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(54) Method for forming thick film layer of micro injecting device

(57) A method for forming at thick film layer (30) of
micro injecting device is disclosed in which a thin film
layer (31') is formed on a substrate (1), a thick film layer
(32') is formed on the thin film layer (31') without per-
forming additional heat-treatment, and the thin film layer
(31') and thick film layer (32') formed sequentially on the
substrate are simultaneously heat-treated, to thereby
complete a single thick film layer (30). The single thick
film layer (30) is formed by a sequential coating process
without being interfered by heat-treatment, thereby
eliminating an isolating line. As a result, an overall dura-
bility of thick film layer (30) can be significantly
enhanced.
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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The present invention relates to the field of
micro-injecting devices and inkjet printheads, and, more
particularly, to a method for forming a thick film layer in
the manufacture of a micro-injecting device.

Description of the Related Art

[0002] Generally, a micro-injecting device refers to
a device which is designed to provide printing paper, a
human body or motor vehicles with a predetermined
amount of liquid, for example, ink, injection liquid or
petroleum using the method in which a predetermined
amount of electric or thermal energy is applied to the
above-mentioned liquid, yielding a volumetric transfor-
mation of the liquid. This method allows the application
of a small quantity of liquid to a specific object.
[0003] Recent developments in electrical and elec-
tronic technology have enabled rapid development of
such micro-injecting devices. Thus, micro-injecting
devices are being widely used in daily life. One example
of the use of micro-injecting devices in daily life is the
inkjet printer.
[0004] The inkjet printer is a form of micro-injecting
device which differs from conventional dot printers in the
capability of performing print jobs in various colors by
using cartridges. Additional advantages of inkjet print-
ers over dot printers are lower noise and enhanced
quality of printing. For these reasons, inkjet printers are
gaining immensely in popularity.
[0005] An inkjet printer generally includes a print-
head in which ink which is initially in the liquid state is
transformed to a bubble state by turning on or off an
electric signal applied from an external device. Then,
the ink so bubbled expands and is ejected so as to per-
form a print job on a printing paper.
[0006] Examples of the construction and operation
of several ink jet printheads of the conventional art are
seen in the following U.S. Patents: U.S. Patent No.
4,490,728, to Vaught et al., entitled Thermal Ink Jet
Printer, describes a basic printhead; U.S. Patent No.
4,809,428, to Aden et al., entitled Thin Film Device for
An Ink Jet Printhead and Process for Manufacturing
Same and U.S. Patent No. 5,140,345, to Komuro, enti-
tled Method of Manufacturing a Substrate For A Liquid
Jet Recording Head And Substrate Manufactured By
The Method, describe manufacturing methods for ink-
jet printheads; U.S. Patent No. 5,274,400, to Johnson et
al., entitled Ink Path Geometry For High Temperature
Operation Of Ink-Jet Printheads, describes altering the
dimensions of the ink-jet feed channel to provide fluidic
drag; U.S. Patent No. 5,420,627, to Keefe et al, entitled
Ink Jet Printhead, shows a particular printhead design.

[0007] In such a conventional inkjet printhead,
chemicals, for example, ink or working liquid, are usu-
ally employed in performing a print job. For this reason,
a chamber region for storing the chemicals is mounted
at or in the printhead.

[0008] A thick film layer which ultimately defines the
chamber region is formed on a substrate that consti-
tutes a printhead. Chemicals, for example, ink or work-
ing liquid, is stored or retained stably in the chamber
region defined by the thick film layer.
[0009] Generally, the thick film layer has a thickness
of 10µm or more so that the chamber region has suffi-
cient depth and internal volume, and the thick film layer
is made of organic substances to achieve chemical sta-
bility of the layer in the presence of ink or working liquid.
[0010] In the prior art, to achieve a thick film layer
having a desired thickness, a layer made of an organic
substance and which has a predetermined thickness is
produced by spin-coating, and subsequently dried and
heat-treated. Thus, a basic thin film layer is formed on a
protection layer formed on a substrate. Then, numerous
further thin film layers are continuously formed on the
basic thin film layer by repeatedly performing the above-
described process for forming a thin film layer.
[0011] For example, to achieve a thick film layer
having a thickness of 10µm, the process for forming a
thin film layer having a thickness of 1µm is performed
ten times. This of course requires the process of drying
and heat-treatment to be performed in each repeated
process for forming a thin film layer.
[0012] When such a process for forming a thin film
layer is repeatedly performed several times, a plurality
of thin film layers are deposited to form multi-layers.
Thus, a thick film layer having a desired thickness can
be obtained, and the completed thick film layer is then
firmly assembled to a relevant position of a printhead.
[0013] However, such a conventional method for
forming a thick film layer of inkjet printhead presents
several serious problems. As described above, the con-
ventional thick film layer can be formed by depositing a
plurality of thin film layers through a repeated process
for forming a thin film layer. Here, the thin film layers that
constitute a thick film layer each form a definite dividing
line at the boundary surface with the next respective
layer. In other words, the resulting thick film layer
includes discontinuities arising from the boundaries
between its constituent thin film layers. The dividing
lines are maintained through the assembly of the thick
film layer into a certain structure of a printhead, which
causes reduction of overall durability of the printhead.
[0014] Moreover, in prior art, to form a thick film
layer, the process for drying and heat-treatment must be
repeatedly performed. This increases the overall time
required for manufacturing the device.
[0015] In addition, in the formation of a thick film
layer, because the processes for forming each single
thin film layer may not be performed simultaneously, it is
extremely difficult to form thin film layers with uniform
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thicknesses. A particular problem is that impurities, for
example, particles can interfere with the process for
forming thin film layers. As a result, the overall perform-
ance of the printhead is significantly lowered.

SUMMARY OF THE INVENTION

[0016] It is therefore an object of the present inven-
tion to provide an improved method for manufacturing a
micro-injecting device.
[0017] It is a further object of the present invention
to provide a method for manufacturing a micro-injecting
device which yields an improved thick film layer of the
device.
[0018] It is a yet further object of the invention to
provide a method which yields a thick film layer with uni-
form thickness.
[0019] It is a still further object of the invention to
provide a method which eliminates the dividing lines
between the multi-layers of the thick film.
[0020] It is a still yet further object of the invention to
prevent impurities from being incorporated in the thick
film layer.
[0021] It is another object of the invention to provide
a method for manufacturing a micro-injecting device
which takes less time.
[0022] According to a first aspect of the present
invention there is provided a method for forming a thick
film layer for use in a micro-injecting device, comprising:

a first step of depositing a first amount of a liquid
comprising an organic substance on a substrate
and spinning the substrate at a first rotation rate, to
form a first organic liquid layer;

a second step of depositing a second amount of a
liquid comprising an organic substance on the first
organic liquid layer and spinning the substrate at a
second rotation rate slower than said first rotation
rate, to form a second organic liquid layer; and

drying and heat-treating said first and second
organic liquid layers to form a combined thick film
layer.

[0023] A particular feature of the method of the
invention is that the combined thick film layer can be
made substantially free from discontinuities.
[0024] Preferably a protective film is formed on the
substrate prior to the first deposition step.
[0025] A second aspect of the present invention
provides a thick film layer for a micro-injecting device
obtainable by the method of the first aspect of the inven-
tion.
[0026] A third aspect of the present invention pro-
vides a print head for an ink jet printer including a thick
film layer according to the second aspect of the inven-
tion

[0027] Another aspect of the present invention pro-
vides a print head for an ink jet printer comprising a sub-
strate, a nozzle plate and a thick film layer disposed
between the substrate and the nozzle plate and defining
chambers for the printing ink, wherein the thick film layer
has substantially no discontinuities in a direction from
the substrate to the nozzle plate.

[0028] To achieve the above objects and other
advantages, in the present invention, an organic sub-
stance, for example, a liquid comprising a polyimide, is
deposited on a substrate on which a protection film has
been formed, while spinning the substrate at high rota-
tion rate, for example, 450 rpm to 550 rpm. Thus, a thin
film layer having a thickness of approximately 0.5µm to
5µm is formed on the protection film.
[0029] Subsequently, without performing heat-treat-
ment, an organic substance is deposited again on the
thin film layer so formed, while spinning the substrate on
which the thin film layer is formed at a low rotation rate,
for example, 20 rpm to 40 rpm. Thus, a thick film layer
having a thickness of approximately 18µm to 22µm is
formed on the protection film.
[0030] Then, the thin film layer and thick film layer
on the substrate are simultaneously heat-treated, thus
forming a single, combined, thick film layer without the
discontinuities of the prior art. Here, the single thick film
layer is formed by sequential coating processes without
any interference from heat-treatments, thereby eliminat-
ing dividing lines. As a result, the overall durability of
thick film layer can be significantly enhanced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A more complete appreciation of the inven-
tion, and many of the attendant advantages thereof, will
be readily apparent as the same becomes better under-
stood by reference to the following detailed description
when considered in conjunction with the accompanying
drawings in which like reference symbols indicate the
same or similar components, wherein:

Figures 1A to 1D are views showing a process of
forming a thick film layer of an inkjet printhead
according to the present invention;

Figure 2 is a cutaway perspective view showing an
assembly using a thick film of the present invention;
and

Figure 3 is a sectional view through I-I of Figure 2 of
an inkjet printhead which employs a thick film layer
of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0032] The present invention now will be described
more fully with reference to the accompanying draw-
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ings, in which preferred embodiments of the invention
are shown. As the terms mentioned in the specification
are determined based upon the function of the present
invention, and they can be changed according to the
technician's intention or a usual practice, the terms
should be determined considering the overall contents
of the specification of the present invention.

[0033] As shown in FIG. 1A, a liquid comprising an
organic substance, preferably, a solution comprising
polyimide, is deposited in a first step, using a deposition
means 100, on a silicon-substrate 1 on which a protec-
tion film 2 made of SiO2 has been formed, while spin-
ning, the substrate 1 as shown by arrow 110, by means
of driving a spinning stage (not shown). Spinning may
be in the direction of arrow 110 or in the opposite direc-
tion. Thus, a first organic liquid layer 31' is formed on the
protection film 2 of the substrate 1.
[0034] Preferably, the viscosity coefficient of polyim-
ide liquid is approximately 1.03 centipoise. In addition,
the substrate 1 spins in the first step at a high rotation
rate, preferably in the range of approximately 450 rpm to
550 rpm, for a time period in the range of approximately
35 seconds to 45 seconds. If the substrate 1 spins at a
high rotation rate as described above, the polyimide liq-
uid deposited on the substrate 1 by the deposition
means 100 spreads all over the substrate 1 by centrifu-
gal force. As a result, the first organic liquid layer 31' has
a thickness preferably in the range of approximately
0.5µm to 5µm, and more preferably in the range of 1µm
to 2µm.
[0035] In a second step, shown in Fig. 1B, a liquid
comprising an organic substance is deposited on the
first organic liquid layer 31' by the deposition means
100, while spinning the substrate 1 by driving the spin-
ning stage. Thus, a second organic liquid layer 32' is
formed on the first organic liquid layer 31'. Here, the liq-
uid comprising an organic substance is preferably
deposited in an amount in the range of approximately
0.6cm3 to 0.8cm3 for a specific size of substrate, and
has a viscosity coefficient of approximately 1.03
centipoise.
[0036] In addition, in the second step, the substrate
1 spins at a low rotation rate, preferably in the range of
approximately 20 rpm to 40 rpm, for a time period in the
range of approximately 30 to 40 seconds. As described
above, if the substrate 1 spins at a low rotation rate, the
polyimide liquid deposited on the first organic liquid
layer 31' by the deposition means 100 spreads all over
the first organic liquid layer 31' by centrifugal force. At
this time, a regular wave is generated in the polyimide
liquid by a viscosity of the liquid. Thus, the second
organic liquid layer 32' having uniform thickness is
formed on the first organic liquid layer 31'. The second
organic liquid layer 32' has a thickness preferably in the
range of 18µm to 22µm.
[0037] Here, the amount of the second deposition
of organic liquid and the rotation rate in the second spin-
ning of the substrate can be correctly calculated by the

following equation (1).

(1)

(Wherein, h is the total thickness of first and second
organic liquid layers, h1 is the thickness of the first
organic liquid layer, h2 is the thickness of the second
organic liquid layer to be formed, ε is a coefficient which
denotes decreases in the first and second organic liquid
layers during the heat treatment process, A is a con-
stant, ν is the viscosity coefficient in liquid, ω is the rota-
tion rate in the second spinning of the substrate, S is the
surface area of the substrate, and V is the amount of the
second deposition of the organic liquid). In this case,
various experimental values can be assigned to the
above equation (1), being based on the thickness of the
second organic liquid layer 32' to be finally formed, and
so the amount of second deposition of organic liquid
and the speed of second spinning of the substrate can
be obtained.
[0038] In the present invention, various experimen-
tal values which can be selected as values for the
amount of the second deposition of the organic liquid
and for the rotation rate of the second spinning of the
substrate, can be assigned to the equation (1), being
based on the thickness of the second organic liquid
layer 32', preferably 18µm to 22µm. That is, values of
the rotation rate and the volume of deposition can be
determined based on the desired thickness of the sec-
ond organic liquid layer. Thus, the amount of second
deposition of the organic liquid, 0.6cm3 and 0.8cm3, and
the rotation rate of the second spinning of the substrate,
20 rpm to 40 rpm, can be obtained.
[0039] As a result, the first organic liquid layer 31'
as a thin film layer and the second organic liquid layer
32' as a thick film layer are deposited in turn on the sub-
strate 1 on which the protection film 2 is formed, thereby
forming a single, combined, organic liquid layer 30' (see
figure 1B).
[0040] Subsequently, the substrate 1 on which the
single organic liquid layer 30's is formed is taken out
from the spinning stage, and is taken into a heating tank
or oven (not shown). Then, the first and second organic
liquid layers 31' and 32' which constitute the single
organic liquid layer 30' are dried and heat-treated.
[0041] Here, the drying is performed at a tempera-
ture in the range of approximately 80°C to 90°C for a
time in the range of approximately 25 minutes to 35 min-
utes, and the heat-treatment is performed preferably in
two stages at temperatures in the range of approxi-
mately 200°C to 220°C and 300°C to 330°C, and for
times in the range of 25 to 35 minutes and 60 to 70 min-
utes, respectively.
[0042] As a result, as shown in FIG. 1B, the first and
second organic liquid layers 31' and 32' are hardened
and transformed respectively into a first organic film

h = h 1 + h 2 = ε [A ν
ω
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layer 31 as a thin film layer and a second organic film
layer 32 as a thick film layer, to thereby form a single,
combined, thick film layer 30.

[0043] As described above, in the present inven-
tion, the first and second organic liquid layers 31' and
32' are sequentially formed without performing addi-
tional heat-treatment, and each is hardened by a heat-
treatment at the same time. Thus, the single thick film
layer 30 in which the first organic film layer 31 as a thin
film layer and the second organic film layer 32 as a thick
film layer are sequentially deposited can be obtained.
Thus, a dividing line between the first and second
organic film layers 31 and 32 can be prevented. As a
result, the durability of an inkjet printhead is not lowered
even when the single thick film layer 30 is assembled
into the inkjet printhead.
[0044] In addition, in the present invention, drying
and heat-treatment are performed only once so as to
form the single thick film layer 30. Thus, the time
required for completion of the manufacturing process
can be significantly reduced.
[0045] Further, in the present invention, because a
thin film layer and a thick film layer are sequentially
formed so as to form a single thick film layer, the time
period of the process for forming a film can be reduced.
Thus, the problem of impurities introduced to the proc-
ess can be rectified and a single thick film layer which
has been completed can have uniform thickness. As a
result, the overall performance of an inkjet printhead
can be significantly improved.
[0046] In a subsequent manufacturing step, as
shown in FIG. 1C, a pattern film (not shown) is formed
on the second organic film layer 32 and the first and
second organic film layers 31 and 32 are etched using
the pattern film as a mask so that the protection film 2
can be exposed. Subsequently, the residual pattern film
is removed by chemicals, to thereby complete the single
thick film layer 30 which defines a chamber region 33.
[0047] When the chamber region 33 is formed, the
single thick film layer 30 is detached from the substrate
1 using chemicals, for example, hydrogen fluoride, as
shown in FIG. 1D. Then, the single thick film layer 30 is
formally assembled in the relevant position in an inkjet
printhead.
[0048] As shown in FIG. 2, on the substrate 1, the
single thick film layer 30 of the present invention is
assembled with a nozzle plate 8 which defines nozzles
10. An ink feed channel 200 for defining an ink feed path
is formed adjacent to the chamber region 33, and the
ink fed from an external device flows along the ink feed
channel 200 to thereby fill the chamber region 33. Here,
a plurality of nozzles 10 for injecting an ink are formed
at the nozzle plate 8. Such nozzles 10 perforate through
the nozzle plate 8 and thus are exposed towards the
external surface.
[0049] An inkjet printhead which employs a single
thick film layer of the present invention operates as fol-
lows. As shown in FIG. 3, if an electric signal is applied

from an external power supply to an electrode layer (not
shown), a heater 11 that contacts the electrode layer is
energized by the electric energy and rapidly heated to a
high temperature, 500°C or higher. During such a proc-
ess, the electric energy is converted to a thermal energy
of approximately 500°C to 550°C. Then, the thermal
energy is transmitted to the chamber region 33 that con-
tacts the heater 11, and an ink 300 that fills the chamber
region 33 is rapidly heated and caused to bubble by the
transmitted thermal energy.

[0050] Here, if the thermal energy continues to be
transmitted to the chamber region 33, the bubbled ink
300 is rapidly transformed in volume and expanded.
Thus, the ink 300 is expelled from the chamber region
33 via the nozzle 10 of the nozzle plate 8 and is about to
be discharged. The ink 300 is then transformed into oval
and circular shapes in turn due to its own weight and
discharged onto external printing paper.
[0051] As described above, because the single
thick film layer 30 of the present invention consists of the
first and second organic film layers 31 and 32 which are
sequentially formed without additional heat-treatment, a
dividing line is eliminated, thereby improving the durabil-
ity of the inkjet printhead.
[0052] Then, if the electric signal supplied from an
external device is cut off at the state where the ink 300
has been discharged, the heater 11 rapidly cools down.
Then, the bubbled ink 300 remaining in the ink chamber
33 is rapidly contracted and generates restoring force
by which the ink 300 can be restored to the original
state. The restoring force so generated serves to rapidly
lower the pressure maintained in the chamber region 33
so that the ink 300 flowing through the ink feed channel
200 can rapidly refill the chamber region 33. An inkjet
printhead repeats the above-described process via an
electric signal, to thereby perform a print job onto print-
ing paper fed by an external device.
[0053] In the present invention, a first organic film
layer as a thin film layer and a second organic film layer
as a thick film layer are sequentially deposited without
an additional heat-treatment so as to thereby form a sin-
gle thick film layer. Thus, a dividing line can be elimi-
nated and impurities are prevented from being
introduced during the process can be obtained. The
present invention is applicable not only to an inkjet print-
head but also to any micro-injecting device which is
used as a micro-pump of medical appliances or fuel-
injecting device, etc.
[0054] This invention has been described above
with reference to the aforementioned embodiments. It is
evident, however, that many alternative modifications
and variations will be apparent to those having skill in
the art in light of the foregoing description. Accordingly,
the present invention embraces all such alternative
modifications and variations as fall within the spirit and
scope of the appended claims.
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Claims

1. A method for forming a thick film layer (30) for use
in a micro-injecting device, comprising:

a first step of depositing a first amount of a liq-
uid comprising an organic substance on a sub-
strate and spinning the substrate at a first
rotation rate, to form a first organic liquid layer
(31');

a second step of depositing a second amount
of a liquid comprising an organic substance on
the first organic liquid layer (31') and spinning
the substrate at a second rotation rate slower
than said first rotation rate, to form a second
organic liquid layer (32'); and

drying and heat-treating said first and second
organic liquid layers to form a combined thick
film layer (30);

2. A method as claimed in claim 1 wherein the com-
bined thick film layer (30) is substantially free from
discontinuities;

3. A method as claimed in claim 1 or 2 wherein a pro-
tective film (2) is formed on the substrate (1) prior to
the first deposition step.

4. A method according to any of claims 1 to 3, wherein
said liquid comprising organic substance is a solu-
tion comprising a polyimide.

5. A method according to any of claims 1 to 4 wherein
said first depositing step comprises using a liquid
with a viscosity coefficient of approximately 1.03
centipoise.

6. A method according to any of claims 1 to 5 wherein
the spinning of the substrate in the first step is per-
formed at a first rotation rate in the range of approx-
imately 450 to 550 rpm.

7. A method according to any of claims 1 to 6 wherein
the spinning of the substrate in the first step is per-
formed for approximately 35 to 45 seconds.

8. A method according to any of claims 1 to 7 wherein
the first step is performed to achieve a thickness of
the first organic liquid layer (31') in the range of
approximately 0.5 µm to 5µm.

9. A method according to claim 6 wherein the first step
is performed to achieve a thickness of the first
organic liquid layer (31')in the range of approxi-
mately 1 µm to 2µm.

10. A method as claimed in any preceding claim,
wherein said second depositing step comprises
using an organic liquid with a viscosity coefficient of
approximately 1.03 centipoise.

11. A method as claimed in any preceding claim,
wherein the spinning of the substrate in the second
step is performed at a second rotation rate in the
range of approximately 20 to 40 rpm.

12. A method as claimed in any preceding claim
wherein the spinning of the substrate in the second
step is performed for approximately 30 to 40 sec-
onds.

13. A method as claimed in any preceding claim,
wherein the second step is performed to achieve a
thickness of the second organic liquid layer (32') in
the range of approximately 18 to 22µm.

14. A method as claimed in any preceding claim,
wherein the second amount of liquid is in the range
of approximately 0.6 to 0.8cm3.

15. A method as claimed in any preceding claim, fur-
ther comprising the step of:

determining values for said second amount of
the organic liquid and said second rotation rate
to be used in said second step, by using the for-
mula:

(1)

where h is the total thickness of first and sec-
ond organic liquid layers, h1 is the thickness of
the first organic liquid layer, h2 is the thickness
of the second organic liquid layer to be formed,
ε is a coefficient which denotes the decreases
in the first and second organic liquid layers dur-
ing heat-treatment process, A is a constant, ν is
the viscosity coefficient of the organic liquid, ω
is the second rotation rate, S is the surface
area of the substrate, and V is the second
amount of the organic liquid.

16. A method as claimed in any preceding claim,
wherein the said drying is performed at a tempera-
ture in the range of approximately 80 to 90°C.

17. A method as claimed in claim 16, wherein in the
drying is performed for approximately 25 to 35 min-
utes.

18. A method as claimed in any preceding claim,
wherein the heat treatment step includes a first

h = h 1 + h 2 = ε [A ν
ω
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heating of the first and second organic liquid layers
(31', 32')to a temperature in the range of approxi-
mately 200 to 220°C for approximately 25 to 30 min.

19. A method as claimed in claim 18, wherein the heat
treatment step further comprises, after the first
heating, a second heating to a temperature in the
range of approximately 300 to 330°C for approxi-
mately 60 to 70 min.

20. A method as claimed in any preceding claim further
comprising the steps of

forming a chamber (33) by etching the com-
bined thick film layer (30) to partially expose the
substrate (1); and

detaching the combined thick film layer (30) from
the substrate (1).

21. A method as claimed in claim 21, wherein the etch-
ing step comprises using a pattern film formed on
the top of the combined thick film layer (30) as a
mask.

22. A method as claimed in claim 20 or 21, wherein the
detaching step comprises the use of hydrogen fluo-
ride.

23. A method of forming a nozzle assembly for a micro-
injecting device comprising forming a thick film
layer (30) by the method as claimed in any of claims
20 to 22 and

attaching the detached combined thick film
layer (30)to a nozzle plate (8).

24. A thick film layer (3)) for a micro-injecting device
obtainable by the method of any preceding claim.

25. A print head (100) for an ink jet printer including a
thick film layer (30) as claimed in claim 24.

26. A print head (100) for an ink jet printer comprising a
substrate (1), a nozzle plate (8) and a thick film
layer (30) disposed between the substrate (1) and
the nozzle plate (8) and defining chambers (33) for
the printing ink (300), wherein the thick film layer
(30) has substantially no discontinuities in a direc-
tion from the substrate (1) to the nozzle plate (8).
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