode and
the second electrode may comprise one selected from among
a DC-pulse voltage, an AC voltage and a combination ofa DC
voltage and an AC voltage.

[0030] Furthermore, an end of the nozzle may protrude
outwards from the main body.

[0031] In addition, a hydrophobic film may be applied to a
surface of the end of the nozzle.

[0032] Preferably, the main body may be made of a poly-
mer material.
[0033] The nozzle may comprise a plurality of nozzles

formed in the main body, the nozzles communicating with the
single chamber.

[0034] In another aspect, the present invention provides an
apparatus for jetting a droplet, comprising: a first electrode
provided adjacent to a first surface of a printable matter to
make electrical contact with fluid; and a second electrode
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provided adjacent to the first surface or a second surface of the
printable matter, the second electrode forming an electro-
static field along with the first electrode to jet a droplet onto
the first surface of the printable matter, wherein a voltage
applied between the first electrode and the second electrode
comprises one selected from among a DC-pulse voltage, an
AC voltage and a combination of a DC voltage and an AC
voltage.

[0035] In another aspect, the present invention provides an
apparatus for jetting a droplet using a nanotip onto a first
surface of a printable matter, comprising: a main body includ-
ing a cantilever having a nanoplate and a nanoplate provided
under a lower surface of a first end of the nanoplate, a hori-
zontal open channel extending from a chamber, formed in a
second end of the nanoplate, to the first end of the nanoplate
along an upper surface of the nanoplate so that fluid contained
in the chamber is moved to the first end of the nanoplate
through the horizontal open channel, a vertical open channel
formed in one surface of the nanotip such that a first end
thereof communicates with the horizontal open channel and a
second thereof extends to a pointed end of the nanotip so that
the fluid that is moved to the first end of the nanoplate is
moved to the pointed end of the nanotip through the vertical
open channel, and a first electrode provided on at least one
predetermined portion to make electrical contact with the
fluid; a second electrode provided between the pointed end of
the nanotip and the printable matter, the second electrode
having therein a through hole, through which a droplet of the
fluid is jetted from the pointed end onto the first surface of the
printable matter; a power supply to supply a voltage to be
applied between the first electrode and the second electrode;
and a control unit to control the power supply.

[0036] The apparatus may further comprise a third elec-
trode disposed at a position spaced apart from a second sur-
face of the printable matter by a predetermined distance.
[0037] The power supply may supply a voltage to be
applied between the first electrode and the third electrode.
[0038] The second electrode may be formed by alternately
placing electrode layers and insulation layers on top of one
another.

[0039] The control unit may individually control a voltage
applied between the first electrode and each of the electrode
layers of the second electrode.

[0040] The voltage applied between the first electrode and
the second electrode may comprise one selected from among
a DC-pulse voltage, an AC voltage and a combination ofa DC
voltage and an AC voltage.

[0041] Furthermore, a hydrophobic film may be applied to
a surface of the pointed end of the nanotip.

[0042] The cantilever may be made of a polymer material.
[0043] The main body may comprises a plurality of main
bodies provided adjacent to each other to form an integrated
structure, and the second electrode may be provided between
the printable matter and the pointed ends of the main bodies,
with through holes formed in the second electrode at respec-
tive positions corresponding to the pointed ends of the main
bodies.

[0044] In another aspect, the present invention provides an
apparatus for jetting a droplet using a nanotip onto a first
surface of a printable matter, comprising: a main body includ-
ing a cantilever having a nanoplate and a nanoplate provided
under a lower surface of a first end of the nanoplate, a hori-
zontal open channel extending from a chamber, formed in a
second end of the nanoplate, to the first end of the nanoplate
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along an upper surface of the nanoplate so that fluid contained
in the chamber is moved to the first end of the nanoplate
through the horizontal open channel, a vertical closed channel
formed through the nanotip in a vertical direction such that a
first end thereof communicates with the horizontal open
channel and a second thereof extends to a pointed end of the
nanotip so that the fluid that is moved to the first end of the
nanoplate is moved to the pointed end of the nanotip through
the vertical closed channel, and a first electrode provided on
at least one predetermined portion for making electrical con-
tact with the fluid; a second electrode provided between the
pointed end of the nanotip and the printable matter, the second
electrode having therein a through hole, through which a
droplet of the fluid is jetted from the pointed end onto the first
surface of the printable matter; a power supply to supply a
voltage to be applied between the first electrode and the
second electrode; and a control unit to control the power
supply.

[0045] The apparatus may further comprise a third elec-
trode disposed at a position spaced apart from a second sur-
face of the printable matter by a predetermined distance.

[0046] The power supply may supply a voltage to be
applied between the first electrode and the third electrode.

[0047] The second electrode may be formed by alternately
placing electrode layers and insulation layers on top of one
another.

[0048] The control unit may individually control a voltage
applied between the first electrode and each of the electrode
layers of the second electrode.

[0049] The voltage applied between the first electrode and
the second electrode may comprise one selected from among
a DC-pulse voltage, an AC voltage and a combination ofa DC
voltage and an AC voltage.

[0050] Furthermore, a hydrophobic film may be applied to
a surface of the pointed end of the nanotip.

[0051]

[0052] The main body may comprise a plurality of main
bodies provided adjacent to each other to form an integrated
structure, and the second electrode may be provided between
the printable matter and the pointed ends of the main bodies,
with through holes formed in the second electrode at respec-
tive positions corresponding to the pointed ends of the main
bodies.

[0053] In another aspect, the present invention provides an
apparatus for jetting a droplet using a nanotip onto a first
surface of a printable matter, comprising: a main body includ-
ing a nanoplate having a pointed end formed by reducing a
width of a first end of the nanoplate, a horizontal open channel
extending from a chamber, formed in a second end of the
nanoplate, to the first end of the nanoplate along an upper
surface ofthe nanoplate so that fluid contained in the chamber
is moved to the pointed end of the first end of the nanoplate
through the horizontal open channel, and a first electrode
provided on a portion of the horizontal open channel for
making electrical contact with the fluid; a second electrode
provided between the pointed end of the nanoplate and the
printable matter, the second electrode having therein a
through hole, through which a droplet of the fluid is jetted
from the pointed end of the nanoplate onto the first surface of
the printable matter; a power supply to supply a voltage to be
applied between the first electrode and the second electrode;
and a control unit to control the power supply.

The cantilever may be made of a polymer material.
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[0054] The apparatus may further comprise a third elec-
trode disposed at a position spaced apart from a second sur-
face of the printable matter by a predetermined distance.
[0055] The power supply may supply a voltage to be
applied between the first electrode and the third electrode.
[0056] The second electrode may be formed by alternately
placing electrode layers and insulation layers on top of one
another.

[0057] The control unit may individually control a voltage
applied between the first electrode and each of the electrode
layers of the second electrode.

[0058] The voltage applied between the first electrode and
the second electrode may comprise one selected from among
a DC-pulse voltage, an AC voltage and a combination ofa DC
voltage and an AC voltage.

[0059] Furthermore, a hydrophobic film may be applied to
a surface of the pointed end of the nanoplate.

[0060] The nanoplate may be made of a polymer material.
[0061] The nanoplate may comprise a plurality of nano-
plates provided adjacent to each other to form an integrated
structure, and the second electrode may be provided between
the printable matter and the pointed ends of the nanoplates,
with through holes formed in the second electrode at respec-
tive positions corresponding to the pointed ends of the nano-
plates.

DESCRIPTION OF DRAWINGS

[0062] FIGS. 1 and 2 are views showing a thermal-actua-
tion type droplet jetting apparatus according to a conventional
technique;

[0063] FIGS. 3 and 4 are views showing an electrostatic
droplet jetting apparatus according to another conventional
technique;

[0064] FIG. 5 is a perspective view of a main body of an
apparatus for jetting a droplet having a single nozzle, accord-
ing to a first embodiment of the present invention;

[0065] FIG. 6 is a view showing the droplet jetting appara-
tus of FIG. 5;

[0066] FIG. 7 is a sectional view taken along the line A-A'
of FIG. 6;

[0067] FIG. 8 is a perspective view of a main body of an
apparatus for jetting a droplet having multiple nozzles,
according to the first embodiment of the present invention;
[0068] FIG. 9 is a view showing the droplet jetting appara-
tus of FIG. 8;

[0069] FIG. 10 is a sectional view taken along the line B-B'
of F1IG. 9;

[0070] FIG. 11 is of views illustrating an effect of a pro-
truded nozzle of the droplet jetting apparatus according to the
first embodiment of the present invention;

[0071] FIG. 12 is a view showing an apparatus for jetting a
droplet using a nanotip, according to a second embodiment of
the present invention;

[0072] FIG. 13 is a sectional view taken along the line I-I' of
FIG. 12;
[0073] FIG. 14 is a view showing an apparatus for jetting a

droplet using a nanotip, according to a third embodiment of
the present invention;

[0074] FIG. 15 is a view showing the concept of the appa-
ratus for jetting a droplet using the nanotip according to the
present invention;

[0075] FIG. 16 is a view showing the concept of the inte-
grated droplet jetting apparatuses using the nanotips accord-
ing to the present invention;
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[0076] FIG. 17 is a view showing an interface of fluid
formed on a pointed end of the nanotip of the droplet jetting
apparatus according to the present invention; and

[0077] FIG. 18 is a view showing another embodiment of
an apparatus for jetting a droplet using a nanotip according to
the present invention.

<Description of the elements in the drawings>

100: main body 100a: upper plate

100b: lower plate 110: chamber

120: nozzle 130: first electrode
140: second electrode 142: electrode layer
144: insulation layer 150: third electrode
200: power supply 300: control unit.
400: main body 410: first electrode

420: second electrode

422: electrode layer

430: third electrode

442: nanoplate

444a: pointed end

450: horizontal open channel
460: vertical open channel
460" vertical closed channel
500: power supply

420h: through hole
424: insulation layer
440: cantilever

444: nanotip

600: control unit

BEST MODE

[0078] Hereinafter, preferred embodiments of the present
invention will be described in detail with reference to the
attached drawings.

[0079] A better understanding of the present invention may
be obtained through the following embodiments, which are
set forth to illustrate, but are not to be construed as limiting the
present invention.

First Embodiment

[0080] As shown in FIG. 6, an apparatus for jetting a drop-
let according to a first embodiment of the present invention
includes a main body 100 provided with a first electrode 130,
a second electrode 140, a third electrode 150, a power supply
200 and a control unit 300.

[0081] The main body has a chamber 110 therein and
includes a nozzle 120 and the first electrode 130. The chamber
110 functions to contain therein a predetermined amount of
fluid including liquid and particles supplied from the outside.
The nozzle 120 communicates with the chamber 110 and
functions to jet adroplet of the fluid, contained in the chamber
110, to a first surface of printable matter A. The first electrode
130 is formed on the inner surface of at least one of the
chamber 110 and the nozzle 120 by patterning treatment to
make electrical contact with the fluid.

[0082] The second electrode 140 is provided between the
nozzle 120 and the printable matter A and has therein a
through hole 140/, through which a droplet is jetted from the
nozzle 120 to the first surface of the printable matter A. The
power supply 200 supplies voltage applied between the first
electrode 130 and the second electrode 140. The control unit
300 controls the power supply 200. The third electrode 150 is
disposed at a position spaced apart from a second surface of
the printable matter A by a predetermined distance.

[0083] First, the main body 100 will be explained in detail
below.
[0084] As shown in FIGS. 5 and 6, the main body 100 has

the chamber 110, which contains therein a predetermined
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amount of fluid including liquid and particles supplied from
the outside. The main body 100 includes the nozzle 120
which communicates with the chamber 110 and jets a droplet
of the fluid, contained in the chamber 110, to the first surface
of'the printable matter A, and the first electrode 130 which is
formed on the inner surface of the chamber 110 by patterning
treatment to make electrical contact with the fluid.

[0085] As one example, the main body 100 may comprise
anupper plate 100a, and a lower plate 1005 which is attached
at the upper surface thereof to the lower surface of the upper
plate 1004, as shown in FIG. 5. A rectangular depression is
formed in the upper surface of the lower plate 1005 to define
the chamber 110 between the upper and lower plates 100a and
1005 which are attached to each other. Furthermore, a longi-
tudinal groove which extends from the rectangular depression
to the front surface of the lower plate 1005 is formed in the
upper surface of the lower plate 1005 to form the nozzle 120
between the upper and lower plates 100a and 1005. A supply
hole 100/, through which fluid is supplied from the outside
into the chamber 110, is formed in the rectangular depression
and extends to the lower surface of the lower plate 1004.

[0086] As shown in FIGS. 6 and 9, when the nozzle 120 is
formed by attaching the lower surface of the upper plate 100a
to the upper surface of the lower plate 1005, the end of the
nozzle 120 preferably protrudes outwards from the main
body 100. Because of this shape made such that the end of the
nozzle 120 protrudes outwards from the main body 100, a
relatively large contact angle can be maintained when a liquid
surface of fluid is formed, thus increasing the stability of the
liquid surface.

[0087] FIG. 11 shows a difference between a liquid surface
formed on an apparatus (a) having a nozzle formed by simply
boring and a liquid surface formed on an apparatus (b) having
aprotruded nozzle. In addition, FIG. 11 shows distribution of
an electric field depending on the shape of a liquid surface. As
acurvature radius R of the liquid surface becomes smaller, the
shape of the liquid surface comes closer to a hemispheric
shape. It is to be understood that as the curvature radius P of
the liquid surface becomes smaller, the intensity of the elec-
tric field becomes increased and the electric field is focused
on the center thereof. Therefore, it is to be appreciated that the
protruded nozzle provides many advantages in the jetting of a
droplet.

[0088] Furthermore, a hydrophobic film may be applied to
the surface of the end of the nozzle 120. For example, a
hydrophobic surface can be formed by oxygen plasma treat-
ment or argon and oxygen ion beam treatment. As such, in the
case where the hydrophobic film is applied to the surface of
the end of the nozzle 120, when a droplet is jetted from the
nozzle 120, the initial meniscus of fluid can be effectively
formed. In addition, even though droplets be repeatedly jet-
ted, the jetting operation can be reliably conducted and the
performance thereof can be increased.

[0089] Meanwhile, as shown in FIGS. 8 and 9, several
nozzles 120 may be formed in the main body 100 and extend
from the single chamber 110. In detail, a single rectangular
depression is formed in the upper surface of the lower plate
10054 to form the chamber 110 therein, and three longitudinal
grooves which extend from the rectangular depression to the
front surface of the lower plate 1005 are formed in the upper
surface of the lower plate 1005 to form three nozzles 120. A
supply hole 1004, through which fluid is supplied from the
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outside into the chamber 110, is formed in the rectangular
depression and extends to the lower surface of the lower plate
1005.

[0090] Here, although the first electrode 130 has been illus-
trated in the description of FIG. 5 as being formed in the inner
surface of the chamber 110 by patterning to make electrical
contact with fluid, first electrodes 130 may be formed in the
inner surfaces of the respective nozzles 120 by patterning
treatment to make electrical contact with fluid, as shown in
FIG. 8. Such a first electrode 130 may also be formed on the
lower surface of the upper plate 100q.

[0091] Preferably, the main body 100 is made of polymer
material. In particular, in the case where several droplet jet-
ting apparatuses are arranged such that they are close to each
other or, as shown in FIG. 8, several nozzles 120 are con-
nected to the single chamber 110, if the main body 100 is
made of non-conductive polymer material, electrical interfer-
ence occurring between the droplet jetting apparatuses or
between the nozzles 120 can be prevented.

[0092] The main body 100 may be manufactured by a
PDMS (polydimethylsiloxane) molding method.

[0093] Next, the second electrode 140 and the third elec-
trode 150 will be explained in detail below.

[0094] AsshowninFIGS. 5 and 6, the second electrode 140
is provided between the nozzle 120 of the main body 100 and
the printable matter A. The through hole 140/, through which
a droplet jetted from the nozzle 120 is applied to the first
surface of the printable matter A, is formed through the sec-
ond electrode 140.

[0095] When the power supply 200 which will be explained
later provides voltage applied between the second electrode
140 and the first electrode 130 of the main body 100, fluid that
has been supplied into the chamber 110 is jetted through the
nozzle 120 and then printed onto the printable matter A after
passing through the through hole 140/%. In detail, when volt-
age is applied between the first electrode 130 and the second
electrode 140, an electrostatic field is formed between the first
electrode 130 and the second electrode 140, and Coulomb’s
force is applied to the fluid in the direction toward the second
electrode 140 which is an opposing electrode. Hence, a drop-
let is jetted onto the printable matter A through the nozzle
120.

[0096] Here, as shown in FIGS. 7 and 10, the second elec-
trode 140 is formed by alternately placing electrode layers
142 and insulation layers 144 on top of one another. Voltage
which is applied between the first electrode 130 and each
electrode layer 142 of the second electrode 140 can be indi-
vidually controlled by the control unit 300. This, will be
explained in detail in the description of the power supply 200
and the control unit 300.

[0097] Meanwhile, as shown in FIGS. 8 and 9, in the case of
the main body 100 in which the several nozzles 120 are
connected to a single chamber 110 of the main body 100,
second electrodes 140 are provided at positions correspond-
ing to the respective nozzles 120, such that voltage which is
applied between the first electrode 130 and each second elec-
trode 140 can be individually controlled.

[0098] As shownin FIGS. 5, 6, 8 and 9, the third electrode
150 is disposed at a position spaced apart from the second
surface of the printable matter A by a predetermined distance.
Voltage is also applied between the first electrode 130 and the
third electrode 150. As such, because voltage is also applied
between the first electrode 130 and the third electrode 150,
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Coulomb’s force is further increased so that straightness of
the trajectory of the jetted droplet can be further enhanced.
[0099] Next, the power supply 200 and the control unit 300
will be explained in detail.

[0100] As shown in FIGS. 6 and 9, the power supply 200
supplies a voltage to be applied between the first electrode
130 and the second electrode 140 and between the first elec-
trode 130 and the third electrode 150. The control unit 300
controls the power supply 200.

[0101] As stated above, the control unit 300 individually
controls voltage applied between the first electrode 130 and
each electrode layer 142. Furthermore, the control unit 300
can also independently control voltage applied between the
first electrode 130 and the second electrode 140 while indi-
vidually controlling voltage applied between the first elec-
trode 130 and each electrode layer 142.

[0102] Forexample, when voltage applied between the first
electrode 130 and an electrode layer 142 disposed nearest to
the nozzle 120 is different from the voltage applied between
the first electrode 130 and an electrode layer 142 disposed
farthest from the nozzle 120, the acceleration of the jetted
droplet can be varied to be increased or decreased. Depending
on variation in the acceleration of jetted droplet, the quality of
the print on the printable matter A also varies. In other words,
a pattern formed may vary depending or: the impact force
with which a droplet strikes the printable matter A. In the case
of patterning in applied fields, such as a display, RFID, solar
cell, etc., and not simple letter printing, there may be a dif-
ference in performance depending on the uniformity of a line
or waveness. Therefore, a precise control for preventing this
is required. If the velocity of jetted droplet is controlled,
optimal printing can be expected.

[0103] Meanwhile, voltage applied between the first elec-
trode 130 and the second electrode 140 may comprise one
selected from among DC-pulse voltage, AC voltage or a com-
bination of DC and AC voltage.

[0104] When electric charges are electrically charged on
the interface of fluid by the consecutive application of signals
of DC voltage and the electric charges move in the tangential
direction of the interface, electrostatic force is concentrated
on the central portion of the interface, thus jetting a droplet.
However, because the interface and a jetting mode vary
depending on the level of applied voltage and the electrical
conductivity, the surface tension coefficient or the viscosity of
fluid, if consecutive signals are applied, only under the
restrictive condition that a single droplet be formed can drop-
lets be formed and jetted.

[0105] To overcome this, if DC voltage is applied, because
electrostatic force is applied to the interface of a droplet only
for a limited time, a desired number of droplets can be formed
and jetted at desired point in time. In the case of continuous jet
or cone-jet, a droplet can also be formed by cutting the con-
tinuous jet. However, even in this case, to effectively form a
droplet, the conditions, such as the applied voltage, must be
optimally given depending on the physical characteristics of
the fluid. In other words, optimal voltage and frequency pulse
must be applied depending on the characteristics of the fluid
such that a desired number of droplets are formed at a desired
point in time.

[0106] Meanwhile, according to recent research of electro-
spray, it is reported that the interface of fluid can also be
changed by AC voltage. Therefore, in the first embodiment of
the present invention, it is proposed to form and jet a droplet
using AC voltage.
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[0107] Moreover, to enhance the efficiency and effect of
forming and jetting a droplet, preferably, DC voltage is
applied within a range in which fluid is not sprayed or a
droplet is not formed and, simultaneously, AC voltage of a
special frequency is applied. Then, droplets can be formed
and jetted a number of times proportional to the correspond-
ing frequency, and more reliable optimal conditions can be
given.

Second Embodiment and Third Embodiment

[0108] As shown in FIG. 12 or 14, an apparatus for jetting
a droplet using a nanotip according to a second or a third
embodiment of the present invention includes a main body
400 provided with a first electrode 410, a second electrode
420, a third electrode 430, a power supply 500 and a control
unit 600.

[0109] The main body 400 includes a cantilever 440, a
horizontal open channel 450, a vertical open channel 460 and
the first electrode 410. The cantilever 440 includes a nano-
plate 442 and a nanotip 444, which is provided under the
lower surface of a first end of the nanoplate 442. The hori-
zontal open channel 450 extends from a chamber (C of FIG.
15), which is formed in a second end of the nanoplate 442, to
the first end of the nanoplate 442 along the upper surface of
the nanoplate 442. Fluid which is contained in the chamber C
is moved to the first end of the nanoplate 442 through the
horizontal open channel 450. The vertical open channel 460 is
formed in one surface of the nanotip 444 such that a first end
thereof communicates with the horizontal open channel 450
and a second thereof extends to a pointed end 444a of the
nanotip 444. Thus, the fluid that is moved to the first end of the
nanoplate 442 is moved to the pointed end 444a of the nanotip
444 through the vertical open channel 460. The first electrode
410 is provided to make electrical contact with fluid.

[0110] The second electrode 420 is provided between the
pointed end 444a of the nanotip 444 and the printable matter
A and has therein a through hole 420/, through which a
droplet is jetted from the pointed end 444a to the first surface
of the printable matter A. The power supply 500 supplies
voltage applied between the first electrode 410 and the second
electrode 420. The control unit 600 controls the power supply
500. The third electrode 430 is disposed at a position spaced
apart from a second surface of the printable matter A by a
predetermined distance.

[0111] Here, a vertical closed channel 460' may be pro-
vided in place of the vertical open channel 460. In this case,
the horizontal open channel 450 extends from the chamber C
of the second end of the nanoplate 442 to the first end of the
nanoplate 442 along the upper surface of the nanoplate 442,
and the vertical closed channel 460' is vertically formed
through the nanotip 444 such that a first end thereof commu-
nicates with the horizontal open channel 450 and a second end
thereof extends to the nanotip 444a of the nanotip 444.
[0112] First, the main body 400 will be explained in detail.
[0113] Themain body 400 according to the second embodi-
ment includes a cantilever 440, which has a nanoplate 442 and
ananotip 444 that is provided under the lower surface of a first
end of the nanoplate 442. The main body 400 has a horizontal
open channel 450, which extends from a chamber C that is
formed in a second end of the nanoplate 442 to the first end of
the nanoplate 442 along the upper surface of the nanoplate
442 so that fluid which is contained in the chamber C is moved
to the first end of the nanoplate 442 through the horizontal
open channel. 450. The main body 400 further has a vertical
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open channel 460 which is formed in one surface of the
nanotip 444 such that a first end thereof communicates with
the horizontal open channel 450 and a second thereof extends
to a pointed end 444a of the nanotip 444 so that the fluid that
is moved to the first end of the nanoplate 442 is moved to the
pointed end 444a of the nanotip 444 through the vertical open
channel. 460. The main body 400 further includes a first
electrode 410 which is provided at at least one predetermined
position for making electrical contact with the fluid.

[0114] As shown in FIG. 12, in the cantilever 440 of the
main body 400 according to the second embodiment, for
example, the horizontal open channel 450 may be formed by
forming a groove in the upper surface of the nanoplate 442
along the longitudinal center axis of the nanoplate 442. The
vertical open channel 460 may be formed by forming a groove
in the surface of'the nanotip 444 along the longitudinal center
axis of the nanotip 444 such that the groove of the nanotip 444
is connected to the groove the nanoplate 442.

[0115] The first electrode 410 is formed on the inner sur-
faces ofthe horizontal open channel 450 and the vertical open
channel 460 by patterning treatment. Here, the first electrode
410 may be formed in one selected from between the hori-
zontal open channel 450 and the vertical open channel 460.
Alternatively, the main body 400 may be made of conductive
material and thus itself may be used as the first electrode 410.
[0116] Inthe case where the firstelectrode 410 is formed on
the inner surface of the horizontal open channel 450 or the
vertical open channel 460 by patterning treatment, the canti-
lever 440 is preferably made of polymer material. Then, even
if the several main bodies 400 are arranged adjacent to each
other, electrical interference therebetween can be prevented.
[0117] Meanwhile, in the third embodiment, the main body
400 includes a cantilever 440, which has a nanoplate 442 and
ananotip 444 that is provided under the lower surface of a first
end of the nanoplate 442. The main body 400 has a horizontal
open channel 450, which extends from a chamber C that is
formed in a second end of the nanoplate 442 to the first end of
the nanoplate 442 along the upper surface of the nanoplate
442 so that fluid which is contained in the chamber C is moved
to the first end of the nanoplate 442 through the horizontal
open channel 450. The main body 400 further has a vertical
closed channel 460" which is vertically formed through the
nanotip 444 such that a first end thereof communicates with
the horizontal open channel 450 and a second thereof extends
to a pointed end 444a of the nanotip 444 so that the fluid that
is moved to the first end of the nanoplate 442 is moved to the
pointed end 444a of the nanotip 444 through the vertical
closed channel 460'. The main body 400 further includes a
first electrode 410 which is provided at at least one predeter-
mined position for making electrical contact with fluid.
[0118] As shown in FIG. 1.4, in the cantilever 440 of the
main body 400 according to the third embodiment, for
example, the horizontal open channel 450 may be formed by
forming a groove in the upper surface of the nanoplate 442
along the longitudinal center axis of the nanoplate 442. The
vertical closed channel 460' may be formed by forming a
vertical hole through the nanotip 444 such that the vertical
hole of the nanotip 444 is connected to the groove the nano-
plate 442.

[0119] The first electrode 410 is formed on the inner sur-
faces of the horizontal open channel 450 and the vertical
closed channel 460" by patterning treatment. Here, the first
electrode 410 may be formed in one selected from between
the horizontal open channel 450 and the vertical closed chan-
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nel 460'. Alternatively, the main body 400 may be made of
conductive material and thus itself may be used as the first
electrode 410.

[0120] Inthecase where the firstelectrode 410 is formed on
the inner surface of the horizontal open channel 450 or the
vertical closed channel 460" by patterning treatment, the can-
tilever 440 is preferably made of polymer material. Then,
even if several main bodies 400 are arranged adjacent to each
other, electrical interference therebetween can be prevented.
[0121] Furthermore, a hydrophobic film may be applied to
the surface of the pointed end 444a of the nanotip 444. For
example, a hydrophobic surface can be formed by oxygen
plasma treatment or argon and oxygen ion beam treatment. As
such, in the case where the hydrophobic film is applied to the
surface of the end of the nozzle, when a droplet is jetted
through the nozzle, the initial meniscus of fluid can be effec-
tively formed. In addition, even if droplets are repeatedly
jetted, the jetting operation can be reliably conducted and the
performance thereof can be increased.

[0122] The main body 100 may be manufactured by a
PCMS (polycimethylsiloxane) molding method.

[0123] Next, the second electrode 420 and the third elec-
trode 430 will be explained below.

[0124] As shown in FIGS. 12 and 14, the second electrode
420 is provided between the pointed end 444q of the nanotip
444 and the printable matter A and has therein a through hole
4204, through which a droplet is jetted from the pointed end
444aq of the nanotip 444 to the first surface of the printable
matter A.

[0125] When the power supply 500 which will be explained
in detail later supplies voltage applied between the second
electrode 420 and the first electrode 410 of the main body
400, fluid that has been supplied into the chamber C is jetted
through the pointed end 444q via the horizontal open channel
450 and the horizontal closed channel 460 or the horizontal
open channel 450 and then printed onto the printable matter A
after passing through the through hole 420%. In detail, when
voltage is applied between the first electrode 410 and the
second electrode 420, an electrostatic field is formed between
the first electrode 410 and the second electrode 420, and
Coulomb’s force is applied to the fluid in the direction toward
the second electrode 420 which is an opposite electrode.
Hence, a droplet is jetted onto the printable matter A through
the pointed end 444a.

[0126] Here, as shown in FIG. 13, the second electrode 420
is formed by alternately placing electrode layers 422 and
insulation layers 424 on top of one another. Voltage which is
applied between the first electrode 410 and each electrode
layers 422 of the second electrode 420 can be individually
controlled by the control unit 600. This will be explained in
detail, in the description of the power supply 500 and the
control unit 600.

[0127] Meanwhile, as shown in FIG. 15, in the case where
a droplet is jetted from the single chamber C through the
single pointed end 444q, the single through hole 420/ is
formed through the second electrode 420. As shown in FIG.
16, several main bodies 400 are arranged adjacent to each
other to form an integrated structure, and second electrodes
420 are provided at positions corresponding to the pointed
end 442 of the respective main bodies 400, such that voltage
which is applied between the first electrode 410 and each
second electrode 420 can be individually controlled.

[0128] As shown in FIGS. 12, 14, 15 and 16, the third
electrode 430 is disposed at a position spaced apart from the
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second surface of the printable matter A by a predetermined
distance. Voltage is also applied between the first electrode
410 and the third electrode 430. As such, because voltage is
also applied between the first electrode 410 and the third
electrode 430, Coulomb’s force is further increased so that
straightness of the trajectory of a jetted droplet can be further
enhanced.

[0129] Below, the power supply 500 and the control unit
600 will be explained in detail.

[0130] As shown in FIGS. 12 and 14, the power supply 500
supplies voltage which is applied between the first electrode
410 and the second electrode 420 and between the first elec-
trode 410 and the third electrode 430. The control unit 600
controls the power supply 500.

[0131] As stated above, the control unit 600 individually
controls voltage applied between the first electrode 410 and
each electrode layer 422. Furthermore, the control unit 600
can also independently control voltage applied between the
first electrode 410 and the second electrode 420 and that
applied between the first electrode 410 and each electrode
layer 442.

[0132] Forexample, when voltage applied between the first
electrode 410 and an electrode layer 442 disposed nearest to
the pointed end 444a is different from voltage applied
between the first electrode 410 and an electrode layer 142
disposed farthest from the pointed end 444a, the acceleration
of jetted droplet can be positively or negatively influenced.
Depending on variation in the acceleration of a jetted droplet,
the quality of the print on the printable matter A is also varied.
[0133] Meanwhile, voltage applied between the first elec-
trode 410 and the second electrode 420 may comprise one
selected from among DC-pulse voltage, AC voltage or a com-
bination of DC and AC voltage.

[0134] When electric charges are electrically charged on
the interface of fluid by the application of consecutive signals
of DC voltage and the electric charges move in the tangential
direction of the interface, electrostatic force is concentrated
on the central portion of the interface, thus jetting a droplet.
However, because the interface and a jetting mode vary
depending on the level of applied voltage and the electrical
conductivity, the surface tension coefficient or the viscosity of
fluid, if consecutive signals are applied, only under the
restrictive condition that a single droplet is formed can drop-
lets be formed and jetted.

[0135] To overcome this, if DC voltage is applied, because
electrostatic force is applied to the interface of a droplet only
for a limited time, a desired number of droplets can be formed
and jetted at a desired point in time. In the case of a continuous
jet or cone-jet, a droplet can also be formed by cutting the
continuous jet. However, in even this case, to effectively form
a droplet, conditions such as the applied voltage must be
optimally given depending on the physical characteristics of
the fluid. In other words, optimal voltage and frequency pulse
must be applied depending on the characteristics of the fluid
such that a desired number of droplets are formed at a desired
point in time.

[0136] Meanwhile, according to recent research concern-
ing electrospray, it is reported that the interface of fluid can
also be changed by AC voltage. Therefore, in the second and
third embodiments of the present invention, it is proposed to
form and jet a droplet using AC voltage.

[0137] Moreover, to enhance the efficiency and effects of
forming and jetting a droplet, preferably, DC voltage is
applied within a range in which fluid is not sprayed or a
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droplet is not formed and, simultaneously, AC voltage of a
special frequency is applied. Then, droplets can be formed
and jetted a number of times proportional to the correspond-
ing frequency, and more reliable optimal conditions can be
given.

[0138] FIG. 17 is a view showing an interface of fluid
formed on the pointed end of the nanotip of the droplet jetting
apparatus, according to the second or third embodiments of
the present invention. As shown in (a), (b), (¢) and (d), the
interface of fluid may be formed into various shapes. The
shapes shown in (a) or (b) are optimal.

[0139] Meanwhile, in place of the cantilever 440 including
the nanoplate 442 and the nanotip 444 provided under the first
end of the nanoplate 442 as shown in FIG. 18, a nanoplate 442
which has a pointed end 444a on an end thereof such that the
width of the nanoplate 442 is reduced towards the end thereof
may be used.

[0140] In other words, the other components, such as the
second electrode 420, the power supply 500, the control unit
600, etc., remain the same as the second or third embodiment.
Unlike the cantilever 440 of the second or third embodiment,
the nanotip 444 is integrated with the nanoplate 442 and the
pointed end 444a is formed by reducing the width of the end
of the nanoplate 442. A droplet of fluid is jetted through the
pointed end 444a formed on the nanoplate 442. In this case,
the nanoplate 442 may be formed in either micro- or nano-
scale.

[0141] Although the preferred embodiments of the present
invention have been disclosed with reference the attached
drawings for illustrative purposes, those skilled in the art will
appreciate that various modifications, additions and substitu-
tions are possible, without departing from the scope and spirit
of the invention as disclosed in the accompanying claims.

INDUSTRIAL APPLICABILITY

[0142] Asdescribed above, the present invention provides a
droplet jetting apparatus in which a controllable electrostatic
field is applied to a surface of fluid jetted through a nozzle, so
that the fluid can be jetted in a droplet shape without it under-
going a thermal change. Furthermore, jetted droplets can be
precisely controlled using first, second and third electrodes.
[0143] In addition, according to an embodiment of the
present invention, even though several droplet jetting appa-
ratuses are disposed adjacent to each other at regular inter-
vals, because the present invention is free from thermal prob-
lems which have been experienced with the conventional
techniques, a highly integrated structure can be realized.
[0144] Meanwhile, in a droplet jetting apparatus using a
nanotip according to the present invention, a controllable
electrostatic field is applied to a surface of fluid jetted through
a pointed end of a nanotip, so that the fluid can be jetted in a
droplet shape without any accompanying thermal change.
Furthermore, droplets to be jetted can be precisely controlled
using first, second and third electrodes.

[0145] As well, according to an embodiment of the present
invention, even though several droplet jetting apparatuses
using nanotips be disposed adjacent to each other at regular
intervals, because the present invention is free from thermal
problems which have been experienced with the conventional
techniques, a highly integrated structure can be realized.

1-12. (canceled)

13. An apparatus for jetting a droplet using a nanotip onto
a first surface of a printable matter, comprising:
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a main body including: a cantilever having a nanoplate and
ananoplate provided under a lower surface of a first end
of the nanoplate; a horizontal open channel extending
from a chamber, formed in a second end of the nano-
plate, to the first end of the nanotip along an upper
surface of the nanoplate so that fluid contained in the
chamber is moved to the first end of the nanoplate
through the horizontal open channel; a vertical open
channel formed in one surface of the nanotip such that a
first end thereof communicates with the horizontal open
channel and a second end thereof extends to a pointed
end of the nanotip so that the fluid that is moved to the
first end of the nanoplate is moved to the pointed end of
the nanotip through the vertical open channel; and a first
electrode provided on at least one predetermined portion
to make electrical contact with the fluid;

a second electrode provided between the pointed end of the
nanotip and the printable matter, the second electrode
having therein a through hole, through which a droplet
of the fluid is jetted from the pointed end onto the first
surface of the printable matter;

a power supply to supply a voltage to be applied between
the first electrode and the second electrode; and

a control unit to control the power supply.

14. The apparatus according to claim 13, further compris-
ing: a third electrode disposed at a position spaced apart from
a second surface of the printable matter by a predetermined
distance.

15. The apparatus according to claim 14, wherein the
power supply supplies a voltage to be applied between the
first electrode and the third electrode.

16. The apparatus according to claim 13, wherein the sec-
ond electrode is formed by alternately placing electrode lay-
ers and insulation layers on top of one another.

17. The apparatus according to claim 16, wherein the con-
trol unit individually controls a voltage applied between the
first electrode and each of the electrode layers of the second
electrode.

18. The apparatus according to claim 13, wherein the volt-
age applied between the first electrode and the second elec-
trode comprises one selected from among a DC-pulse volt-
age, an AC voltage and a combination of a DC voltage and an
AC voltage.

19. The apparatus according to claim 13, wherein a hydro-
phobic film is applied to a surface of the pointed end of the
nanotip.

20. The apparatus according to claim 13, wherein the can-
tilever is made of a polymer material.

21. (canceled)

22. An apparatus for jetting a droplet using a nanotip onto
a first surface of a printable matter, comprising:

a main body including: a cantilever having a nanoplate and
ananotip provided under a lower surface of a first end of
the nanoplate; a horizontal open channel extending from
a chamber, formed in a second end of the nanoplate, to
the first end of the nanoplate along an upper surface of
the nanoplate so that fluid contained in the chamber is
moved to the first end of the nanoplate through the
horizontal open channel; a vertical closed channel
formed through the nanotip in a vertical direction such
thata first end thereof communicates with the horizontal
open channel and a second end thereof extends to a
pointed end of the nanotip so that the fluid that is moved
to the first end of the nanoplate is moved to the pointed
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end of the nanotip through the vertical closed channel;
and a first electrode provided on at least one predeter-
mined portion for making electrical contact with the
fluid;

asecond electrode provided between the pointed end of the

nanotip and the printable matter, the second electrode
having therein a through hole, through which a droplet
of the fluid is jetted from the pointed end onto the first
surface of the printable matter;

a power supply to supply a voltage to be applied between

the first electrode and the second electrode; and

a control unit to control the power supply.

23. The apparatus according to claim 22, further compris-
ing: a third electrode disposed at a position spaced apart from
a second surface of the printable matter by a predetermined
distance.

24. The apparatus according to claim 23, wherein the
power supply supplies a voltage to be applied between the
first electrode and the third electrode.

25. The apparatus according to claim 22, wherein the sec-
ond electrode is formed by alternately placing electrode lay-
ers and insulation layers on top of one another.

26. The apparatus according to claim 25, wherein the con-
trol unit individually controls a voltage applied between the
first electrode and each of the electrode layers of the second
electrode.

27. The apparatus according to claim 22, wherein the volt-
age applied between the first electrode and the second elec-
trode comprises one selected from among a DC-pulse volt-
age, an AC voltage and a combination of'a DC voltage and an
AC voltage.

28. The apparatus according to claim 22, wherein a hydro-
phobic film is applied to a surface of the pointed end of the
nanotip.

29. The apparatus according to claim 22, wherein the can-
tilever is made of a polymer material.

30. The apparatus according to claim 22, wherein the main
body comprises a plurality of main bodies provided adjacent
to each other to form an integrated structure, and the second
electrode is provided between the printable matter and the
pointed ends ofthe main bodies, with through holes formed in
the second electrode at respective positions corresponding to
the pointed ends of the main bodies.

31. An apparatus for jetting a droplet using a nanotip onto
a first surface of a printable matter, comprising:

a main body including: a nanoplate having a pointed end

formed by reducing a width of a first end of the nano-
plate; a horizontal open channel extending from a cham-
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ber, formed in a second end of the nanoplate, to the first
end of the nanoplate along an upper surface of the nano-
plate so that fluid contained in the chamber is moved to
the pointed end of the first end of the nanoplate through
the horizontal open channel; and a first electrode pro-
vided on a portion of the horizontal open channel for
making electrical contact with the fluid;

a second electrode provided between the pointed end of the
nanoplate and the printable matter, the second electrode
having therein a through hole, through which a droplet
of'the fluid is jetted from the pointed end of the nanoplate
onto the first surface of the printable matter;

a power supply to supply a voltage to be applied between
the first electrode and the second electrode; and

a control unit to control the power supply.

32. The apparatus according to claim 31, further compris-
ing: a third electrode disposed at a position spaced apart from
a second surface of the printable matter by a predetermined
distance.

33. The apparatus according to claim 32, wherein the
power supply supplies a voltage to be applied between the
first electrode and the third electrode.

34. The apparatus according to claim 31, wherein the sec-
ond electrode is formed by alternately placing electrode lay-
ers and insulation layers on top of one another.

35. The apparatus according to claim 34, wherein the con-
trol unit individually controls a voltage applied between the
first electrode and each of the electrode layers of the second
electrode.

36. The apparatus according to claim 31, wherein the volt-
age applied between the first electrode and the second elec-
trode comprises one selected from among a DC-pulse volt-
age, an AC voltage and a combination of a DC voltage and an
AC voltage.

37. The apparatus according to claim 31, wherein a hydro-
phobic film is applied to a surface of the pointed end of the
nanoplate.

38. The apparatus according to claim 31, wherein the nano-
plate is made of a polymer material.

39. The apparatus according to claim 31, wherein the nano-
plate comprises a plurality of nanoplates provided adjacent to
each other to form an integrated structure, and the second
electrode is provided between the printable matter and the
pointed ends of the nanoplates, with through holes formed in
the second electrode at respective positions corresponding to
the pointed ends of the nanoplates.
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