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(54) Ink-jet printhead and method for manufacturing the same

(57) An ink-jet printhead and a method of manufac-
turing the same are provided. The ink-jet printhead com-
prises a substrate, an ink chamber to be filled with ink
to be ejected being formed on a surface of the substrate,
a manifold which supplies ink to the ink chamber being
formed on a rear surface of the substrate, and an ink
passage which connects the ink chamber and the man-
ifold being formed parallel to the surface of the sub-
strate; a nozzle plate, which includes a plurality of pas-

sivation layers stacked on the substrate and formed of
an insulating material, and a heat dissipating material
formed of a metallic material having good thermal con-
ductivity, and through which a nozzle connected to the
ink chamber is formed; and a heater and a conductor,
which are disposed between the passivation layers of
the nozzle plate, the heater being positioned on the ink
chamber and heating ink in the ink chamber, and the
conductor applying a current to the heater.
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Description

[0001] The present invention relates to an ink-jet
printhead and a method for manufacturing the same,
and more particularly, to an ink-jet printhead in which an
ink passage is formed in the same plane as an ink cham-
ber to improve ejection performance, a metallic nozzle
plate is disposed on a substrate to improve linearity of
ink droplets ejected through a nozzle, and heat gener-
ated by a heater is effectively dissipated to increase a
driving frequency of the printhead, and a method for
manufacturing the same.
[0002] In general, inkjet printheads are devices for
printing a predetermined color image by ejecting drop-
lets of ink at desired positions on a recording sheet.
Inkjet printheads are generally categorized into two
types according to an ink ejection mechanism. One is a
thermal inkjet printhead in which a source of heat is em-
ployed to form bubbles in ink to eject the ink due to the
expansive force of the bubbles. The other is a piezoe-
lectric inkjet printhead in which ink is ejected by a pres-
sure applied to the ink due to deformation of a piezoe-
lectric element.
[0003] The ink droplet ejection mechanism of the ther-
mal inkjet printhead will be explained in further detail.
When a current pulse is supplied to a heater which com-
prises a heating resistor, the heater generates heat such
that ink near to the heater is instantaneously heated to
approximately 300°C. As the ink boils to generate bub-
bles, the generated bubbles expand to exert a pressure
on the ink filled in an ink chamber. Therefore, the ink
around a nozzle is ejected in the form of droplets to the
outside of the ink chamber.
[0004] The thermal inkjet printhead is classified into a
top-shooting type, a side-shooting type, and a back-
shooting type, according to a bubble growing direction
and a droplet ejection direction. In a top-shooting type
printhead, bubbles grow in the same direction in which
ink droplets are ejected. In a side-shooting type of print-
head, bubbles grow in a direction perpendicular to a di-
rection in which ink droplets are ejected. In a back-
shooting type of printhead, bubbles grow in a direction
opposite to a direction in which ink droplets are ejected.
[0005] The thermal inkjet printhead generally needs
to meet the following conditions. First, a manufacturing
process must be simple, a manufacturing cost must be
low, and mass production must be feasible. Second,
cross-talk between adjacent nozzles must be avoided
to produce a high-quality image, and a distance be-
tween the adjacent nozzles must be as narrow as pos-
sible. That is, a plurality of nozzles should be densely
disposed to increase dots per inch (DPI). Third, a refill
cycle after ink ejection must be as short as possible to
permit high-speed printing. That is, an operating fre-
quency must be high by fast-cooling the heated ink and
the heater.
[0006] FIGS. 1 through 3 illustrate the structure of a
conventional back-shooting thermal ink-jet printhead.

[0007] FIG. 1 is a perspective view illustrating the
structure of an ink-jet printhead disclosed in U.S. Patent
No. 5,502,471. Referring to FIG. 1, an ink-jet printhead
24 has a structure in which a substrate 11 having a noz-
zle 10 through which ink droplets are ejected and an ink
chamber 16 filled with ink to be ejected, a cover plate 3
having a through hole 2 connecting the ink chamber 16
and an ink reservoir 12, and the ink reservoir 12 which
supplies ink to the ink chamber 16, are sequentially
stacked. Here, a heater 42 has a ring shape and is dis-
posed around the nozzle 10 of the substrate 11.
[0008] In the above structure, if a pulse current is ap-
plied to the heater 42 and heat is generated in the heater
42, ink in the ink chamber 16 boils and bubbles are gen-
erated. The bubbles expand continuously and apply
pressure to ink in the ink chamber 16. As a result, ink is
ejected in droplets through the nozzle 10. Next, ink is
drawn into the ink chamber 16 from the ink reservoir 12
through the through hole 2 formed in the cover plate 3,
and the ink chamber 16 is refilled with ink.
[0009] However, in the ink-jet printhead 24, since the
height of the ink chamber 16 is almost the same as the
thickness of the substrate 11, unless a very thin sub-
strate is used, the size of the ink chamber 16 increases.
Thus, pressure generated by bubbles for ejecting ink is
dispersed by the ink, resulting in degradation of an ejec-
tion property. Meanwhile, if a thin substrate is used to
reduce the size of the ink chamber 16, it is difficult to
process the substrate 11. In other words, the height of
the ink chamber 16 in a typical conventional ink-jet print-
head is about 10-30 µm. In order to form an ink chamber
having this height, a silicon substrate having a thickness
of 10-30 µm should be used. However, it is impossible
to process a silicon substrate having such a thickness
using semiconductor processes.
[0010] Meanwhile, in order to manufacture an ink-jet
printhead having the above structure, the substrate 11,
the cover plate 3, and the ink reservoir 12 should be
bonded to one another. Thus, a process of manufactur-
ing the ink-jet printhead becomes complicated, and an
ink passage, which has a large effect on the ejection
property, cannot be made very elaborate.
[0011] FIG. 2 is a cross-sectional view illustrating the
structure of an ink-jet printhead disclosed in U.S. Patent
No. 5,841,452. Referring to FIG. 2, a hemispherical ink
chamber 15 is formed on a substrate 30 formed of sili-
con, a manifold 26 which supplies ink to the ink chamber
15 is formed under the substrate 30, and an ink channel
13 which connects the ink chamber 15 and the manifold
26 has a cylindrical shape and is formed between the
ink chamber 15 and the manifold 26, perpendicular to
the surface of the substrate 30. A nozzle plate 20 having
a nozzle 21 through which ink droplets 18 are ejected is
positioned on the surface of the substrate 30 and forms
an upper wall of the ink chamber 15. A ring-shaped heat-
er 22 which is adjacent to and surrounds the nozzle 21
is formed in the nozzle plate 20, and an electric wire (not
shown) for applying an electric current is connected to
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the heater 22.
[0012] In the above structure, if a pulse current is ap-
plied to the ring-shaped heater 22 in a state in which the
ink chamber 15 is filled with ink supplied from the man-
ifold 26 through the ink channel 13, ink under the heater
22 boils by heat generated in the heater 22, and bubbles
are generated in the ink. As a result, pressure is applied
to the ink in the ink chamber 15, and ink in the vicinity
of the nozzle 21 is ejected as the ink droplets 18 through
the nozzle 21. Next, ink is drawn into the ink chamber
15 through the ink channel 13, and the ink chamber 15
is refilled with ink.
[0013] In this ink-jet printhead, since only part of the
substrate 30 is etched to form the ink chamber 15, the
size of the ink chamber 15 can be reduced. In addition,
since the printhead is manufactured by a batch process
without a bonding process, a process of manufacturing
the ink-jet printhead is simple.
[0014] However, since the ink channel 13 is posi-
tioned in the same line as the nozzle 21, ink flows back
toward the ink channel 13 when bubbles are generated,
thereby lowering the ejection property. In addition, since
the substrate 30 exposed by the nozzle 21 is etched to
form the ink chamber 15, the size of the ink chamber
can be reduced, but the ink chamber 15 cannot be
formed with various different shapes. Thus, it is difficult
to form the ink chamber to have an optimum shape.
[0015] FIG. 3 is a cross-sectional view illustrating the
structure of an ink-jet printhead disclosed in U.S. Patent
No. 6,382,782. Referring to FIG. 3, the ink-jet printhead
has a structure in which a nozzle plate 50 having a noz-
zle 51, an insulating layer 60 having an ink chamber 61
and an ink channel 62, and a silicon substrate 70 having
a manifold 55 for supplying ink to the ink chamber 61,
are sequentially stacked.
[0016] In this ink-jet printhead, since the ink chamber
61 is formed using the insulating layer 60 stacked on the
substrate 70, the ink chamber 61 may have a variety of
shapes, and backflow of ink can be reduced.
[0017] However, when manufacturing this ink-jet
printhead, a method of depositing the thick insulating
layer 60 on the silicon substrate 70, etching the insulat-
ing layer 60, and forming the ink chamber 61 is generally
used. This method has the following problems. First, it
is difficult to stack the thick insulating layer 60 on the
substrate 70 using existing semiconductor processes.
Second, it is difficult to etch the thick insulating layer 60.
Thus, there is a limitation in the height of the ink chamber
61. As shown in FIG. 3, the ink chamber 61 and the noz-
zle 51 have a combined height of only about 6 µm. How-
ever, with such a shallow ink chamber, it is impossible
for an ink-jet printhead to have a relatively large drop
size.
[0018] According to an aspect of the present inven-
tion, there is provided an ink-jet printhead. The ink-jet
printhead comprises a substrate, an ink chamber to be
filled with ink to be ejected being formed on a surface of
the substrate, a manifold which supplies ink to the ink

chamber being formed on a rear surface of the sub-
strate, and an ink passage which connects the ink cham-
ber and the manifold being formed parallel to the surface
of the substrate; a nozzle plate, which includes a plural-
ity of passivation layers stacked on the substrate and
formed of an insulating material, and a heat dissipating
layer formed of a metallic material having good thermal
conductivity, and through which a nozzle connected to
the ink chamber is formed; and a heater and a conduc-
tor, which are disposed between the passivation layers
of the nozzle plate, the heater being positioned on the
ink chamber and heating ink in the ink chamber, and the
conductor applying a current to the heater.
[0019] The ink passage may be formed in the same
plane as the ink chamber. The ink passage preferably
includes at least one ink channel connected to the ink
chamber, and an ink feed hole which connects the ink
channel to the manifold.
[0020] The passivation layers may include a first pas-
sivation layer, a second passivation layer, and a third
passivation layer, which are sequentially stacked on the
substrate, the heater is disposed between the first pas-
sivation layer and the second passivation layer, and the
conductor is disposed between the second passivation
layer and the third passivation layer.
[0021] A lower portion of the nozzle is preferably
formed in the plurality of the passivation layers, and an
upper portion of the nozzle is preferably formed in the
heat dissipating layer.
[0022] The upper portion of the nozzle formed in the
heat dissipating layer may have a tapered shape such
that a diameter thereof becomes smaller in the direction
of an outlet.
[0023] The heat dissipating layer may be formed of at
least one metallic layer, and each of the metallic layers
may be formed of at least one material selected from
the group consisting of Ni, Cu, Al, and Au. The heat dis-
sipating layer may be formed to a thickness of about
10-100 µm by electroplating.
[0024] A seed layer for electroplating the heat dissi-
pating layer may be formed on the passivation layers.
The seed layer may be formed of at least one metallic
layer, and each of the metallic layers may be formed of
at least one material selected from the group consisting
of Cu, Cr, Ti, Au, and Ni.
[0025] According to another aspect of the present in-
vention, there is provided a method for manufacturing
an ink-jet printhead. The method comprises forming a
sacrificial layer having a predetermined depth on a sur-
face of a substrate; sequentially stacking a plurality of
passivation layers on the substrate on which the sacri-
ficial layer is formed and forming a heater and a con-
ductor connected to the heater between the passivation
layers; forming a heat dissipating layer of metal on the
passivation layers and forming a nozzle through which
ink is ejected through the heat dissipating layer and the
passivation layers to expose the sacrificial layer; form-
ing a manifold for supplying ink on a rear surface of the
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substrate; removing the sacrificial layer to form an ink
chamber and an ink passage; and connecting the man-
ifold and the ink passage.
[0026] Forming the sacrificial layer may comprise
etching the surface of the substrate to form a groove
having a predetermined depth; oxidizing the surface of
the substrate in which the groove is formed to form an
oxide layer; and filling the groove with a predetermined
material and planarizing the surface of the substrate.
Filling groove with the predetermined material may be
performed by epitaxially growing poly silicon in the
groove.
[0027] Forming the sacrificial layer may comprise
forming a trench exposing an insulating layer in a pre-
determined shape in an upper silicon substrate of a SOI
substrate; and filling the trench with a predetermined
material. The predetermined material may be silicon ox-
ide.
[0028] Forming the passivation layers may comprise
forming a first passivation layer on a surface of the sub-
strate on which the sacrificial layer is formed; forming
the heater on the first passivation layer; forming a sec-
ond passivation layer on the first passivation layer and
the heater; forming the conductor on the second passi-
vation layer; and forming a third passivation layer on the
second passivation layer and the conductor.
[0029] The heat dissipating layer may be formed of at
least one metallic layer, and each of the metallic layers
may be formed by electroplating at least one material
selected from the group consisting of Ni, Cu, Al, and Au.
The heat dissipating layer may be formed to a thickness
of 10-100 µm.
[0030] Forming the heat dissipating layer and the noz-
zle may comprise etching the passivation layers formed
on the sacrificial layer to form a lower nozzle; forming a
lower plating mold inside the lower nozzle; forming an
upper plating mold having a predetermined shape for
forming the upper nozzle on the lower plating mold;
forming the heat dissipating layer on the passivation lay-
ers by electroplating; and removing the upper and lower
plating molds to form the nozzle comprising the upper
nozzle and the lower nozzle. The lower plating mold and
the upper plating mold may be formed of a photoresist
or photosensitive polymer.
[0031] Forming the heat dissipating layer and the noz-
zle may comprise etching the passivation layers formed
on the sacrificial layer to form a lower nozzle; forming a
plating mold having a predetermined shape for forming
an upper nozzle vertically from the inside of the lower
nozzle; forming the heat dissipating layer on the passi-
vation layers by electroplating; and removing the plating
mold and forming the nozzle comprising the upper noz-
zle and the lower nozzle. The plating mold may be
formed of a photoresist or a photosensitive polymer.
[0032] The lower nozzle may be formed by dry etching
the passivation layers by reactive ion etching (RIE).
[0033] A seed layer for electroplating the heat dissi-
pating layer may be formed on the passivation layers.

The seed layer may be formed of at least one metallic
layer, and each of the metallic layers may be formed by
depositing at least one metallic material selected from
the group consisting of Cu, Cr, Ti, Au, and Ni.
[0034] After forming the heat dissipating layer, form-
ing the heat dissipating layer and the nozzle may further
comprise planarizing the top surface of the heat dissi-
pating layer by a chemical mechanical polishing (CMP)
process.
[0035] The present invention thus provides an ink-jet
printhead having an improved structure in which an ink
passage is formed in the same plane as an ink chamber
to improve ejection performance, a metallic nozzle plate
is disposed on a substrate to improve linearity of ink
droplets ejected through a nozzle, and heat generated
by a heater is effectively dissipated to increase a driving
frequency of the printhead, and a method for manufac-
turing the same.
[0036] The above and other aspects and advantages
of the present invention will become more apparent by
describing in detail exemplary embodiments thereof
with reference to the attached drawings in which:

FIG. 1 is a perspective view illustrating an example
of a conventional ink-jet printhead;
FIG. 2 is a perspective view illustrating another ex-
ample of a conventional ink-jet printhead;
FIG. 3 is a perspective view illustrating still another
example of a conventional ink-jet printhead;
FIG. 4 is a plan view schematically illustrating an
ink-jet printhead according to an embodiment of the
present invention;
FIG. 5 is an enlarged plan view illustrating a portion
A of FIG. 4;
FIG. 6 is a cross-sectional view of the ink-jet print-
head taken along line VI-VI' of FIG. 5;
FIG. 7 is a partial perspective view of a substrate
on which an ink chamber and an ink passage are
formed;
FIGS. 8 through 19 are cross-sectional views illus-
trating a method for manufacturing an ink-jet print-
head according to an embodiment of the present
invention; and
FIGS. 20 through 22 are cross-sectional views illus-
trating a method for manufacturing an ink-jet print-
head according to another embodiment of the
present invention.

[0037] Hereinafter, exemplary embodiments of the
present invention will be described in detail with refer-
ence to the accompanying drawings. In the drawings,
whenever the same element reappears in subsequent
drawings, it is denoted by the same reference numeral.
Also, the sizes or thicknesses of elements may be ex-
aggerated for clarity. It will be understood that when a
layer is referred to as being on another layer or on a
substrate, it can be directly on the other layer or the sub-
strate, or intervening layers may also be present.
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[0038] FIG. 4 is a plan view schematically illustrating
an ink-jet printhead according to an embodiment of the
present invention. Referring to FIG. 4, the ink-jet print-
head includes ink ejecting portions 103 disposed in two
rows and bonding pads 101 which are electrically con-
nected to each ink ejecting portion 103. In alternative
embodiments, the ink ejecting portions 103 may be dis-
posed in one row, or in three or more rows to improve
printing resolution.
[0039] FIG. 5 is an enlarged plan view of a portion A
of FIG. 4, FIG. 6 is a cross-sectional view illustrating a
vertical structure of the ink-jet printhead taken along line
VI-VI' of FIG. 5, and FIG. 7 is a partial perspective view
of a substrate illustrating an ink chamber and an ink pas-
sage, which are formed on the surface of the substrate.
[0040] Referring to FIGS. 5, 6, and 7, an ink chamber
106 to be filled with ink is formed on the surface of a
substrate 100 to a predetermined depth, and a manifold
102 which supplies ink to the ink chamber 106 is formed
on a rear surface of the substrate 100.
[0041] Here, since each of the surface and the rear
surface of the substrate 100 is etched to form the ink
chamber 106 and the manifold 102, the ink chamber 106
and the manifold 102 may have a variety of shapes.
Here, the ink chamber 106 may be formed to a depth of
about 10-80 µm. The manifold 102 formed under the ink
chamber 106 is connected to an ink reservoir (not
shown).
[0042] An ink passage 105 which connects the ink
chamber 106 and the manifold 102 is formed on the sur-
face of the substrate 100. Here, like the ink chamber
106, the surface of the substrate 100 is etched to form
the ink passage 105. Thus, the ink passage 105 may
have a variety of shapes. The ink passage 105 is formed
parallel to the surface of the substrate 100, in the same
plane as the ink chamber 106. The ink passage 105
comprises an ink channel 105a and an ink feed hole
105b. The ink channel 105a is connected to the ink
chamber 106, and the ink feed hole 105b is connected
to the manifold 102. Meanwhile, a plurality of ink chan-
nels 105a may be formed in consideration of an ejection
property.
[0043] A nozzle plate 120 is disposed on the substrate
100 on which the ink chamber 106, the ink passage 105,
and the manifold 102 are formed. The nozzle plate 120
forms an upper wall of the ink chamber 106 and the ink
passage 105. A nozzle 104 through which ink is ejected
from the ink chamber 106 is vertically formed through
the nozzle plate 120.
[0044] The nozzle plate 120 is formed of a plurality of
material layers stacked on the substrate 100. The plu-
rality of material layers includes first, second, and third
passivation layers 121, 122, and 126, and a heat dissi-
pation layer 128 formed of metal. A heater 108 is dis-
posed between the first passivation layer 121 and the
second passivation layer 122, and a conductor (112 of
FIG. 5) is disposed between the second passivation lay-
er 122 and the third passivation layer 126.

[0045] The first passivation layer 121 is a lowermost
material layer of the plurality of material layers which are
components of the nozzle plate 120, and is formed on
the surface of the substrate 100. The first passivation
layer 121 is formed to provide insulation between the
heater 108 and the substrate 100 and to protect the
heater 122. The first passivation layer 121 may be
formed of silicon oxide or silicon nitride.
[0046] The heater 108 which heats ink in the ink
chamber 106 is disposed on the first passivation layer
121 formed on the ink chamber 106. In alternative em-
bodiments, a plurality of heaters 108 may be formed and
may have a variety of positions and shapes, which are
different from those shown in FIGS. 5, 6, and 7. The
heater 108 may be formed in a ring shape around the
nozzle 104. The heater 108 is formed of a resistive heat-
ing material, such as impurity-doped poly silicon, tanta-
lum-aluminum alloy, tantalum nitride, titanium nitride, or
tungsten silicide.
[0047] The second passivation layer 122 is formed on
the first passivation layer 121 and the heater 108. The
second passivation layer 122 is formed to protect the
heater 108 and may be formed of silicon nitride or silicon
oxide, like the first passivation layer 121.
[0048] Meanwhile, although not shown in FIG. 6, a
conductor (112 of FIG. 5) which is electrically connected
to the heater 108 and applies a pulse current to the heat-
er 108 is formed on the second passivation layer 122.
One end of the conductor (112 of FIG. 5) is connected
to the heater 108 via a contact hole formed in the second
passivation layer 122, and the other end thereof is elec-
trically connected to a bonding pad (101 of FIG. 4). The
conductor (112 of FIG. 5) may be formed of metal with
good conductivity, for example, aluminum (Al), alumi-
num alloy, gold (Au), or silver (Ag).
[0049] The third passivation layer 126 is formed on
the conductor (112 of FIG. 5) and the second passiva-
tion layer 122. The third passivation layer 126 may be
formed of tetraethylorthosilicate (TEOS) oxide or silicon
oxide.
[0050] The heat dissipating layer 128, formed on the
third passivation layer 126, is the uppermost material
layer of the plurality of material layers which are com-
ponents of the nozzle plate 120. The heat dissipating
layer 128 may be formed of a metallic material with good
thermal conductivity, such as Ni, Cu, Al, or Au. In addi-
tion, the heat dissipating layer 128 may be formed of a
plurality of metallic layers. The heat dissipating layer
128 may be formed to a larger thickness of about 10 -
100 µm by electroplating the above-described metallic
material. To this end, a seed layer 127 for electroplating
of the above-described metallic material may be formed
on the top surface of the third passivation layer 126 and
at both sides of the surface of the substrate 100. The
seed layer 127 may be formed of a metallic material with
good electrical conductivity, such as Cu, Cr, Ti, Au, or
Ni. In addition, the seed layer 127 may be formed of a
plurality of metallic layers.
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[0051] The heat dissipating layer 128 dissipates heat
generated by and remaining around the heater 108. In
other words, heat generated by and remaining around
the heater 108 after ink is ejected is dissipated to the
substrate 100 and outside via the heat dissipating layer
128. Thus, heat is dissipated after ink is ejected and the
temperature around the nozzle 104 falls rapidly so that
printing can be performed stably at a high driving fre-
quency.
[0052] As described above, since the heat dissipating
layer 128 may be formed to a larger thickness, the noz-
zle 104 can be formed to have a sufficient length. Thus,
a stable high-speed operation can be performed, and
the linearity of ink droplets ejected through the nozzle
104 is improved. That is, the ink droplets can be ejected
in a direction exactly perpendicular to the substrate 100.
[0053] Meanwhile, the nozzle 104 comprises a lower
nozzle 104a and an upper nozzle 104b. The lower noz-
zle 104a has a cylindrical shape and is formed in the
first, second, and third passaivation layers 121, 122, and
126. The upper nozzle 104b has a tapered shape such
that a diameter thereof becomes smaller in the direction
of an outlet in the heat dissipating layer 128. Since the
upper nozzle 104 has a tapered shape, a meniscus at
the surface of ink in the nozzle 104 is more quickly sta-
bilized after ink is ejected.
[0054] An operation of ejecting ink from the ink-jet
printhead having the above structure will now be de-
scribed.
[0055] First, if the pulse current is applied to the heat-
er 108 via the conductor 112 in a state in which the ink
chamber 106 and the nozzle 104 are filled with ink, heat
is generated by the heater 108 and transferred to the
ink in the ink chamber 106 through the first passivation
layer 121 formed under the heater 108. As a result, the
ink boils, and a bubble is generated. The bubble ex-
pands due to a continuous supply of heat, causing ink
to protrude from the nozzle 104.
[0056] Next, when the applied current is cut off, the
bubble contracts and collapses, causing ink that has
protruded from the nozzle 104 to be ejected in droplets.
Meanwhile, since heat generated by and remaining
around the heater 108 after ink is ejected is dissipated
to the substrate 100 and outside via the heat dissipating
layer 128, the temperature around the heater 108 goes
down.
[0057] Next, the ink chamber 106 is refilled with ink
supplied from the manifold 102 through the ink channel
105a and the ink feed hole 105b. When ink refilling is
completed and the ink-jet printhead returns to its initial
state, the above-described cycle is repeated.
[0058] In the ink-jet printhead according to the em-
bodiment of the present invention, since the ink passage
105 is formed parallel to the surface of the substrate 100
in the same plane as the ink chamber 106, backflow of
ink can be reduced. Since the ink chamber 106 and the
ink passage 105 are formed using an etching method,
they may have a variety of shapes. Thus, the ink cham-

ber 106 and the ink passage 105 can be formed to have
optimum shapes. In addition, since the metal heat dis-
sipating layer 128 is formed by electroplating, it may be
formed as a single body with the other elements of the
ink-jet printhead and formed to a larger thickness, and
heat can be effectively dissipated.
[0059] A method of manufacturing an ink-jet printhead
according to an embodiment of the present invention will
now be described.
[0060] FIGS. 8 through 19 are cross-sectional views
illustrating a method for manufacturing an ink-jet print-
head according to an embodiment of the present inven-
tion.
[0061] FIG. 8 illustrates a state in which a groove is
formed on the surface of the substrate 100, and the sub-
strate 100 is oxidized to form silicon oxide layers 130
and 140 on the front and rear surfaces of the substrate
100.
[0062] First, in the present embodiment, a silicon wa-
fer is processed to a thickness of about 300-700 µm and
is used as the substrate 100. Silicon wafers are widely
used to manufacture semiconductor devices, and thus
are good for mass production of a printhead. While FIG.
8 illustrates only a part of a silicon wafer, several tens
to hundreds of chips corresponding to ink-jet printheads
maybe contained in one wafer.
[0063] An etching mask for defining a portion to be
etched is formed on a top surface of the silicon substrate
100. A photoresist is coated on the top surface of the
substrate 100 to a predetermined thickness and is pat-
terned, thereby forming the etch mask.
[0064] Subsequently, the substrate 100 exposed by
the etch mask is etched, thereby forming a groove hav-
ing a predetermined shape. The substrate 100 may be
etched by dry etching such as reactive ion etching (RIE).
The groove is a portion in which an ink chamber (106 of
FIG. 6) and an ink passage (105 of FIG. 6) are to be
formed. Preferably, the depth of the groove is about
10-80 µm. Meanwhile, the groove may have a variety of
shapes depending on the shape in which the surface of
the substrate 100 is etched. Thus, the ink chamber and
the ink passage can be formed to have desired shapes.
After the groove is formed, the etch mask is removed
from the substrate 100.
[0065] Subsequently, the substrate 100 on which the
grove is formed is oxidized to form the silicon oxide lay-
ers 130 and 140 on the front and rear surfaces of the
substrate 100.
[0066] FIG. 9 illustrates a state in which a sacrificial
layer 250 is formed in the groove formed on the sub-
strate 100 and the surface of the substrate 100 is
planarized.
[0067] Specifically, poly silicon is epitaxially grown in
the groove formed on the surface of the oxidized sub-
strate 100, thereby forming the sacrificial layer 250.
Next, the sacrificial layer 250 and the surface of the sub-
strate 100 are planarized by a chemical mechanical pol-
ishing (CMP) process. Here, the protruding silicon oxide
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layer 140 is removed.
[0068] FIG. 10 illustrates a state in which the first pas-
sivation layer 121, the heater 108, the second passiva-
tion layer 122, the conductor (112 of FIG. 5), and the
third passivation layer 126 are sequentially stacked on
the entire surface of the structure shown in FIG. 9.
[0069] Specifically, the first passivation layer 121 is
formed on the surface of the planarized substrate 100.
The first passivation layer 121 may be formed by depos-
iting silicon oxide or silicon nitride.
[0070] Next, the heater 108 is formed on the first pas-
sivation layer 121. The heater 108 is formed by depos-
iting a resistive heating material, such as impurity-doped
poly silicon, tantalum-aluminum alloy, tantalum nitride,
or tungsten silicide, on the entire surface of the first pas-
sivation layer 121 to a predetermined thickness and pat-
terning the deposited material in a predetermined
shape. Specifically, impurity-doped poly silicon may be
formed to a thickness of about 0.7-1 µm by depositing
poly silicon together with impurities, for example, a
source gas of phosphorous (P), by low pressure chem-
ical vapor deposition (LP CVD). When the heater 108 is
formed of tantalum-aluminum alloy, tantalum nitride, or
tungsten silicide, the heater 108 may be formed to a
thickness of about 0.1-0.3 µm by depositing tantalum-
aluminum alloy, tantalum nitride, or tungsten silicide by
sputtering or chemical vapor deposition (CVD). The
deposition thickness of the resistive heating material
may be varied so as to have proper resistance in con-
sideration of the width and length of the heater 108. Sub-
sequently, the resistive heating material deposited on
the entire surface of the first passivation layer 121 is pat-
terned by a photolithographic process using a photo-
mask and a photoresist and an etch process using a
photoresist pattern as an etch mask.
[0071] Next, the second passivation layer 122 formed
of silicon oxide or silicon nitride may be formed to a thick-
ness of about 0.2-1 µm by depositing silicon oxide or
silicon nitride on the entire surface of the first passiva-
tion layer 121 on which the heater 108 is formed. Sub-
sequently, the second passivation layer 122 is etched
to form a contact hole (not shown) through which the
heater 108 is exposed to be connected to the conductor
(112 of FIG. 5).
[0072] Subsequently, the conductor (112 of FIG. 5) is
formed by depositing metal having good conductivity,
such as aluminum (Al), aluminum alloy, gold (Au), or sil-
ver (Ag), on the entire surface of the second passivation
layer 122 to a thickness of about 0.5-2 µm through sput-
tering and patterning the deposited metal. Then, the
conductor (112 of FIG. 5) is connected to the heater 108
via the contact hole (not shown).
[0073] Next, the third passivation layer 126 is formed
on top surfaces of the second passivation layer 122 and
the conductor (112 of FIG. 5). The third passivation layer
126 is a material layer that provides insulation between
the conductor (112 of FIG. 5) and a heat dissipating layer
(128 of FIG. 6) that will be formed later. The third pas-

sivation layer 126 may be formed to a thickness of about
0.7-3 µm by depositing TEOS oxide using plasma en-
hanced chemical vapor deposition (PE CVD).
[0074] FIG. 11 illustrates a state in which the lower
nozzle 104a is formed. The lower nozzle 104a may be
formed by sequentially etching the third passivation lay-
er 126, the second passivation layer 122, and the first
passivation layer 121 through RIE such that part of the
sacrificial layer 250 formed on the surface of the sub-
strate 100 and both sides of the surface of the substrate
100 is exposed.
[0075] FIG. 12 illustrates a state in which a lower plat-
ing mold 350 is formed in the lower nozzle 104a and the
seed layer 127 is formed on the lower plating mold 350.
Specifically, the lower plating mold 350 may be formed
by coating a photoresist on the entire surface of the
structure shown in FIG. 11 to a predetermined thick-
ness, patterning a coated photoresist, and leaving only
the photoresist inside the lower nozzle 104a. Mean-
while, the lower plating mold 350 may be formed of a
photoresist or a photosensitive polymer.
[0076] Subsequently, the seed layer 127 for electro-
plating is formed on the entire surface of the structure
shown in FIG. 12. For electroplating, the seed layer 127
may be formed to a thickness of about 500-3000 A by
depositing metal having good conductivity, such as Cu,
Cr, Ti, Au, or Ni, by sputtering. Alternatively, the seed
layer 127 may be formed of a plurality of metallic layers.
[0077] FIG. 13 illustrates a state in which an upper
plating mold 450 for forming an upper nozzle (104b of
FIG. 6) is formed. The upper plating mold 450 may be
formed by coating a photoresist on the entire surface of
the seed layer 127, patterning the coated photoresist,
and leaving only photoresist where the upper nozzle
(104b of FIG. 6) is to be formed. Meanwhile, the upper
plating mold 450 may be formed of a photoresist or pho-
tosensitive polymer. The upper plating mold 450 has a
tapered shape such that a diameter thereof becomes
smaller as the upper plating mold 450 extends upwards.
Alternatively, the upper nozzle (104b of FIG. 6) may
have a cylindrical shape. In this case, the upper plating
mold 450 may have the pillar shape.
[0078] Meanwhile, the lower plating mold 350 and the
upper plating mold 450 may be formed by the following
steps. Referring to FIG. 19, before forming the lower
plating mold 350, a seed layer 127' for electroplating is
formed on the entire surface of the structure shown in
FIG. 11. Subsequently, the lower plating mold 350 and
the upper plating mold 450 are sequentially formed. Al-
ternatively, the lower and upper plating molds 350 and
450 may be formed of a single body.
[0079] FIG. 14 illustrates a state in which the heat dis-
sipating layer 128 formed of a metallic material having
a predetermined thickness is formed on a top surface of
the seed layer 127. The heat dissipating layer 128 may
be formed to a thickness of about 10-100 µm by elec-
troplating metal having good thermal conductivity, such
as Ni, Cu, Al, or Au, on the surface of the seed layer
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127. Alternatively, the heat dissipating layer 128 may be
formed of a plurality of metallic layers. The thickness of
the heat dissipating layer 128 may be determined in con-
sideration of a cross-sectional area and shape of the up-
per nozzle and a heat dissipating capability to the sub-
strate 100 and the outside.
[0080] The surface of the heat dissipating layer 128
after electroplating is completed, is uneven due to ma-
terial layers formed under the heat dissipating layer 128.
Thus, the surface of the heat dissipating layer 128 can
be planarized by CMP.
[0081] Subsequently, the upper plating mold 450, the
seed layer 127 formed under the upper plating mold
450, and the lower plating mold 350 are sequentially re-
moved. The upper and lower plating molds 450 and 350
may be removed using a general method of removing a
photoresist. The seed layer 127 may be etched by wet
etching using an etchant capable of selectively etching
the seed layer 127 in consideration of etch selectivity of
the metallic material used to form the heat dissipating
layer 128 to the metallic material used to form the seed
layer 127. For example, when the seed layer 127 is
formed of copper (Cu), an acetic acid based etchant
may be used, and when the seed layer 127 is formed of
titanium (Ti), a HF based etchant may be used. Then,
as shown in FIG. 15, the lower nozzle 104a and the up-
per nozzle 104b are connected to each other, thereby
forming a complete nozzle 104 and completing the noz-
zle plate 120 formed of a stack of a plurality of material
layers. In this case, a partial surface of the sacrificial
layer 250 that occupies a space in which the ink cham-
ber (106 of FIG. 6) and the ink passage (105 of FIG. 6)
are to be formed, is exposed through the nozzle 104.
[0082] FIG. 16 illustrates a state in which the manifold
102 is formed on a rear surface of the substrate 100.
Specifically, the silicon oxide layer 130 formed on the
rear surface of the silicon substrate 100 is patterned,
thereby forming an etch mask which defines an area to
be patterned. Next, the silicon substrate 100 exposed
by the etch mask is wet etched using tetramethyl am-
monium hydroxide (TMAH) or potassium hydroxide
(KOH) as an etchant, thereby forming the manifold 102
having an inclined side, as shown in FIG. 16. Mean-
while, the manifold 102 may be formed by anisotropical-
ly dry etching the rear surface of the substrate 100.
[0083] FIG. 17 illustrates a state in which the ink
chamber 106 and the ink passage 105 are formed on
the surface of the substrate 100. The ink chamber 106
and the ink passage 105 may be formed by isotropically
etching the sacrificial layer (250 of FIG. 16). Specifically,
the sacrificial layer (250 of FIG. 16) exposed through the
nozzle 104 is dry etched using an etchant, such as an
XeF2 gas or a BrF3 gas, for a predetermined amount of
time. In this case, since the sacrificial layer (250 of FIG.
16) is etched isotropically, it is etched at a uniform speed
in all directions from a portion exposed through the noz-
zle 104. However, further etching of the silicon oxide lay-
er 140 which serves as an etch stopper is suppressed.

As shown in FIG. 17, the ink chamber 106 and the ink
passage 105 are formed parallel to the surface of the
substrate 100 in the same plane. Here, the depths of the
ink chamber 106 and the ink passage 105 formed on
the surface of the substrate 100 are about 10-80 µm.
The ink passage 105 includes an ink channel 105a con-
nected to the ink chamber 106 and an ink feed hole 105b
connected to the manifold 102.
[0084] FIG. 18 illustrates a state in which the ink pas-
sage 105 and the manifold 102, which are formed on
the substrate 100, are connected to each other. Specif-
ically, the silicon oxide layer 140 between the ink pas-
sage 105 formed on the front surface of the substrate
100 and the manifold 102 formed on the rear surface of
the substrate 100 is removed by etching, thereby con-
necting the ink passage 105 to the manifold 102. The
ink-jet printhead according to the embodiment of the
present invention is now complete.
[0085] FIGS. 20 through 22 are cross-sectional views
illustrating a method for manufacturing an ink-jet print-
head according to another embodiment of the present
invention. This method is the same as the method of the
previous embodiment, except for the step of forming the
sacrificial layer, and thus, only the step of forming the
sacrificial layer will be described.
[0086] First, as shown in FIG. 20, a silicon-on-insula-
tor (SOI) substrate 300, in which an insulating layer 320
is interposed between two silicon substrates 310 and
330, is used as a substrate. Here, the thickness of the
upper silicon substrate 330 is about 10-80 µm, and the
thickness of the lower silicon substrate 310 is about
300-700 µm.
[0087] Next, as shown in FIG. 21, the surface of the
upper silicon substrate 330 is etched, thereby forming
a trench 340 having a predetermined shape so that the
insulating layer 320 is exposed. The trench 340 is
formed to surround portions in which the ink chamber
(106 of FIG. 6) and the ink passage (105 of FIG. 6) are
to be formed. The trench 340 is formed to a width of
several µm so that it can easily be filled with a predeter-
mined material.
[0088] Next, as shown in FIG. 22, the trench 340 is
filled with a silicon oxide 370, and then, the surface of
the upper silicon substrate 330 is planarized. By doing
so, portions that are surrounded by the silicon oxide 370
become sacrificial layers 250' for forming the ink cham-
ber (106 of FIG. 6) and the ink passage (105 of FIG. 6).
Thus, the sacrificial layer 250' is formed of silicon, unlike
in the previous embodiment in which it was formed of
poly silicon.
[0089] Subsequent steps are the same as the above-
described steps shown in FIGS. 10 through 18.
[0090] As described above, the ink-jet printhead and
the method for manufacturing the same according to the
present invention have the following effects. First, an ink
passage is formed parallel to the surface of a substrate
in the same plane as the ink chamber such that ejection
failure caused by backflow of ink is prevented and the

13 14



EP 1 481 806 A1

9

5

10

15

20

25

30

35

40

45

50

55

performance of the printhead is improved. Second,
since a heat dissipating layer is formed to a large thick-
ness, a nozzle having a sufficient length can be ob-
tained. Thus, the linearity of ink droplets ejected through
the nozzle is improved. Third, heat generated by and
remaining around a heater is efficiently dissipated to the
substrate and outside. Thus, the area near the nozzle
can be rapidly cooled enabling a driving frequency to be
increased.
[0091] While the present invention has been particu-
larly shown and described with reference to exemplary
embodiments thereof, it will be understood by those of
ordinary skill in the art that various changes in form and
details may be made therein without departing from the
scope of the present invention as defined by the follow-
ing claims. For example, materials used in forming each
element of an ink-jet printhead according to the present
invention may be varied, methods for depositing and
forming each element may be modified, and the order
in which steps of a method for manufacturing the ink-jet
printhead are performed may be changed, all within the
scope of the present invention as defined by the ap-
pended claims.

Claims

1. An ink-jet printhead comprising:

a substrate, an ink chamber to be filled with ink
to be ejected being formed on a surface of the
substrate, a manifold which supplies ink to the
ink chamber being formed on a rear surface of
the substrate, and an ink passage which con-
nects the ink chamber and the manifold being
formed parallel to the surface of the substrate;
a nozzle plate, which includes a plurality of pas-
sivation layers stacked on the substrate and
formed of an insulating material, and a heat dis-
sipating layer formed of a metallic material hav-
ing good thermal conductivity, and through
which a nozzle connected to the ink chamber
is formed; and
a heater and a conductor, which are disposed
between the passivation layers of the nozzle
plate, the heater being positioned on the ink
chamber and heating ink in the ink chamber,
and the conductor applying a current to the
heater.

2. The ink-jet printhead of claim 1, wherein the ink pas-
sage is formed in the same plane as the ink cham-
ber.

3. The ink-jet printhead of claim 1 or 2, wherein the ink
passage includes at least one ink channel connect-
ed to the ink chamber, and an ink feed hole which
connects the ink channel to the manifold.

4. The ink-jet printhead of any one of the preceding
claims, wherein the passivation layers include a first
passivation layer, a second passivation layer, and
a third passivation layer, which are sequentially
stacked on the substrate, the heater is disposed be-
tween the first passivation layer and the second
passivation layer, and the conductor is disposed be-
tween the second passivation layer and the third
passivation layer.

5. The ink-jet printhead of any one of the preceding
claims, wherein a lower portion of the nozzle is
formed in the plurality of the passivation layers, and
an upper portion of the nozzle is formed in the heat
dissipating layer.

6. The ink-jet printhead of claim 5, wherein the upper
portion of the nozzle formed in the heat dissipating
layer has a tapered shape such that a diameter
thereof becomes smaller in the direction of an out-
let.

7. The ink-jet printhead of any one of the preceding
claims, wherein the heat dissipating layer is formed
of at least one metallic layer, and each of the me-
tallic layers is formed of at least one material select-
ed from the group consisting of Ni, Cu, Al, and Au.

8. The ink-jet printhead of any one of the preceding
claims, wherein the heat dissipating layer is formed
to a thickness of about 10-100 µm by electroplating.

9. The ink-jet printhead of any one of the preceding
claims, wherein a seed layer for electroplating the
heat dissipating layer is formed on the passivation
layers.

10. The ink-jet printhead of claim 9, wherein the seed
layer is formed of at least one metallic layer, and
each of the metallic layers is formed of at least one
material selected from the group consisting of Cu,
Cr, Ti, Au, and Ni.

11. A method for manufacturing an ink-jet printhead,
the method comprising:

forming a sacrificial layer having a predeter-
mined depth on a surface of a substrate;
sequentially stacking a plurality of passivation
layers on the substrate on which the sacrificial
layer is formed and forming a heater and a con-
ductor connected to the heater between the
passivation layers;
forming a heat dissipating layer of metal on the
passivation layers and forming a nozzle
through which ink is ejected through the heat
dissipating layer and the passivation layers to
expose the sacrificial layer;
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forming a manifold for supplying ink on a rear
surface of the substrate;
removing the sacrificial layer to form an ink
chamber and an ink passage; and
connecting the manifold and the ink passage.

12. The method of claim 11, wherein forming the sacri-
ficial layer comprises:

etching the surface of the substrate to form a
groove having a predetermined depth;
oxidizing the surface of the substrate in which
the groove is formed to form an oxide layer; and
filling the groove with a predetermined material
and planarizing the surface of the substrate.

13. The method of claim 12, wherein filling groove with
the predetermined material is performed by epitax-
ially growing poly silicon in the groove.

14. The method of claim 11, wherein forming the sacri-
ficial layer comprises:

forming a trench exposing an insulating layer in
a predetermined shape in an upper silicon sub-
strate of a silicon-on-insulator substrate; and
filling the trench with a predetermined material.

15. The method of claim 14, wherein the predetermined
material is silicon oxide.

16. The method of any one of claims 11 to 15, wherein
forming the passivation layers comprises:

forming a first passivation layer on a surface of
the substrate on which the sacrificial layer is
formed;
forming the heater on the first passivation layer;
forming a second passivation layer on the first
passivation layer and the heater;
forming the conductor on the second passiva-
tion layer; and
forming a third passivation layer on the second
passivation layer and the conductor.

17. The method of any one of claims 11 to 16, wherein
the heat dissipating layer is formed of at least one
metallic layer, and each of the metallic layers is
formed by electroplating at least one material se-
lected from the group consisting of Ni, Cu, Al, and
Au.

18. The method of any one of claims 11 to 17, wherein
the heat dissipating layer is formed to a thickness
of 10-100 µm.

19. The method of any one of claims 11 to 18, wherein
forming the heat dissipating layer and the nozzle

comprises:

etching the passivation layers formed on the
sacrificial layer to form a lower nozzle;
forming a lower plating mold inside the lower
nozzle;
forming an upper plating mold having a prede-
termined shape for forming the upper nozzle on
the lower plating mold;
forming the heat dissipating layer on the passi-
vation layers by electroplating; and
removing the upper and lower plating molds to
form the nozzle comprising the upper nozzle
and the lower nozzle.

20. The method of any one of claims 11 to 18, wherein
the forming the heat dissipating layer and the nozzle
comprises:

etching the passivation layers formed on the
sacrificial layer to form a lower nozzle;
forming a plating mold having a predetermined
shape for forming an upper nozzle vertically
from the inside of the lower nozzle;
forming the heat dissipating layer on the passi-
vation layers by electroplating; and
removing the plating mold and forming the noz-
zle comprising the upper nozzle and the lower
nozzle.

21. The method of claim 19 or 20, wherein the plating
mold or plating molds is/are formed of a photoresist
or a photosensitive polymer.

22. The method of any one of claims 19 to 21, wherein
the lower nozzle is formed by dry etching the pas-
sivation layers by reactive ion etching.

23. The method of any one of claims 19 to 22, wherein
forming the heat dissipating layer and the nozzle
further comprises forming a seed layer for electro-
plating the heat dissipating layer on the passivation
layers.

24. The method of claim 23, wherein the seed layer is
formed of at least one metallic layer, and each of
the metallic layers is formed by depositing at least
one metallic material selected from the group con-
sisting of Cu, Cr, Ti, Au, and Ni.

25. The method of any one of claims 19 to 24, wherein
after forming the heat dissipating layer, forming the
heat dissipating layer and the nozzle further com-
prises planarizing the top surface of the heat dissi-
pating layer by a chemical mechanical polishing
process.
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