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(54) INJECT PRINTHEAD AND METHOD OF MANUFACTURING THE SAME

(567)  Disclosed are an inkjet printhead and a method
of manufacturing the same, the inkjet printhead including:
a first layer (110) including an inlet (111) formed to pen-
etrate a substrate and introduce ink therein, and a plu-
rality of membranes (115); a second layer (120) disposed
beneath the first layer (110), and including a manifold
(121) formed to penetrate a substrate and communicate
with the inlet (111) or recessed on a top of the substrate,
and a plurality of nozzle channels (122) formed to pen-
etrate the substrate below the membrane (115) and allow
the ink transferred from the manifold (121) to flow therein;
a third layer (130) disposed beneath the second layer
(120), and including a plurality of nozzles (131) formed
in a substrate and communicating the plurality of nozzle
channels (122); a piezoelectric actuator (140) formed on
the firstlayer (110) formed with the membrane (115), and
including a lower first electrode (141), a piezoelectric
body (142) on the first electrode (141), and a second
electrode (143) on the piezoelectric body (142); a first
voltage controller (145) configured to oscillate the mem-
brane (115) by applying a pulse voltage to the first elec-
trode (141) and the second electrode (143); a third elec-
trode (152) disposed beneath the third layer (130),
formed around each nozzle (131), and surrounded with
an insulator; and a second voltage controller (155) con-

figured to discharge droplets of the ink based on induced
electric force by applying voltage to the third electrode
(152).

FIG. 1
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Description

BACKGROUND OF THE INVENTION

(a) Field of the Invention

[0001] Thedisclosurerelatesto aninkjetprinthead and
a method of manufacturing the same, and more particu-
larly to aninkjet printhead and a method of manufacturing
the same, in which a multi-nozzle is used to discharge
ink in a hybrid way based on combination of a piezoelec-
tric method and aninduced electrohydrodynamic method
that discharges a charged solution by electrostatic force
induced on a liquid surface at the end of the nozzle.

(b) Description of the Related Art

[0002] Ingeneral, aninkjet printhead refers to a device
that prints an image with predetermined colors on a sur-
face of a printing medium by discharging fine droplets of
ink to a desired position on the printing medium. The
applications of the inkjet printhead have recently expand-
ed to various fields such as a liquid crystal display (LCD),
an organic light emitting device (OLED) and the like flat
panel display fields; electronic (E)-paper and the like flex-
ible display fields; metal wiring and the like printed elec-
tronics field; bio fields; and so on.

[0003] Drop-on-demand (DOD) inkjet printhead is
classified according to discharging methods into a pie-
zoelectricinkjet printhead thatdischarges ink by pressure
waves based on transformation of a piezoelectric body,
and an electrohydrodynamic inkjet printhead that dis-
charges ink by electrostatic force.

[0004] In the piezoelectric inkjet printhead, a piezoe-
lectric body vibrates a membrane to apply pressure to a
chamber containing ink, thereby discharging the ink. In
general, droplets are discharged when pressure high
enough to overcome the surface tension and viscosity of
the ink on the surface of a nozzle is applied, and pressure
applied additionally is required to be high enough to ac-
celerate the discharged droplets to a speed at which
these droplets can be accurately settled on a printing
medium. To discharge a droplet of several picoliters or
less, the piezoelectric inkjet printhead needs to reduce
transformation energy in a pressure chamber. When the
transformation energy in the pressure chamber is re-
duced, discharging energy per unit volume of the dis-
charged droplets is also reduced, and therefore a dis-
charging speed of the droplets is decreased. However,
when the discharging speed of the droplets is decreased,
a problem arises in that the droplets are not accurately
discharged to desired positions.

[0005] The piezoelectric inkjet printhead is advanta-
geous in that it is easy to control a printing job, and there
are no restrictions on the types of ink because the dis-
charging energy is based on mechanical transformation.
However, the piezoelectric inkjet printhead has difficulty
in discharging ultrafine droplets of several picoliters or
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less, and has a limitation in that the discharge of only ink
having a viscosity of about 10 cPs is possible but the
discharge of ink having a high viscosity is not possible.
Further, it is difficult to discharge big droplets of 80 pico-
liters or more due to the limitations on the discharging
energy. In particular, the piezoelectric inkjet printhead
has a limitation even though volume uniformity of dis-
charged droplets between a plurality of nozzles is very
important for applications to the processes of the printed
electronics such as a display, etc. unlike the existing
graphic printing.

[0006] On the other hand, the electrohydrodynamic
inkjet printhead provides the discharging energy by ap-
plying electrostatic force to a liquid surface of ink formed
at the end of a nozzle, and is therefore advantageous in
that the discharge of ultrafine droplets of not more than
several picoliters or femtoliters is possible and the dis-
charge of ink droplets having a high viscosity of about
1,000 cPs is possible. Besides, it is also possible to dis-
charge big droplets of 80 picoliters or more. The electro-
hydrodynamic inkjet printhead is advantageous for pre-
cise printing because a driving method is simple and the
directionality of discharged ink droplets is excellent due
to control based on distribution of an electric field formed
on the nozzle. However, the electrohydrodynamic inkjet
printhead has difficulty in cleaning the nozzle, which
needs to be performed during a process, because the
nozzle has a protruding structure for the concentration
of the electric field. An inkjet head generally secures the
stability of droplet jetting by cleaning the nozzle, which
is contaminated with the ink, through wiping or the like
process. However, it is not easy to apply such a cleaning
process to the protruding nozzle. When the droplets are
discharged by an electrohydrodynamic inkjet method, a
voltage of several hundred V to several KV is applied.
Further, a voltage controller having a very high slew rate
is required to discharge the droplets by a DOD method.
Therefore, there is a limit to discharging the droplets at
a high frequency to secure sufficient discharging energy.
It is known that the electrohydrodynamic inkjet method
has the maximum jetting frequency of about 1 kHz. How-
ever, this jetting frequency is very low as compared to
the high jetting frequency of 100 kHz the foregoing pie-
zoelectric inkjet method has.

[0007] Accordingly, there has been proposed a meth-
od of combining the foregoing two methods to minimize
the shortcomings and utilize the advantages.

[0008] Intermsof combining the two methods, an elec-
trohydrodynamic high-voltage electrode is disposed in-
side a nozzle, an ink chamber or an ink inlet. However,
contact between the ink and the electrode causes an
electro-chemical reaction that generates heat, and there-
fore problems arise in that the ink is denaturalized, bub-
bles are generated, the nozzle is clogged, etc. Further,
there have been many technical difficulties such as dif-
ficulties in processing a membrane structure of the pie-
zoelectric body, an electrode for electrohydrodynamic
inkjet driving, etc.
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[0009] In addition, there has been a problem in that
printing quality is poor because the droplets discharged
through the multi-nozzle are not uniform in size.
[Document of Related Art]

[Patent Document]

[0010] (Patent document 1) Korean Patent No.
10-0917279

SUMMARY OF THE INVENTION

[0011] Accordingly, the disclosure is conceived to
solve the foregoing problems, and an aspect of the dis-
closure is to provide an inkjet printhead and a method of
manufacturing the same, in which, as an inkjet apparatus
having a layered multi-nozzle, a pressure wave based
on oscillation of a piezoelectric body controls a liquid sur-
face at the end of the nozzle, and a droplet is discharged
by applying electrostatic force based on an induced elec-
tric field to the liquid surface, thereby overcoming viscos-
ity and surface tension to discharge ultrafine droplets or
large droplets based on combination between mechan-
ical driving force of the piezoelectric body and the elec-
trostatic force, and improving size uniformity of droplets
between the nozzles based control of the electrostatic
force for each nozzle.

[0012] The problemsto be solved by the disclosure are
not limited to those mentioned above, and other unmen-
tioned problems will become apparent to a person skilled
in the art by the following descriptions.

[0013] In accordance with an embodiment of the dis-
closure, there is provided an inkjet printhead including:
a first layer including an inlet formed to penetrate a sub-
strate and introduce ink therein, and a plurality of mem-
branes; a second layer disposed beneath the first layer,
and including a manifold formed to penetrate a substrate
and communicate with the inlet or recessed on a top of
the substrate, and a plurality of nozzle channels formed
to penetrate the substrate below the membrane and allow
the ink transferred from the manifold to flow therein; a
third layer disposed beneath the second layer, and in-
cluding a plurality of nozzles formed in a substrate and
communicating the plurality of nozzle channels; a piezo-
electric actuator formed on the first layer formed with the
membrane, and including a lower first electrode, a pie-
zoelectric body on the first electrode, and a second elec-
trode on the piezoelectric body; a first voltage controller
configured to oscillate the membrane by applying a pulse
voltage to the first electrode and the second electrode;
athird electrode disposed beneath the third layer, formed
around each nozzle, and surrounded with an insulator;
and a second voltage controller configured to discharge
droplets of the ink based on induced electric force by
applying voltage to the third electrode.

[0014] Here, the first layer may include a plurality of
chambersrecessed inward from a bottom thereof to store
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the ink and formed with the membrane above a top there-
of.

[0015] Here, the chamber may include afirst side com-
municating with the manifold, and a second side com-
municating with the nozzle channel.

[0016] Here, the inkjet printhead may further include a
hydrophobic coating layer disposed beneath an insulat-
ing layer formed the insulator and coated with a hydro-
phobic material.

[0017] Here, the hydrophobic coating layer may be
coated from an end of the nozzle to an inside of the noz-
zle.

[0018] Here, voltage applied by the first voltage con-
troller may be synchronized with voltage applied by the
second voltage controller.

[0019] Here, the second voltage controller may apply
voltage to the third electrode to discharge a droplet when
a meniscus is formed at an end of the nozzle as the first
voltage controller applies a pulse voltage between the
first electrode and the second to make the piezoelectric
actuator oscillate the membrane, and the second voltage
controller may apply a voltage having an opposite polarity
to a discharging voltage or applies a voltage of 0V after
the discharged droplet passes the third electrode.
[0020] Here, the inkjet printhead may further include a
fourth electrode disposed beneath the third electrode,
surrounded with an insulating layer, and disposed en-
compassing an outlet having a larger diameter than an
opening of the nozzle; and a third voltage controller con-
figured to apply voltage to the fourth electrode.

[0021] Here, voltage applied by the second voltage
controller may be synchronized with voltage applied by
the third voltage controller.

[0022] Here, a horizontal distance between the fourth
electrode and the nozzle may be longer than a horizontal
distance between the third electrode and the nozzle.
[0023] Here, the plurality of nozzles may be arranged
in a matrix, and the third electrodes arranged in one of a
row direction and a column direction may be electrically
connected to simultaneously receive voltage from the
second voltage controller, and the fourth electrodes ar-
ranged in the other one of the row direction and the col-
umn direction may be electrically connected to simulta-
neously receive voltage from the third voltage controller.
[0024] Here, the inkjet printhead may further include a
fifth electrode disposed between the first layer and the
second layer and surrounded with an insulating layer;
and afourth voltage controller configured to apply voltage
to the fifth electrode.

[0025] Here, the first voltage controller may apply the
same pulse voltage to the piezoelectric actuators respec-
tively corresponding to the membranes, and the second
voltage controller may apply different voltages to the third
electrodes according to the nozzles to make droplets dis-
charged from the nozzles be uniform in size.

[0026] Here, the fourth voltage controller may apply
voltage, which has an opposite polarity to the voltage of
the second voltage controller, to the fifth electrode, or
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may serve as the ground.

[0027] Here, the pulse voltage applied by the first volt-
age controller may be synchronized with the pulse volt-
age applied by the fourth voltage controller, so that elec-
trostatic force based on potential difference between the
first electrode and the fifth electrode can reinforce the
oscillation of the membrane.

[0028] Here, the third electrodes may be formed as a
single body for a plurality of nozzles.

[0029] Further, in accordance with an embodiment of
the disclosure, there is provided a method of manufac-
turing an inkjet printhead, including: manufacturing a first
layer including an inlet formed to penetrate a substrate
and introduce ink therein, and a plurality of membranes
on which a first electrode of a piezoelectric actuator is
formed, a second layer including a manifold formed to
penetrate a substrate and communicate with the inlet or
recessed on a top of the substrate, and a plurality of noz-
zle channels formed to penetrate the substrate below the
membrane and allow the ink transferred from the mani-
fold to flow therein, and a third layer including a plurality
of nozzles formed in a substrate and communicating the
plurality of nozzle channels, and a third electrode dis-
posed beneath the third layer, formed around each noz-
zle, and surrounded with an insulator; joining the first
layer, the second layer, and the third layer in sequence;
and forming a piezoelectric body and a second electrode
for a piezoelectric actuator on the first electrode.

[0030] Here, the first layer may include a plurality of
chambersrecessed inward from a bottom thereof to store
the ink and formed with the membrane above a top there-
of.

[0031] Here, the method may further include coating a
hydrophobic material on a lower layer of the insulator
when the third layer is manufactured.

[0032] Here, a hydrophobic coating layer coated with
the hydrophobic material may be coated from an end of
the nozzle to an inside of the nozzle.

[0033] Here, the method may further include forming
a fourth electrode, disposed beneath the third electrode,
surrounded with an insulator, and having a larger diam-
eter than the third electrode when the third layer is man-
ufactured.

[0034] Here, the method may further include forming
a fifth electrode disposed on the second layer and sur-
rounded with an insulator when the third layer is manu-
factured.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and/or other aspects of the disclo-
sure will become apparent and more readily appreciated
from the following description of the exemplary embodi-
ments, taken in conjunction with the accompanying draw-
ings, in which:

FIG. 1is a cross-sectional view of an inkjet printhead
according to a first embodiment of the disclosure;
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FIG.2is aview showing an operation of a membrane
based on a piezoelectric body of FIG. 1;

FIG. 3 is a view showing synchronous signals of a
first voltage controller and a second voltage control-
ler according to an embodiment of the disclosure;
FIG. 4 illustrates simulation results of meniscus
shapes according to horizontal distances between a
nozzle and a third electrode;

FIG. 5 illustrates simulation results of electric field
distributions according to vertical distances between
the nozzle and the third electrode;

FIG. 6 is a cross-sectional view of an inkjet printhead
according to a second embodiment of the disclosure;
FIG. 7 illustrates a voltage applying structure of a
third electrode and a fourth electrode, and FIG. 8
illustrates a voltage applying operation when ink is
discharged from only some nozzles among the noz-
zles;

FIG.9is a cross-sectional view of an inkjet printhead
according to a third embodiment of the disclosure;
FIG. 10 is a view showing an operation of a mem-
brane based on a piezoelectric body and a fifth elec-
trode of FIG. 9;

FIG. 11 is a cross-sectional view of an inkjet print-
head according to a fourth embodiment of the dis-
closure;

FIG. 12 is a flowchart showing a method of manu-
facturing an inkjet printhead according to an embod-
iment of the disclosure;

FIG. 13 is a view showing a method of manufacturing
a chamber layer;

FIG. 14 is a view showing a method of manufacturing
a channel layer; and

FIG. 15is a view showing a method of manufacturing
a nozzle layer.

DETAILED DESCRIPTION

[0036] Specific features of embodiments are involved
in the detailed description and the accompanying draw-
ings.

[0037] The merits and features of the disclosure, and

methods of achieving them will become apparent with
reference to the embodiments described below in detail
and the accompanying drawings. However, the disclo-
sure is not limited to the embodiments set forth herein,
but may be implemented in various forms. The following
embodiments are provided in order to fully describe the
disclosure and enable those skilled in the art, to which
the disclosure pertains, to understand the disclosure, the
scope of which is defined in the appended claims. Like
numerals refer to like elements throughout.

[0038] Below, embodiments of an inkjet printhead and
a method of manufacturing the same according to the
disclosure will be described with reference to the accom-
panying drawings.

[0039] FIG.1isacross-sectional view of an inkjet print-
head according to a first embodiment of the disclosure,
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and FIG. 2 is a view showing an operation of amembrane
based on a piezoelectric body of FIG. 1.

[0040] Aninkjetprinthead according to the firstembod-
iment of the disclosure may include a first layer 110, a
second layer 120, a third layer 130, a piezoelectric actu-
ator 140, a first voltage controller 145, an electrode (i.e.,
a third electrode 152) for electrohydrodynamic jetting,
and a second voltage controller 155.

[0041] The first layer (hereinafter, referred to as a
chamber layer) 110 may be formed with aninlet 111 into
which ink is introduced from the outside, and a plurality
of membranes 115 which oscillates by the piezoelectric
actuator 140. The inlet 111 is formed to vertically pene-
trate a substrate, which forming the chamber layer 110,
at a predetermined position, and the substrate is formed
with the thin membrane 115 having a predetermined
thickness. The inlet 111 refers to an opening through
which ink stored in an ink storage tank (not shown) flows
into the inside of the printhead.

[0042] As shown therein, a chamber 112 may be
formed as recessed inward on the bottom of the sub-
strate, and filled with the ink supplied through the inlet
111, and the membrane 115 may be formed above the
chamber 112. Although not shown, a plurality of cham-
bers 112 are spaced apart from each other in a direction
perpendicular to FIG. 1, and thus the chamber 112 and
the membrane 115 are formed corresponding to each of
a plurality of nozzles 131.

[0043] On the membrane 115 of the chamber layer
110, a first electrode 141, a piezoelectric body 142 on
the first electrode 141, and a second electrode 143 on
the piezoelectric body 142, which form the piezoelectric
actuator 140, may be stacked in sequence. Further, a
pulse voltage may be applied between the first electrode
141 and the second electrode 143 through the first volt-
age controller 145.

[0044] The first electrode 141 serves as a common
electrode, and the second electrode 143 serves as a driv-
ing electrode for applying the pulse voltage to the piezo-
electric body 142. Therefore, a plurality of second elec-
trodes 143 may be individually disposed with regard to
the plurality of nozzles 131. The piezoelectric body 142
may contain a predetermined piezoelectric material, for
example, a piezoelectric transducer (PZT).

[0045] In this case, the second electrode 143 on the
piezoelectric body 142 is formed as the common elec-
trode, and a plurality of first electrodes 141 beneath the
piezoelectric body 142 are disposed corresponding to
the plurality of nozzles 131, thereby applying the pulse
voltage.

[0046] When the firstvoltage controller 145 applies the
pulse voltage between the two electrodes 141 and 143
forming the piezoelectric actuator 140, the membrane
115 may be transformed up and down by the operation
of the piezoelectric body 142. In this case, the membrane
115 serves as a vibrating plate that generates pressure
waves in the chamber 112 based on the transformation
of the membrane 115.
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[0047] The voltage applied by the first voltage control-
ler 145 may be a pulse voltage in which a positive voltage
or a negative voltage is periodically generated having a
predetermined amplitude. Further, the voltage applied
by the first voltage controller 145 may be a pulse voltage
in which a positive voltage and a negative voltage are
periodically generated having a predetermined ampli-
tude. In addition, the voltage applied by the first voltage
controller 145 may be an alternative current (AC) voltage
having a predetermined waveform such as a sine wave,
a triangular wave, and so on.

[0048] The second layer (hereinafter, referred to as a
channel layer) 120 is disposed beneath the chamber lay-
er 110, and may include a manifold 121 formed pene-
trating a substrate having a predetermined thickness and
communicating with theinlet 111, and a plurality of nozzle
channels 122 formed penetrating the substrate and al-
lowing the ink to flow from a first side of the manifold 121.
As shown therein, a restrictor 113 is formed below a first
side of the chamber 112 to communicate with the man-
ifold 121 and communicates with the nozzle channel 122
below a second side of the chamber 112.

[0049] Therefore, the ink flowing from the outside into
the chamber layer 110 through the inlet 111 is stored in
the space of the manifold 121 formed together with the
top of the nozzle layer 130, and the ink stored in the
manifold 121 is transferred to each chamber 112 via the
restrictor 113 and then transferred to the nozzle channel
122. The nozzle channel 122 is disposed between the
chamber 112 of the chamber layer 110 and the nozzle
131 of the nozzle layer 130.

[0050] Therestrictor 113 serves to restrictthe pressure
waves traveling toward the nozzle and traveling toward
the manifold 121 due to the transformation of the piezo-
electric body 142. To this end, the cross-sectional area
of the restrictor 113 may be equal to or smaller than the
cross-sectional area of the nozzle channel 122.

[0051] In the accompanying drawings, the manifold
121 penetrates the substrate and forms a space, in which
the ink is stored, together with the top of the third layer
130. Alternatively, the manifold may be recessed on the
top of the substrate at a predetermined depth without
penetrating the substrate.

[0052] The third layer (hereinafter, referred to as the
nozzle layer 130) is disposed beneath the channel layer
120, and includes the plurality of nozzles 131 formed on
a substrate having a predetermined thickness and com-
municating with the nozzle channel 122. Through the
nozzle 131, the ink may be discharged forming a droplet
toward a printing medium (not shown) put under the noz-
zle 131.

[0053] Asshowntherein,the nozzle 131 is formed pen-
etrating the nozzle layer 130. In the nozzle layer 130, the
nozzle 131 having a relatively small diameter may be
formed in an upper portion, and an outlet 154 having a
relatively large diameter may be formed in a lower por-
tion. Therefore, openings are formed with stepped in-
crease in diameter downward while penetrating the noz-



9 EP 4 241 995 A1 10

zle layer 130. With this structure, a meniscus may be
formed at not the end of the outlet 154 but the end of the
nozzle 131 due to the operation of the piezoelectric ac-
tuator 140.

[0054] On the bottom ofthe nozzle layer 130, a plurality
of third electrodes 152 may be formed being surrounded
with an insulating layer 151. The third electrode 152 may
be formed in every nozzle 131. In this case, the third
electrode 152 may have various shapes such as a circu-
lar shape, a horseshoe shape, a quadrangular shape, a
diamond shape, etc. Preferably, the third electrode 152
may be shaped to surround all or some of the nozzles
131.

[0055] Further, the third electrodes 152 formed in the
nozzles 131 may be formed not separately but integrally.
In other words, the third electrodes 152 are formed for
the nozzles 131, and a connecting structure is formed
for connection between adjacent third electrodes 152,
thereby forming the third electrodes 152 as a single body.
Alternatively, the third electrodes 152 may be individually
formed being respectively separated from the nozzles
131.

[0056] The third electrode 152 surrounded with the in-
sulating layer 151 may be disposed beneath the bottom
ofthe nozzle layer 130 in such away that a firstinsulating
layer is formed beneath the bottom of the nozzle layer
130, the third electrode 152 is formed beneath the first
insulating layer, and a second insulating layer is formed
beneath the third electrode 152. As shown therein, when
the nozzle layer 130 is manufactured with a glass wafer,
the third electrode 152 may be disposed directly under
the nozzle layer 130 because the glass wafer is an insu-
lating material, and the insulating layer 151 may be
formed beneath the third electrode 152.

[0057] In this case, the insulating layer may be formed
not only beneath the bottom of the nozzle layer 130 but
alsoon the inner surfaces of the outlet 154 and the nozzle
131.

[0058] The third electrode 152 may be connected to
the second voltage controller 155 and receive high volt-
age.

[0059] In addition, a hydrophobic coating layer 160

coated with a hydrophobic material may be formed be-
neath the insulating layer 151. The hydrophobic coating
layer 160 may prevent the bottom of the printhead, which
is likely to come into contact with liquid, from contamina-
tion. In this case, the hydrophobic coating layer 160 may
also be formed on the inner surface of the outlet 154.
[0060] Further, as shown therein, the hydrophobic
coating layer 160 may be coated up to a predetermined
depth of the nozzle 131 inward from the end. When the
hydrophobic coating layer 160 is formed inward from the
end of the nozzle 131, a droplet can be formed inside the
nozzle 131, thereby increasing the printing stability and
showing improvement in terms of maintenance.

[0061] Inthis case, the chamberlayer 110, the channel
layer 120, and the nozzle layer 130 may be made of sil-
icon wafers. Alternatively, the channel layer 120 and the
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nozzle layer 130 may also be made of glass wafers.
[0062] As shown in FIG. 2, when the first voltage con-
troller 145 applies the pulse voltage between the first
electrode 141 and the second electrode 143 of the pie-
zoelectric actuator 140, the piezoelectric body 142 oper-
ates to oscillate the membrane 115 up and down. The
oscillation of the membrane 115 transfers a pressure
wave to the nozzle channel 122, so that a concave or
convex meniscus can be formed at the end of the nozzle
131 by negative pressure or positive pressure of the pres-
sure wave.

[0063] When the second voltage controller 155 applies
high voltage to the third electrode 152 under the condition
that the piezoelectric actuator 140 forms the convex me-
niscus at the end of the nozzle 131 with the positive pres-
sure of the pressure wave, a droplet may be discharged
from the meniscus by electrostatic force generated by
induced charges. When the membrane 115 is moved up
by the piezoelectric actuator 140 and the chamber 112
is increased in volume, the change in pressure causes
the ink stored in the manifold 121 to flow into the chamber
112 through the restrictor 113.

[0064] Voltage applied to the third electrode 152 may
be a positive or negative voltage having a predetermined
amplitude. Alternatively, the voltage may be applied in
the form of pulses, and thus synchronized with the pres-
sure waves of the piezoelectric body 142. Alternatively,
an AC voltage alternating between a positive voltage and
anegative voltage may be applied, so that electric charg-
es for discharging a droplet can be stabilized at the end
of the nozzle 131. Alternatively, a constant bias voltage
may be applied to the third electrode 152. In an electro-
hydrodynamicinkjet apparatus thatuses the electrostatic
force to discharge a droplet, there is an on-set voltage
with which the droplet starts being discharged with re-
spect to the nozzle 131 having a specific size and the ink
having a specific dielectric constant. The bias voltage
may be equal to or lower than the on-set voltage.
[0065] As shownin FIG. 3, the second voltage control-
ler 155 may apply high voltage to the third electrode 152
from time when the meniscus at the end of the nozzle
131 starts becoming convex by positive pressure as the
first voltage controller 145 applies a voltage pulse for
driving the piezoelectric body 142 and the pressure wave
is transferred to the end of the nozzle 131. In other words,
when the surface of liquid at the end of the nozzle 131
forms a convex meniscus, electrohydrodynamic dis-
charge may actually start. The discharge in a given noz-
zle 131 may begin as an electric field is applied to a sur-
rounding area of the nozzle 131 by the third electrode
152. Preferably, the electric field is generated by differ-
ence in electric potential between the ink grounded or
charged with specific polarity and the third electrode 152.
The ink does not need to be grounded, but may be
grounded to make the ink including charged particles or
the like have uniform potential difference.

[0066] Due to an electric field generated when high
voltage is applied to the third electrode 152, the surface



11 EP 4 241 995 A1 12

of the ink forming the convex meniscus may be charged.
By interaction between the charged ink meniscus and
the electric field, force is generated to change the shape
of the meniscus. When the electric field is strengthened
to make the convex meniscus become more convex by
increasing the potential difference between the third elec-
trode 152 and the ink until stress electrically induced on
the meniscus overcomes the surface tension of the ink,
the discharge of the droplet may occur.

[0067] In this case, although not shown, a separate
electrode for generating the electric field together with
the third electrode 152 may be additionally provided un-
der a printing medium.

[0068] As shown in (a) of FIG. 3, the voltage applied
to the third electrode 152 may be controlled to fall to OV
after a droplet is detached from the meniscus formed at
the end of the nozzle 131 by the voltage V applied to the
third electrode 152 and passes the third electrode 152.
Alternatively, as shown in (b) of FIG. 3, the applied volt-
age may be controlled to have the opposite polarity (-V’)
after a droplet is detached from the meniscus formed at
the end of the nozzle 131 by the voltage V applied to the
third electrode 152 and passes the third electrode 152.
[0069] If voltage having the same polarity is continu-
ously applied to the third electrode 152 even after the
droplet passes the third electrode 152, force of attraction
acts to pull the droplet in the opposite direction to the
discharging direction, thereby making the move of drop-
lets unstable and causing wetting. Thus, according to the
disclosure, the voltage applied to the third electrode 152
is controlled to fall to OV or to have the opposite polarity
after the droplet passes the third electrode 152, thereby
solving the foregoing problems. When the voltage having
the opposite polarity is applied after the droplet passes
the third electrode 152, force of repulsion may act on the
droplet by the third electrode 152.

[0070] Therefore, according to the disclosure, as
shown in FIG. 3, the first voltage controller 145 and the
second voltage controller 155 may apply synchronized
voltages to the two electrodes 141 and 142 of the piezo-
electric actuator 140 and the third electrode 152, respec-
tively.

[0071] In more detail with respect to the synchroniza-
tion, when defined that the pulse time applied from the
first voltage controller 145 is t1, the waiting time until the
next pulse voltage is applied is t6, the time between when
the pulse voltage is applied from the first voltage control-
ler 145 and the voltage is applied from the second voltage
controller 155 is t2, the pulse time applied from the sec-
ond voltage controller 155 is t3 ((a) of FIG. 3), and when
an AC voltage is applied from the second voltage con-
troller 155 ((b) of FIG. 3) a pulse time of one polarity is
t4, and a pulse time of the opposite polarity is t5,
[0072] Since the basic meniscus is formed by the volt-
age applied from the first voltage controller 145 and the
droplet is jetted by the voltage applied from the second
voltage controller 155, it must be synchronized with the
following conditions.
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(Mt +t6>t2+t3 ort1 +16 > 12 + t4+t5
2)t1>t2

(3) t3 or t4 is applied until the droplet is formed
(4) t4 <13, t5 accelerates the droplet

[0073] According to the disclosure, the third electrode
152 is formed below the nozzle 131 and separated from
the nozzle 131 by the insulating layer 151. Therefore, the
insulating layer 151, by which the third electrode 152 and
the ink can be separated, prevents an oxidation-reduc-
tion reaction between the ink and the third electrode 152
when high voltage is applied to the third electrode 152,
and solves problems such as heat generation, ink denat-
uralization, bubble generation, nozzle clogging, etc. due
to the oxidation-reduction reaction.

[0074] Although the third electrode 152 separated by
the insulating layer 151 does not directly apply electric
charges to a liquid surface of the nozzle 131, itis possible
to concentrate induced charges on the liquid surface of
the nozzle. Therefore, according to the disclosure, the
droplets are discharged toward the printing medium by
electrostatic force generated by induced charges when
high voltage is applied to the third electrode 152.
[0075] According to the disclosure, the nozzle 131 is
provided as a multi-nozzle. The droplets discharged
through the multi-nozzle may be different in size from
each other. A conventional inkjet printhead using only
the driving force of the piezoelectric body is capable of
discharging droplets at an ultrahigh frequency of 100
kHz, but has a problem in that deviation in size between
the droplets from the multi-nozzle is large. Accordingly,
a drive per nozzle (DPN) inkjet printhead has been de-
veloped to individually control the piezoelectric body for
each nozzle, but problems arise in that there is difficulty
in the individual control, and it is difficult to optimize the
shape of pulses for controlling the piezoelectric body for
each nozzle. On the other hand, according to the disclo-
sure, the first voltage controller 145 controls voltage to
be equally applied to the piezoelectric actuators 140 re-
spectively corresponding to the nozzles 131, and the sec-
ond voltage controller 155 controls the voltage applied
to the third electrode 152 to be different in level and fre-
quency according to the nozzles 131, thereby controlling
the droplets discharged from the multi-nozzle to be un-
forminsize. Itis much simpler to control the size ofdroplet
based on the level of high voltage applied to the third
electrode 152 than to control each pulse voltage for the
piezoelectric actuator 140.

[0076] According to the disclosure, the diameter of the
droplet may be considerably smaller than the diameter
of the nozzle 131 from which the droplet is discharged.
In general, the convex meniscus has a diameter given
as the outer diameter of the entrance of the nozzle 131.
According to the disclosure, the diameter of the droplet
may be adjusted within a range from about 1/20 of the
diameter of the nozzle 131 to the same diameter as the
nozzle 131, by adjusting the voltage applied to the nozzle
131. However, in principle, a droplet smaller than 1/20



13 EP 4 241 995 A1 14

of the diameter of the nozzle 131 may also be producible.
Depending on change in voltage, a droplet is varied in
size. The droplet is increased in diameter as voltage in-
creases between the minimum extraction voltage at
which the applied voltage is needed for discharging the
droplet and an extraction voltage approximately twice the
minimum extraction voltage, and a diameter change rate
of the droplet is decreased as the extraction voltage in-
creases.

[0077] The use of the nozzle 131 having a large diam-
eter to produce much smaller droplets has various ad-
vantages. First, itis much easier to manufacture the noz-
zle 131 having a large diameter by the existing manufac-
turing method. Lowe resolution requirements may have
a significant effect on costs and time required for manu-
facturing the printhead. Next, it is much faster to print a
structure on a predetermined area of the substrate at a
given resolution through the nozzle 131 having a large
diameter. Further, when the discharged droplet has a
diameter considerably smaller than the diameter of the
nozzle 131, the discharging amount and the droplet size
are much less affected by change in voltage. Accordingly,
the droplets deposited by the nozzles 131 can have the
same diameter and be discharged atthe same frequency
even though there is a slight difference in diameter be-
tween the manufactured nozzles 131. Besides, the noz-
Zles are free from being clogged with contaminants or
ink attached to and dried on the printhead. In addition, it
is easierto clean the nozzle 131 having a larger diameter.
[0078] Asshownin FIG. 1, the third electrode 152 may
be formed encompassing the nozzle 131 below the end
of the nozzle 131. FIG. 4 shows simulation results of ef-
fects on a liquid surface of a meniscus according to hor-
izontal distances b between the third electrode 152 and
the nozzle 131. When the horizontal distance b between
the third electrode 152 and the nozzle 131 gets shorter
into 50 um, 30 um and 10 um, wetting effects are in-
creased as the third electrode 152 more attracts the edg-
es of the meniscus. Therefore, the horizontal distance b
between the third electrode 152 and the nozzle 131
needs to be designed to be greater than or equal to a
predetermined minimum distance in order to prevent the
wetting effects due to the force of attraction of the third
electrode 152. In this case, the minimum distance may
increase as the diameter of the nozzle 131 increases.
[0079] FIG. 5 shows simulation results of effects on
distribution of an electric field according to vertical dis-
tances a between the third electrode 152 and the end of
the nozzle 131. As the vertical distance a between the
third electrode 152 and the nozzle 131 gets shorter, the
droplet discharging energy increases due to the effects
of the electric field but the concentration of the electric
field decreases (see (a) in FIG. 5). On the other hand,
as the vertical distance a between the third electrode 152
and the nozzle 131 gets longer, the droplet discharging
energy decreases but the concentration of the electric
fieldincreases (see (b)in FIG.5). When the concentration
of the electric field decreases, the droplet may become
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unstable. Accordingly, the optimum vertical distance a
between the third electrode 152 and the nozzle 131 is
designed by taking the discharging energy of the droplet
and the concentration of the electric field into account.
[0080] Further,the vertical distance a between the third
electrode 152 and the nozzle 131 is much shorter than
the distance between the printhead and the printing me-
dium. Therefore, a strong electric field is locally formed
around the nozzle 131 by not the distance between the
printhead and the printing medium but the third electrode
152,

[0081] Below, an inkjet printhead according to a sec-
ond embodiment of the disclosure will be described with
reference to FIGS. 6 to 8.

[0082] FIG.6is across-sectional view of an inkjet print-
head according to a second embodiment of the disclo-
sure, FIG. 7 illustrates a voltage applying structure of a
third electrode and a fourth electrode, and FIG. 8 illus-
trates a voltage applying operation when ink is dis-
charged from only some nozzles among the nozzles.
[0083] Interms of describing the second embodiment,
descriptions will be made focusing on differences from
the foregoing embodiment.

[0084] Even in this embodiment, the inkjet printhead
has a three-layered structure of the chamber layer 110,
the channel layer 120 and the nozzle layer 130.

[0085] As described above, the third electrode 152
coated with the insulating layer 151 is disposed beneath
the bottom of the nozzle layer 130. The third electrode
152 and a fourth electrode 153 are all disposed inside
the insulating layer 151 beneath the nozzle layer 130, in
which the fourth electrode 153 is disposed below and
spaced apart from the third electrode 152, and the hori-
zontal distance between the fourth electrode 153 and the
nozzle 131 is designed to be longer than the horizontal
distance between the third electrode 152 and the nozzle
131.

[0086] The hydrophobic coating layer 160 coated with
a hydrophobic material may be formed beneath the in-
sulating layer 151 surrounding the third electrode 152
and the fourth electrode 153.

[0087] A third voltage controller 157 applies voltage to
the fourth electrode 153.

[0088] When a droplet is formed and discharged by
induced electrostatic force of the third electrode 152 and
the pressure wave caused by the piezoelectric body 142
as the first voltage controller 145 applies voltage to the
electrodes 141 and 143 of the piezoelectric actuator 140
and the second voltage controller 155 applies voltage to
the third electrode 152, the third voltage controller 157
applies voltage for forming the electrostatic force to the
fourth electrode 153, thereby narrowing a discharging
angle of droplets and reinforcing a discharging speed. In
this case, the voltage applied to the fourth electrode 153
is synchronized to have the same phase as the voltage
applied to the third electrode 152.

[0089] The vertical distance between the third elec-
trode 152 and the end of the nozzle 131 is much shorter
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than the distance between the printhead and the printing
medium. Therefore, a strong electric field is locally
formed around the nozzle 131 by not the distance be-
tween the printhead and the printing medium but the third
electrode 152.

[0090] By limiting the width of the third electrode 152,
it is possible to limit the area of the strong electric field
to a place where the individual nozzles 131 is positioned,
in a transverse direction, and narrow the distance be-
tween the nozzles 131. However, when the distance from
the neighboring third electrodes 152 becomes closer, the
electric field of the neighboring nozzle 131 may be af-
fected. Thus, the fourth electrode 153 is useful for pre-
venting the non-uniformity and transverse deflection of
the electric field as affected by the electric field from the
neighboring third electrode 152.

[0091] The third electrode 152 needs to have the same
polarity and a preferably higher amplitude as compared
to extraction potential applied to liquid potential while the
droplets are discharged, with regard to the droplets dis-
charged as accelerated in an intended direction, i.e., a
discharging direction. The accelerating electric field may
be accurately orthogonal to the surface of the printing
medium or the printhead, so that the droplet can be ac-
celerated in a direction perpendicular to the surface of
the printhead without being deflected in the transverse
direction.

[0092] Voltage applied to the fourth electrode 153 may
be a direct current (DC) voltage, and may preferably be
given in the form of a continuous signal having a constant
or variable amplitude. Alternatively, the applied voltage
may be an AC voltage, and may preferably be given in
the form of a periodic function having a 20 Hz to 20 kHz.
[0093] The inkjet printhead according to the disclosure
may include the plurality of nozzles 131 arranged in a
row direction and a column direction, forming a matrix.
FIG. 7 shows an example that the nozzles 131 are ar-
ranged in a matrix having three rows and seven columns,
but the arrangement of the nozzles 131 is not limited to
this example.

[0094] Under the nozzles 131, the third electrode 152
and the fourth electrode 153 surrounded with the insu-
lating layer 151 may be arranged. In this case, the plu-
rality of third electrodes 152 arranged in one of the row
and column directions may be electrically connected in
a straight line. FIG. 7 shows that seven third-electrodes
152 are electrically connected in the row direction, and
thus three rows a, b and c of third electrodes 152 are
connected to the second voltage controller 155. Likewise,
the fourth electrodes 153 arranged in one of the row and
column directions may be electrically connected in a
straight line. In this case, the third electrodes 152 and
the fourth electrodes 153 are arranged being orthogonal
to each other. When the third electrodes 153 are electri-
cally connected in the row direction, the fourth electrode
153 may be electrically connected in the column direc-
tion. InFIG. 7, three fourth electrodes are electrically con-
nected in the column direction, and thus seven columns
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1, 2, 3, 4, 5, 6 and 7 of fourth electrodes 153 are con-
nected to the third voltage controller 157.

[0095] If the plurality of third electrodes 152 and the
plurality of fourth electrodes 153 are individually connect-
ed to the second voltage controller 155 and the third volt-
age controller 157, a voltage connection structure (cir-
cuit) may be complicated. The complicated voltage con-
nection structure increases the distance between the
nozzles 131, so that the plurality of nozzles 131 cannot
be compactly arranged. Furthermore, when high voltage
is individually applied to the third electrodes 152 and the
fourth electrodes 153, the voltage controllers 155 and
157 may be burdened in terms of their capacities. On the
other hand, according to the disclosure, the plurality of
third electrodes 152 and the plurality of fourth electrodes
153 are electrically connected in the row direction or the
column direction, thereby simplifying the voltage connec-
tion structure and lessening the burdens of the voltage
controllers 155 and 157 in terms of capacity.

[0096] To discharge droplets through some nozzles
131 among the plurality of arranged nozzles 131, voltage
may be applied to lines connected to the electrodes 152
and 153 corresponding to these nozzles 131. For exam-
ple, to discharge the droplets through only the nozzles
131 marked in black among the plurality of nozzles 131
as shown in FIG. 8, the second voltage controller 155
and the third voltage controller 157 may apply voltage to
the lines b, c, 1, 2 and 3 electrically connected to the third
electrodes 152 and the fourth electrodes 153 corre-
sponding to the marked nozzles 131. In other words, the
lines b, c, 1, 2 and 3 may be on, but the lines a, 4, 5, 6
and 7 may be off. In this case, only the piezoelectric ac-
tuators 140 corresponding to the nozzles 131 marked in
black are operated, and the piezoelectric actuators 140
corresponding to the other nozzles 131 are not operated,
so thatthe droplets can be controlled not to be discharged
from the other nozzles 131 (marked with a dotted line)
to which voltage is applied while the voltage is applied
to the lines b, ¢, 1, 2 and 3.

[0097] Below, an inkjet printhead according to a third
embodiment of the disclosure will be described with ref-
erence to FIGS. 9 and 10.

[0098] FIG. 9 is a cross-sectional view of the inkjet
printhead according to the third embodiment of the dis-
closure, and FIG. 10 is a view showing an operation of
a membrane based on a piezoelectric body and a fifth
electrode of FIG. 9.

[0099] Interms of describing the third embodiment, de-
scriptions will be made focusing on differences from the
foregoing embodiments.

[0100] Even in this embodiment, the inkjet printhead
has a three-layered structure of the chamber layer 110,
the channel layer 120 and the nozzle layer 130.

[0101] Ascompared withthe firstembodiment, thisem-
bodiment may additionally include a fifth electrode 171
surrounded with an insulating layer 170 and disposed on
the channel layer 120. Therefore, the fifth electrode 171
surrounded with the insulating layer 170 may be disposed
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between the chamber layer 110 and the channel layer
120.

[0102] A fourth voltage controller 175 applies voltage
to the fifth electrode 171.

[0103] While the plurality of third electrodes 152 are
individually and respectively disposed for the nozzles
131, the fifth electrode 171 in this embodiment may form
acommon electrode with regard to the plurality of nozzles
131. The fifth electrode 171 reinforces induced electric
force by the third electrode 152, thereby assisting the ink
in forming the meniscus. Actual triggering of droplet de-
tachment may be caused by potential difference from the
electrostatic force applied to the third electrode 152. With
the fifth electrode 171, itis possible to decrease the min-
imum extraction voltage of the third electrode 152.
[0104] The fifth electrode 171 may be used for gener-
ating potential difference from the electrostatic force of
the third electrode 152. Optionally, the fifth electrode 171
may receive voltage having the opposite polarity to that
of the voltage applied to the third electrode 152, or may
serve as the ground for the ink.

[0105] Further, the fifth electrode 171, together with
the first electrode 141 of the piezoelectric actuator 140,
generates the electrostatic force so that the membrane
115 can oscillate based on the electrostatic force. The
electrostatic force between the first electrode 141 and
the fifth electrode 171 may be added to the driving force
of the piezoelectric body 142. Therefore, it is possible to
reinforce the oscillation of the membrane 115 and pre-
cisely control the discharging force based on the oscilla-
tion of the membrane 115.

[0106] Below, an inkjet printhead according to a fourth
embodiment of the disclosure will be described with ref-
erence to FIG. 11.

[0107] FIG. 11 is a cross-sectional view of the inkjet
printhead according to the fourth embodiment of the dis-
closure.

[0108] In terms of describing the fourth embodiment,
descriptions will be made focusing on differences from
the foregoing embodiments.

[0109] Even in this embodiment, the inkjet printhead
has a three-layered structure of the chamber layer 110,
the channel layer 120 and the nozzle layer 130.

[0110] Inthisembodiment, the fourth electrode 153 ac-
cording to the second embodiment may be additionally
provided. As described above, the third electrode 152
coated with the insulating layer 151 is disposed beneath
the nozzle layer 130. The third electrode 152 and the
fourth electrode 153 are all disposed inside the insulating
layer 151 beneath the nozzle layer 130, in which the
fourth electrode 153 is disposed below and spaced apart
from the third electrode 152, and the horizontal distance
between the fourth electrode 153 and the nozzle 131 is
designed to be longer than the horizontal distance be-
tween the third electrode 152 and the nozzle 131.
[0111] The hydrophobic coating layer 160 coated with
a hydrophobic material may be formed beneath the in-
sulating layer 151 surrounding the third electrode 152
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and the fourth electrode 153.

[0112] The third voltage controller 157 applies voltage
to the fourth electrode 153.

[0113] When a droplet is formed and discharged by
induced electrostatic force of the third electrode 152 and
the pressure wave caused by the piezoelectric body 142
as the first voltage controller 145 applies voltage to the
electrodes 141 and 143 of the piezoelectric actuator 140
and the second voltage controller 155 applies voltage to
the third electrode 152, the third voltage controller 157
applies voltage for forming the electrostatic force to the
fourth electrode 153, thereby narrowing a discharging
angle of droplets and reinforcing a discharging speed. In
this case, the voltage applied to the fourth electrode 153
is synchronized to have the same phase as the voltage
applied to the third electrode 152.

[0114] The vertical distance between the third elec-
trode 152 and the end of the nozzle 131 is much shorter
than the distance between the printhead and the printing
medium. Therefore, a strong electric field is locally
formed around the nozzle 131 by not the distance be-
tween the printhead and the printing medium but the third
electrode 152.

[0115] Further, in this embodiment, the fifth electrode
171 according to the third embodiment may be addition-
ally provided.

[0116] In more detail, the fifth electrode 171 coated
with the insulating layer 170 may be additionally disposed
on the channel layer 120. Therefore, the insulating layer
170 may be disposed between the chamber layer 110
and the channel layer 120.

[0117] The fourth voltage controller 175 applies volt-
age to the fifth electrode 171.

[0118] Thus, according to this embodiment, the force
of the pressure wave based on the oscillation of the pi-
ezoelectric body 142 by the first voltage controller 145
and the piezoelectric actuator 140, the force of induced
electrostatic force by the second voltage controller 155
and the third electrode 152, the auxiliary force of the in-
duced electrostatic force by the third voltage controller
157 and the fourth electrode 153, and the force of the
pressure wave based on the induced electrostatic force
or the electrostatic force by the fourth voltage controller
175 and the fifth electrode 171 are combined to produce
the droplet at the end of the nozzle 131 and discharge
the droplet while precisely controlling the discharging
speed and direction of the droplet.

[0119] Below, a method of manufacturing an inkjet
printhead according to an embodiment of the disclosure
will be described with reference to FIGS. 12 to 15.
[0120] FIG. 12is aflowchartshowing a method of man-
ufacturing an inkjet printhead according to an embodi-
ment of the disclosure, FIG. 13 is a view showing a meth-
od of manufacturing a chamber layer, FIG. 14 is a view
showing a method of manufacturing a channel layer, and
FIG. 15 is a view showing a method of manufacturing a
nozzle layer.

[0121] The method of manufacturing the inkjet print-
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head according to an embodiment of the disclosure in-
cludes the steps of manufacturing the chamber layer 110
(or afirstlayer), the channellayer 120 (or a second layer),
and the nozzle layer 130 (or a third layer) (S10); joining
the chamber layer 110, the channel layer 120, and the
nozzle layer 130 (S20); and forming the piezoelectric
body 142 and the second electrode 143 of the piezoe-
lectric actuator 140 on the chamber layer 110 (S30).
[0122] The step of manufacturing the chamber layer
110 is illustrated in FIG. 13.

[0123] The chamber layer 110 may be manufactured
with a silicon-on-insulator (SOI) wafer S. The thickness
of the SOI wafer S is adjusted to a designed value by a
chemical mechanical planarization (CMP) process, and
then Siis etched by a photo process and an etching proc-
ess to process the plurality of chambers 112, thereby
forming the membrane 115 on each chamber 112. Fur-
ther, the inlet 111 is formed to penetrate the SOl wafer
S. Next, a lower electrode of the piezoelectric actuator
140, i.e., thefirst electrode 141 is formed on the chamber
layer 110 by using a shadow mask and a sputter.
[0124] The step of manufacturing the channel layer
120 is illustrated in FIG. 14.

[0125] The channel layer 120 may be manufactured
with either an Si wafer S or a glass wafer S. In the case
ofthe Siwafer S, the photo process and the etching proc-
ess may be used like the method of manufacturing the
chamber layer 110 when the manifold 121 and the plu-
rality of nozzle channels 122 are formed. In this case,
the channel layer 120 is manufactured to have a thick-
ness of 400 um to 500 um. In the case of using the glass
wafer S, etching may be performed using a sand blast
for chemical or physical etching. The induced electrostat-
ic force may be reinforced by adding the fifth electrode
171 surrounded with the insulating layer 170 onto the
channel layer 120, and the oscillation of the membrane
115 may be reinforced by the electrostatic force.

[0126] In this case, the fifth electrode 171 may be in-
sulated by a dielectric material. After depositing the in-
sulating layer 170 of SiOz on the wafer of the channel
layer 120, the shadow mask is aligned and the spultter is
used to form a metal layer (i.e., the fifth electrode 171).
Next, the metal layer is protected with the insulating layer
170 of SiO,, so as not to be in direct contact with the ink.
In the case of the glass wafer S, the shadow mask and
the sputter are directly used to deposit the metal layer
because the glass wafer S itself is an insulating material,
and then the metal layer is protected by depositing the
insulating layer 170 on the entire surface of the metal
layer so as not to be in contact with ink.

[0127] In the foregoing first and second embodiments,
the insulating layer 170 and the fifth electrode 171 may
be omitted.

[0128] The step of manufacturing the nozzle layer 130
is illustrated in FIG. 15.

[0129] The method of manufacturing the nozzle layer
130 is similar to the method of manufacturing the cham-
berlayer 110. The nozzle layer 130 may be manufactured
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with a Siwafer S. For more precis manufacturing, an SOI
wafer S may be used. A glass wafer may also be used.
The nozzle layer 130 may be manufactured to have a
thickness of 200 ,um to 400 ,um. On the top of the wafer
S, the photo process and the etching process are used
to form a channel for the nozzle 131. Then, the outlet 154
is formed by applying the photo process and the etching
process to the bottom of the wafer S. The size of nozzle
131 may be varied depending on the size of droplets to
be discharged. To discharge droplets of several picoliters
or less, i.e., ultrafine droplets. The nozzle 131 may have
adiameter of 10 um or less. To discharge large droplets,
the nozzle 131 may have a diameter of 50 ,um or more.
The bottom of the nozzle layer 130 may be protected with
the insulating layer 151. For example, SiOz may be de-
posited on the bottom of the nozzle layer 130. In this
case, the insulating layer 151 may be formed encom-
passing the inside of the outlet 154 and the inside of the
nozzle 131.

[0130] The third electrode 152 for forming the induced
electrostatic force may be formed beneath the nozzle
layer 130. In this case, the third electrode 152 is sur-
rounded with the insulating layer 151 so as not to be in
contact with ink. As described above, the third electrodes
152 in this case may be integrally formed for the plurality
of nozzles 131 or may be individually separated for the
nozzles 131.

[0131] When the second voltage controller 155 applies
voltage to the third electrode 152, charges are induced
in the ink inside the nozzle 131 and thus droplets are
discharged through the opening of the nozzle 131 by the
electric field around the nozzle 131. In this case, DC volt-
age, DC pulse voltage, or AC voltage may be applied to
the third electrode 152. The droplets may be discharged
by a process that charges induced in the ink are contin-
uously dissipated and induced again, and this process
may be electrically construed as the flow of the induced
current.

[0132] When the piezoelectric body 142 is operated by
the continuous DC voltage and the pulse applied to the
piezoelectric body 142 to discharge droplets, the droplets
hit the printing medium while dissipating the induced
charges, and it is therefore possible to discharge the
droplets. In this case, the DC voltage may be lower than
or equal to an onset voltage of when the droplet is dis-
charged by only the electrostatic force.

[0133] Even when the droplets are continuously dis-
charged by applying the DC pulse to the third electrode
152 and operating the piezoelectric body 142, the gen-
eration of induced charges based on the generation and
discharge of the droplets may be continued.

[0134] Interms of the induced charges, the most pref-
erable voltage is the AC voltage. When positive and neg-
ative charges are alternately generated, it is easier to
continuously generate the induced charges. However,
even when the DC voltage is applied, continuous ink op-
eration is possible as described above without any prob-
lems because the induced charges are dissipated and
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new charges are induced in the ink as the droplets are
discharged.

[0135] The third electrode 152 is formed to surround
the nozzle 131 by depositing the electrode layer on the
insulating layer 151 formed beneath the nozzle layer 130,
and then applying the photo process and the etching
process to the deposited electrode layer. In this case,
the third electrode 152 may have various shapes such
as a circular shape, a horseshoe shape, a quadrangular
shape, a diamond shape, etc. as long as it can surround
all or some of the nozzles 131. When it is assumed that
the third electrode 152 has the circular shape, the inner
diameter of the third electrode 152 may be larger than or
equal to the outer diameter of the nozzle 131. By depos-
iting the insulating layer 151 on the processed third elec-
trode 152, the third electrode 152 may be disposed to be
surrounded with the insulating layer 151. SiO,, SiN,,, etc.
may be deposited as the insulating layer, and polyimide
or the like polymer layer may be deposited.

[0136] When the nozzle layer 130 is made of an insu-
lating material, i.e., the glass wafer, the third electrode
152 may be directly formed beneath the nozzle layer 130
without the insulating layer, and the insulating layer 151
may be formed beneath the third electrode 152, as shown
in FIG. 15. In this case, the insulating layer 151 may be
formed even inside the outlet 154 and the nozzle 131.
[0137] Further, the fourth electrode 153 may be addi-
tionally formed below the third electrode 152 surrounded
with the insulating layer 151, and the insulating layer 151
may be applied below the fourth electrode 153.

[0138] Next, to have a water repellent effect, the hy-
drophobic coating layer 160 made of hydrophobic mate-
rial based on a fluoropolymer may be formed beneath
the insulating layer 151. The water repellent layer may
be formed by a spray coating method, an e-beam evap-
orator, a sputter or the like vacuum deposition.

[0139] The hydrophobic coating layer 160 may be
formed inward up to a predetermined depth from the end
of the nozzle 131. When the hydrophobic coating layer
160 is formed, the hydrophobic coating layer 160 is coat-
ed while air is sprayed through the nozzle 131. In this
case, the depth, up to which the hydrophobic coating
layer 160 is coated on the inside of the nozzle 131, may
be controlled according to the speeds of sprayed air.
[0140] Asdescribed above, the chamberlayer110,the
channel layer 120, the nozzle layer 130 are individually
manufactured, and thenthe chamberlayer 110, the chan-
nel layer 120, and the nozzle layer 130 are jointed to-
gether. First, the chamberlayer 110 and the channel layer
120 are joined by anodic bonding, and then the nozzle
layer 130 is joined beneath the channel layer 120 by
anodic bonding.

[0141] When both the two layers to be joined are man-
ufactured with the silicon wafer, they may be joined by
direct bonding. Further, when the channel layer 120 is
manufactured with the glass wafer, the anodic bonding
may be used. When the channel layer 120 is manufac-
tured with the Si wafer, Si direct bonding may be used.
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[0142] Next, the lower electrode (i.e., thefirst electrode
141) of the piezoelectric actuator 140 is formed on the
completed device. The piezoelectric body 142 is formed
on the first electrode 141, and the second electrode 143
is deposited on the piezoelectric body 142, thereby com-
pleting the piezoelectric actuator 140. The piezoelectric
body 142 may be fixed as a bulk piezoelectric body 142
onto the membrane 115 of the chamber layer 110 by
bonding. Alternatively, the sputter may be used to deposit
the piezoelectric body 142, and then the photo and etch-
ing processes may be performed. Alternatively, screen
printing or the like printing method may be used to apply
a material of the piezoelectric body 142, thereby forming
the layer of the piezoelectric body 142.

[0143] In the foregoing inkjet printhead according to
the disclosure and the method of manufacturing the
same, electrostatic force induced in a meniscus, which
is formed at the end of the nozzle by the pressure wave
based on the operation of the piezoelectric body, is used
to generate droplets, and it is thus possible to generate
stronger discharging force than that of the inkjet print-
head based on the operation of the piezoelectric body,
thereby having advantages in that ink having a viscosity
of 30 cP higher than 10 cP, which is the viscosity the ink
dischargeable by the conventional inkjet printhead has,
is dischargeable and even ink having a viscosity of 100
cP or higher is also dischargeable

[0144] Further, discharging power is so strong that
droplets can be discharged even when the diameter of
the nozzle is smaller than that of the conventional inkjet
printhead, thereby having advantages in that ink droplets
can be discharged at a femtoliter level (for reference, it
is difficult for a conventional inkjet printhead to stably
discharge droplets of not more than 1 picoliter (i.e., a
diameter of 12.4 um)).

[0145] Further, the nozzles of the multi-nozzle are con-
trolled to be different in the level of the high voltage ap-
plied to the electrode for electrohydrodynamic jetting
while an electric signal for driving the piezoelectric body
is maintained constant, thereby having advantages in
that the droplets discharged through the nozzles can be
uniform in size.

[0146] Further, the fourth electrode is additionally dis-
posed beneath the third electrode, thereby having ad-
vantageous in the discharging force and direction are
more precisely controlled.

[0147] Further, the fifth electrode is additionally dis-
posed between the channel layer and the chamber layer,
thereby having advantageous in that the induced elec-
trostatic force of the third electrode is reinforced or the
oscillation of the membrane is strengthened by the elec-
trostatic force acting between the first electrode and the
fifth electrode.

[0148] Although detailed embodiments of a fluidic lens
with a variable focal length according to the disclosure
have been described, the disclosure is not limited to such
detailed embodiments. Various changes and modifica-
tions can be made by a person having ordinary knowl-
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edge in the art without departing from the spirit and scope
of the invention defined in the appended claims.

Claims

1.

A inkjet printhead, characterized in comprising:

a first layer (110) comprising an inlet (111)
formed to penetrate a substrate and introduce
ink therein, and a plurality of membranes (115);
a second layer (120) disposed beneath the first
layer (110), and comprising a manifold (121)
formed to penetrate a substrate or to be re-
cessed on a top of the substrate to communicate
with the inlet (111), and a plurality of nozzle
channels (122) formed to penetrate the sub-
strate below the membrane (115) and allow the
ink transferred from the manifold (121) to flow
therein;

a third layer (130) disposed beneath the second
layer (120), and comprising a plurality of nozzles
(131) formed in a substrate and communicating
the plurality of nozzle channels (122);

a piezoelectric actuator (140) formed on the first
layer (110) formed with the membrane (115),
and comprising a lower first electrode (141), a
piezoelectric body (142) on the first electrode
(141), and a second electrode (143) on the pie-
zoelectric body (142);

a first voltage controller (145) configured to os-
cillate the membrane (115) by applying a pulse
voltage to the first electrode (141) and the sec-
ond electrode (143);

a third electrode (152) disposed beneath the
third layer (130), formed around each nozzle
(131), and surrounded with an insulator; and

a second voltage controller (155) configured to
discharge droplets of the ink based on induced
electric force by applying voltage to the third
electrode (152).

The inkjet printhead of claim 1, wherein the first layer
(110) comprises a plurality of chambers (112) re-
cessed inward from a bottom thereof to store the ink
and formed with the membrane (115) above a top
thereof,

the chamber (112) communicates with the manifold
(120) at a first side and communicates with the noz-
zle channel (122) at a second side.

The inkjet printhead of claim 1, further comprising a
hydrophobic coating layer (160) disposed beneath
an insulating layer (151) formed the insulator and
coated with a hydrophobic material.

The inkjet printhead of claim 3, wherein the hydro-
phobic coating layer (160) is coated from an end of
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the nozzle (131) to an inside of the nozzle (131).

The inkjet printhead of claim 1, wherein voltage ap-
plied by the first voltage controller (145) is synchro-
nized with voltage applied by the second voltage
controller (155).

The inkjet printhead of claim 5, wherein

the second voltage controller (155) applies volt-
age to the third electrode (152) to discharge a
droplet when a meniscus is formed at an end of
the nozzle (131) as the first voltage controller
(145) applies a pulse voltage between the first
electrode(141) and the second electrode (143)
tomake the piezoelectric actuator (140) oscillate
the membrane (115) , and

the second voltage controller (155) applies a
voltage having an opposite polarity to a dis-
charging voltage to the third electrode (152) or
applies a voltage of 0V to the third electrode
(152) after the discharged droplet passes the
third electrode (152).

7. The inkjet printhead of claim 1, further comprising:

a fourth electrode (153) disposed beneath the
third electrode (152), surrounded with an insu-
lating layer (151), and disposed encompassing
an outlet (154) having a larger diameter than an
opening of the nozzle (131); and

a third voltage controller (157) configured to ap-
ply voltage to the fourth electrode (153).

The inkjet printhead of claim 7, wherein voltage ap-
plied by the second voltage controller (155) is syn-
chronized with voltage applied by the third voltage
controller (157).

The inkjet printhead of claim 7, wherein a horizontal
distance between the fourth electrode (153) and the
nozzle (131) is longer than a horizontal distance be-
tween the third electrode (152) and the nozzle (131).

10. The inkjet printhead of claim 7, wherein

the plurality of nozzles (131) are arranged in a
matrix, and the third electrodes (152) arranged
in one of a row direction and a column direction
are electrically connected to simultaneously re-
ceive voltage from the second voltage controller
(155), and

the fourth electrodes (153) arranged in the other
one of the row direction and the column direction
are electrically connected to simultaneously re-
ceive voltage from the third voltage controller
(157).
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The inkjet printhead of claim 1 or 7 further comprising

afifth electrode (171) disposed between the first
layer (110) and the second layer (120) and sur-
rounded with an insulating layer (170); and

a fourth voltage controller (175) configured to
apply voltage to the fifth electrode (171).

The inkjet printhead of claim 1, wherein

the first voltage controller (145) applies the same
pulse voltage to the piezoelectric actuators
(140) respectively corresponding to the mem-
branes (115), and

the second voltage controller (155) applies dif-
ferent voltages to the third electrodes (152) ac-
cording to the nozzles (131) to make droplets
discharged from the nozzles (131) be uniform in
size.

The inkjet printhead of claim 11, wherein the fourth
voltage controller (175) applies voltage, which has
an opposite polarity to the voltage of the second volt-
age controller (155), to the fifth electrode (171), or
serves as the ground.

The inkjet printhead of claim 11, wherein the pulse
voltage applied by the first voltage controller(145) is
synchronized with the pulse voltage applied by the
fourth voltage controller (175), so that electrostatic
force based on potential difference between the first
electrode (141) and the fifth electrode (171) can re-
inforce the oscillation of the membrane (115) .

The inkjet printhead of claim 1, wherein third elec-
trodes for the plurality of nozzles are integrally
formed.
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