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Description

BACKGROUND OF THE INVENTION

Field of the Invention

[0001] The presentinvention relates to a liquid jet recording head for jetting liquid from an orifice and forming droplets
and a method of manufacturing the same.

Related Background Art

[0002] Conventionally, there is known a liquid jet recording method (ink jet recording method) for jetting liquid from an
orifice and executing recording by a droplet thereof. For example, Japanese Laid-Open Patent Application No. 54-
51837 discloses a type of a liquid jet recording method by which power for jetting droplets is obtained by applying ther-
mal energy to liquid. This kind of the recording method is characterized in that liquid to which the action of thermal
energy is applied is heated to produce bubbles, droplets are formed from the orifice at the extreme end of a recording
head by an acting force due to the production of the bubbles, and the droplets are deposited on a recording member for
recording information.

[0003] The liquid jet portion of a recording head applied to this recording method includes an orifice for jetting liquid
and a liquid flow path communicating with the orifice. A portion of the liquid flow path is composed as a heat acting por-
tion where thermal energy for jetting droplets is acted to the liquid. Further, the recording head includes a heat gener-
ating resistance layer as a thermal converter serving as a thermal energy generating means and an upper protection
layer for protecting the heat generating resistance layer from ink.

[0004] In order to effectively bubble ink in this type of the recording method, a bubbling surface must be heated to
about 300°C at very short pulse intervals and the temperature thereof must be returned to a room temperature in an
order of microsecond. For this purpose, the heat generating resistance layer itself must have a reduced thermal capac-
ity. Further, a thermal resistance between the heat generating resistance layer and the bubbling surface (more specifi-
cally, the thermal resistance of electrodes and the upper protection layer) must be also reduced because of the same
reason. On the other hand, since the heat generating resistance layer, electrodes and upper protection layer are usually
formed by lamination, if the heat generating resistance layer and electrodes have an excessively thin width, the step of
these portions is relatively increased. When the stepped portion is increased, the quality of the film of the upper protec-
tion layer covering these portions is deteriorated and thus a problem of the electric erosion and the like of the electrodes
and heat generating resistance layer arises.

[0005] Therefore, it is preferable to make a film thickness thin as a means for reducing the thermal capacity of the
heat generating resistance layer. Further, a thermal resistance can be reduced by making the film thickness of the elec-
trodes and upper protection layer. A specific film thickness is preferably 0.1 to 1 micron. Conventionally, when an inor-
ganic material used for the heat generating resistance layer, electrodes and protection layer is formed to such a film
thickness, the film is formed by using a vacuum process such as a vacuum vapor deposition and sputtering method.
The vacuum process, however, needs a large manufacturing apparatus as well as the productivity thereof is not so good
because severe environmental conditions are required for the formation of a good thin film. Further, this process is not
always preferable from the view point of cost because the manufacturing apparatus is expensive.

[0006] US-A-4,737,803 discloses a thermal electrostatic ink-jet recording apparatus comprising a recording head
body wherein one wall member thereof comprises an electrically conductive organic resistance film which may be a
polyimide, polyamide, polysulfone, polyphenyloxide, polycarbonate, polyester and fluorinated polymer resin.

SUMMARY OF THE INVENTION

[0007] Taking the above problem into consideration, the inventor has discovered a completely novel method as a
result of a zealous study. The present invention provides a method of manufacturing a liquid jet recording head by which
a thin film composed of an inorganic material can be formed by a conventionally used method such as a printing method
and coating method executed in the atmosphere, the method being able to be relatively easily achieved, a head made
by the manufacturing method, and a liquid jet recording apparatus including the head and a member for mounting the
head. A main object of the present invention is to provide a liquid jet recording apparatus including a heat acting portion
communicating with a liquid jetting orifice for applying thermal energy to a liquid to form a bubble, an electrothermal
converter for generating the thermal energy, a heat generating resistance layer contained in the electrothermal con-
verter, and electrode layers for imposing a voltage to the heat generating resistance layer contained in the electrother-
mal converter. This object can be achieved by the method as defined in claim 1 or 2, wherein the heat generating
resistance layer or the inorganic protective layer is composed mainly of an organic resinate.
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[0008] The organic resinate used in the present invention generally includes carboxylate, carboxylic acid ester, alkox-
ide, rosin ester, polycyclic organic compound, siloxanes, boric acid compound, and the like.

[0009] According to the present invention, since a desired thin film can be easily formed in the atmosphere, a highly
reliable liquid jet recording head of low cost with high productivity can be provided. Further, the liquid jet recording head
can stably jet liquid even if it is driven at a high frequency because a thick film such as that formed of a dispersed mate-
rial of inorganic material and glass used in a conventional printing method and coating method is not formed and the
surface property of a film is not degraded.

[0010] Further, the inventors have discovered that the present invention has an advantage completely different from
the aforesaid advantage in addition to it. That is, according to the present invention, defective portions such as pin holes
and the like of a thin film conventionally found in a sputtering method and the like are greatly reduced. This is supposed
to be caused by the fact that the thin film is not liable to be porous because it is not affected by a high voltage imposed
thereon and severe environmental conditions. This advantage can further reduce the electric erosion of a heat gener-
ating resistance layer and electrode by ink.

[0011] As described above, the present invention is epock-making in that when a thin film is formed of an inorganic
material, the film is made as fine as a film composed of an organic material and the film can be formed easily.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a schematic partial cross sectional view showing the layer arrangement of the heater board of a recording
head made to Examples 1 - 23;

Fig. 2 is a schematic plan view showing the position and the like of the cross sectional line X - Y in the cross sec-
tional view in Fig. 1;

Fig. 3 is a schematic partial cross sectional view showing the layer arrangement of the heater board of a recording
head made by Examples 24 - 35;

Fig. 4 is a schematic plan view showing the position and the like of the cross sectional line X - Y in the cross sec-
tional view in Fig. 3; and

Fig. 5 is an outside perspective view showing an example of an ink jet recording apparatus to which a recording
head of the present invention is mounted as an ink jet head cartridge.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0013] The present invention will be described below in more detail.

[0014] Although a property required to a heat generating resistance layer is a small thermal capacity as described
above, this property relates to the bubbling stability of bubbles, and in particular an increase in a driving frequency
increases the effect of the bubbling stability, which leads to unstable bubbling and jet operation in its turn. Further, as a
recent tendency, as a recording head has an increased length and an apparatus has a reduced size, a heat generating
portion is required to save power consumption, and thus the resistance of the heat generating resistance layer is
increased.

[0015] A material satisfying these properties includes ZrB,, TiB,, Ta,Si, Ti,Si, TaAl and the like. The present invention
forms the heat generating resistance layer composed mainly of an organic resinate containing these inorganic materi-
als so that a thin film having substantially the same property as that of a thin film formed by a vacuum process such as
a conventional sputtering method and the like can be formed. Further, since the thin film can be formed in the atmos-
phere, a recording head which is more reliable and more durable than a conventional recording head can be made.
[0016] Although a metal such as Au, Al having a high conductivity has been used as electrodes, the present invention
can form a thin film having substantially the same property as that of a thin film conventionally formed by the vacuum
process such as the sputtering method and the like by forming the electrodes mainly of an organic resinate containing
these metals.

[0017] Further, in the case of a liquid jet recording head of a type in which the heat generating resistance layer and
electrodes come into direct contact with ink, a material excellent in electrochemical stability must be used in addition to
the aforesaid respective characteristics. For example, a material such as WNi, ZrCr, Talr, TaFe, ZrNi is used as the heat
generating resistance layer, and a material such as Au, Pt is used as the electrodes. The present invention can provide
a highly reliable liquid jet recording apparatus by forming the heat generating resistance layer and optionally the elec-
trodes formed mainly of an organic resinate containing these respective materials. According to an alternative of the
present invention, the inorganic protective layer provided on the electrothermal converting element is formed mainly of
an inorganic resinate. Moreover, since the thin film formed by the present invention includes a reduced number of defec-
tive portions such as pin holes, a resistance value is not partially concentrated, and thus the reliability of the heat gen-
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erating resistance layer and electrodes can be greatly improved.

[0018] Although the present invention can exhibit a sufficient advantage even if the heat generating resistance layer
or the electrodes are independently used, when they are used in combination, the advantage thereof can be further
improved in multiplication.

[0019] On the other hand, a protection layer is composed of a multi-layer including a conventional insulation layer,
liquid-resistant layer, and cavitation-resistant layer provided for each function. In the present invention, however, electric
erosion caused from defective portions such as pin holes, which has been conventionally a particular problem, can be
securely prevented by forming at least the portion of the protection layer in contact with ink mainly of an organic resinate
containing an inorganic material conventionally used for the protection layer. In particular, since the cavitation-resistant
layer coming into contact wtih the ink as a heat acting portion must be composed of a material excellent in mechanical
shock resistance, a thermally and chemically stable metal material such as Ta, W, Pt or the like is used, and a protection
layer having a stable resistance to mechanical shock even at a high temperature can be formed by forming the cavita-
tion-resistant layer mainly of an organic resinate containing these materials.

[0020] Needless to say, the advantage of the present application can be further improved by using the aforesaid heat
generating resistance layer and electrodes together in addition to the protection layer.

[0021] According to the present invention, a cost for forming the thin film, when compared with a cost for forming the
same by a vacuum film forming method, can be greatly reduced to about 1/8 with respect to the heat generating resist-
ance layer, about 1/10 with respect to the electrodes, and 1/12 with respect to the protection layer. Further, the thin film
can be formed at a lower cost as compared with the case in which the film is formed of a dispersed organic material
and glass used in a conventional printing method, coating method and the like, and the reliability of the thus formed film
is improved.

[0022] The thin film composed mainly of the organic resinate according to the present invention is formed in such a
process that a paste composed mainly of the organic resinate is coated on a substrate by a coating method, printing
method or the like and then dried to remove the solvent contained in the paste and further baked in an atmosphere con-
taining a sufficient amount of oxygen at 350°C or higher or preferably at 600°C or higher to remove a resin component
contained in the paste.

[0023] Fig. 5 is an outside perspective view showing an example of an ink jet recording apparatus (IJRA) on which a
recording head obtained by the present invention is mounted as an ink jet head cartridge (hereinafter, abbreviated as
IJC).

[0024] In Fig. 5, reference numeral 20 designates the ink jet head cartridge (IJC) having a group of nozzles for jetting
ink in confrontation with the recording surface of a recording paper fed onto a platen 24. Numeral 16 designates a car-
riage HC for holding the 1JC 20. The carriage 16 is connected to a portion of a drive belt 18 for transmitting the drive
force of a drive motor 17 so that it can slide along two guide shafts 19A and 19B disposed in parallel to each other. With
this arrangement, the carriage 16 can reciprocatingly move over the entire width of the recording paper.

[0025] Numeral 26 designates a head recovery unit disposed at an end of the moving path of the IJC 20, e.g., a posi-
tion confronting the home position thereof. The IJC 20 is capped by operating the head recovery unit 26 by the drive
force of a motor 22 through a power transmission mechanism 23. A jet capability recovery processing is performed in
such a manner that ink is sucked by a suitable sucking means provided with the head recovery unit 26 or fed under
pressure by a suitable pressurizing means provided with an ink feed path to the IJC 20, in association with the capping
of the IJC 20 effected by the cap portion 26A of the head recovery unit 26, to forcibly discharge ink from a jet port to
thereby remove ink with an increased viscosity in the nozzles. In addition, the 1JC is protected by performing capping
upon the completion of recording, and the like.

[0026] Numeral 30 designates a blade as a wiping member formed of silicon rubber and disposed on the side surface
of the head recovery unit 26. The blade 30 is cantilevered by a blade holding member 30A, operated by the motor 22
and a transmission mechanism 23 in the same way as the head recovery unit 26, and can be engaged with the jet sur-
face of the IJC 20. With this arrangement, the blade 30 is projected into the moving path of the IJC 20 at a proper timing
in the recording operation of the IJC 20 or after the jet capability recovery processing effected by using the head recov-
ery unit 26, to wipe dew drops, wetting, dust and the like on the jet surface of the IJC 20 which are produced as the IJC
20 is moved in operation.

Examples

[0027] The present invention will be described below in detail with reference to examples.

[0028] Fig. 1 is a schematic partial cross sectional view showing the layer arrangement of the heater board of a
recording head made by Examples 1 - 23. The cross sectional position of the heater board is shown by the cross sec-
tional line X - Y of the schematic partial plan view of Fig. 2 In Fig. 1, the heater board is arranged such that a heat accu-
mulation layer 102, heat generating resistance layer 103, electrode layers 104, first protection layer 105, second
protection layer 106, and third protection layer 107 are sequentially laminated at the predetermined positions on a sub-
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strate 101. The heat generating resistance layer 103 between the electrodes serves as a heat generating portion 201.

(Examples 1 -5)

[0029] First, the substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate
101 to a thickness of 2.0 microns as the heat accumulation layer 102. Then, the heat generating resistance layer 103
was spin coated on the heat accumulation layer 102 by using the conditions and materials shown in Table 1. Note, metal
resinates made by Engelthard Co., Ltd. (trade names are shown in Table 1) were used as an organic resinate for the
material of the heat generating resistance layer 103. In the spin coating, the organic resinate was diluted with chlo-
romethane to provide the material with a predetermined viscosity.

[0030] Next, Al was formed on the heat generating resistance layer 103 to a film thickness of 0.6 micron by vapor dep-
osition and a circuit pattern shown by the dotted line in Fig. 2 was formed by photolithography as the electrode layers
104. In addition, with the formation of the electrode layers 104, the heat generating portion 201 was also formed
between the electrodes in the size of 30 microns x 150 microns. Then, SiO, was sputtered on the electrode layers 104
to a film thickness of 1.0 micron as the first protection layer 105. Further, Ta was sputtered on the first protection layer
105 to a film thickness of 0.5 micron and formed to a bar-shaped pattern as shown by the solid line in Fig. 2 by photo-
lithography as the second protection layer 106. Further, heat sensitive polyimide was coated on the second protection
layer 106 and formed to a pattern having a shape shown in Fig. 1 as the third protection layer 107. The heater board
was completed by the above process.

[0031] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 1)

[0032] A liquid jet recording head was made by the same way as that of Example 1 except that a heat generating
resistance layer 103 was not formed of an organic resinate but formed by sputtering TasN to a film thickness of 0.2
micron.

(Comparative Example 2)

[0033] A liquid jet recording head was made by the same way as that of Example 2 except that a heat generating
resistance layer 103 was not formed of an organic resinate but formed by using dispersed ruthenium oxide and glass
formed to a thickness of about 2 microns by a printing method and that a first protection layer 105 was formed to a film
thickness of 3 microns for an ink shut-off property.
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(Evaluation of Bubbling Characteristics )

[0034] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually
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observed for evaluation with respect to the respective recording heads made by Examples 1 - 5 and Comparative
Examples 1 - 2. The result of the evaluation is shown in Table 2.

[0035] As shown in Table 2, the recording head of Comparative Example 1 has an unstable bubbling state at the driv-
ing frequency of 50 kHz. The recording head of Comparative Example 2 has an unstable bubbling state at the driving
frequency of 10 kHz and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other hand,
the recording heads of Examples 1 - 5 have a stable ink bubbling state even at a high driving frequency because the
heat generating resistance layer 103 has a small thermal capacity and thus the first protection layer 105 may be thin.

Table 2
Driving Frequency
10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz
Example 1 O O O O O O A
Example 2 O O O O O O A
Example 3 O O O O O O A
Example 4 O O O O O O A
Example 5 O O O O O O A
Comparative Example 1 O O O O O O A
Comparative Example 2 A X X X X X X

O normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Thermal Stress)

[0036] A recording signal was imposed on the respective recording heads made by Examples 1 - 5 and Comparative
Example 1 under the conditions of driving frequency = 5.0 kHz, rectangular pulse width = 10 microseconds, driving volt-
age = bubbling voltage x 1.4 and durability against thermal stress was evaluated by the broken pulses thereof. The
result of the evaluation is shown in Table 3.

[0037] As shown in Table 3, the recording heads of Examples 1 - 5 and the recording head of Comparative Example
1 have broken pulses of an order of 108 - 109 and thus they have the same durability against thermal stress. More spe-
cifically, even if the heat generating resistance layer is formed by coating, the durability thereof is not inferior to that of
a heat generating resistance layer made by a vacuum thin film forming process.

Table 3
Broken Pulses
Example 1 3x108
Example 2 5x 108
Example 3 1x10°
Example 4 3x 108
Example 5 2x108
Comparative Example 1 3x 108

(Examples 6 - 7)

[0038] A substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate 101 to a
thickness of 2.0 microns as a heat accumulation layer 102. Then, HfB, was sputtered on the heat accumulation layer
102 to a film thickness of 0.1 micron as a heat generating resistance layer 103. A layer serving as electrode layers were
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spin coated on the heat generating resistance layer 103 by using the conditions and materials shown in Table 4. Note,
metal resinates made by Engelthard Co., Ltd. (trade names are shown in Table 4) were used as an organic resinate for
the material of the layers. Further, in the spin coating, the organic resinate was diluted with chloromethane to provide
the material with a predetermined viscosity. The layer was formed to a circuit pattern shown by the dotted line of Fig. 2
to make the electrode layers 104. In addition, with the formation of the electrode layers 104, a heat generating portion
201 was also formed between the electrodes in the size of 30 microns x 150 microns. Then, SiO, was sputtered on the
electrode layers 104 to a film thickness of 1.0 micron as a first protection layer 105. Further, Ta was sputtered on the
first protection layer 105 to a film thickness of 0.5 micron and formed to a bar-shaped pattern as shown by the solid line
in Fig. 2 by photolithography to form a second protection layer 106. Further, heat sensitive polyimide was coated on the
second protection layer 106 and formed to a pattern having a shape shown in Fig. 1 to form a third protection layer 107.
A heater board was completed by the above process.

[0039] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 3)

[0040] A liquid jet recording head was made by the same way as that of Example 6 except that electrode layers 104
were not formed of an organic resinate but formed to a film thickness of 0.6 micron by vacuum evaporating Al.

(Comparative Example 4)

[0041] A liquid jet recording head was made by the same way as that of Example 6 except that electrode layers 104
were not formed of an organic resinate but formed by using dispersed Au and glass formed to a thickness of about 2
microns by a printing method and that a first protection layer 105 was formed to a film thickness of 3 microns for an ink
shut-off property.
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(Evaluation of Bubbling Characteristics )

[0042] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually
observed for evaluation with respect to the respective recording heads made by Examples 6 - 7 and Comparative
Examples 3 - 4. The result of the evaluation is shown in Table 5.

[0043] As shown in Table 5, the recording head of Comparative Example 3 has an unstable bubbling state at the driv-
ing frequency of 50 kHz. The recording head of Comparative Example 4 has an unstable bubbling state at the driving
frequency of 10 kHz and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other hand,
the recording heads of Examples 6 - 7 have a stable ink bubbling state even at a high driving frequency because the
first protection layer 105 may be thin.

Table 5
Driving Frequency
10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz
Example 6 O O O O O O A
Example 7 O O O O O O A
Comparative Example 3 O O O O O O A
Comparative Example 4 A X X X X X X

O normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Thermal Stress)

[0044] A recording signal was imposed on the respective recording heads made by Examples 6 - 7 and Comparative
Example 1 under the conditions of driving frequency = 5.0 kHz, rectangular pulse width = 10 microseconds, driving volt-
age = bubbling voltage x 1.4 and durability against thermal stress was evaluated by the broken pulse thereof. The result
of the evaluation is shown in Table 6.

[0045] As shown in Table 6, the recording heads of Examples 6 - 7 and the recording head of Comparative Example
3 have broken pulses of an order of 108 and thus they have the same durability against thermal stress. More specifically,
even if the electrode layers are formed by coating, the durability thereof is not inferior to that of electrode layers made
by a vacuum thin film forming process.

Table 6
Broken Pulses
Example 6 7 x 108
Example 7 6 x 108
Comparative Example 3 7 x 108

(Examples 8 - 12)

[0046] A substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate 101 to a
thickness of 2.0 microns as a heat accumulation layer 102. Then, a heat generating resistance layer 103 was spin
coated on the heat accumulation layer 102 by using the conditions and materials shown in Table 7. Note, metal resin-
ates made by Engelthard Co., Ltd. (trade names are shown in Table 7) were used as an organic resinate for the material
of the heat generating resistance layer 103. In the spin coating, the organic resinate was diluted with chloromethane to
provide the material with a predetermined viscosity.

[0047] An organic resinate material for Al, which was obtained by diluting a metal resinate made by Engelthard Co.,
Ltd. (trade name: A-3808, composed mainly of carboxylate) with chloromethane to a viscosity of 11 cp, was spin coated
on the heat generating resistance layer 103 under the coating conditions of a first step; 500 rpm x 5 seconds and a sec-
ond step; 3000 rpm x 30 seconds. The coated film was baked at a room temperature for 10 minutes, at 120°C for 10
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minutes and at 550°C for 10 minutes. Then, an Al thin layer having a final film thickness of 0.7 micron and a sheet resist-
ance of 0.05 ohm/O was formed for electrode layers. Then, the Al thin film was formed to a circuit pattern shown by the
dotted line in Fig. 2 by photolithography to form the electrode layers 104. In addition, with the formation of the electrode
layers 104, a heat generating portion 201 was also formed between the electrodes in the size of 30 microns x 150
microns. Then, SiO, was sputtered on the electrode layers 104 to a film thickness of 1.0 micron as a first protection
layer 105. Further, Ta was sputtered on the first protection layer 105 to a film thickness of 0.5 micron and formed to a
bar-shaped pattern as shown by the solid line in Fig. 2 by photolithography to form a second protection layer 106. Fur-
ther, heat sensitive polyimide was coated on the second protection layer 106 and formed to a pattern having a shape
shown in Fig. 1 to form a third protection layer 107. A heater board was completed by the above process.

[0048] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 5)

[0049] A liquid jet recording head was made by the same way as that of Example 8 except that a heat generating
resistance layer 103 and electrode layers 104 were not formed of an organic resinate but the former was formed by
sputtering Ta,N to a film thickness of 0.2 micron and the latter was formed by vacuum evaporating Al to a film thickness
of 0.6 micron.

(Comparative Example 6)

[0050] A liquid jet recording head was made by the same way as that of Example 8 except that a heat generating
resistance layer 103 and electrode layers 104 were not formed of an organic resinate but the former was formed by
using dispersed ruthenium oxide and glass formed to a thickness of about 2 microns by a printing method and the latter
was formed by using dispersed Au and glass formed to a thickness of about 2 microns by a printing method and that a
first protection layer 105 was formed to a film thickness of 4 microns for an ink shut-off property.

12
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(Evaluation of Bubbling Characteristics )

[0051] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually
observed for evaluation with respect to the respective recording heads made by Examples 8 - 12 and Comparative
Examples 5 - 6. The result of the evaluation is shown in Table 8.

[0052] As shown in Table 8, the recording head of Comparative Example 5 has an unstable bubbling state at the driv-
ing frequency of 50 kHz. The recording head of Comparative Example 6 has an unstable bubbling state at the driving
frequency of 10 kHz and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other hand,

14



10

15

20

25

30

35

40

45

50

55

EP 0 576 017 B1

the recording heads of Examples 8 - 12 have a stable ink bubbling state even at a high driving frequency because the
heat generating resistance layer 103 has a small heat capacity and thus the first protection layer 105 may be thin.

Table 8
Driving Frequency
10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz
Example 8 O O O O O O A
Example 9 O O O O O O A
Example 10 O O O O O O A
Example 11 O O O O O O A
Example 12 O O O O O O A
Comparative Example 5 O O O O O O A
Comparative Example 6 A X X X X X X

O normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Thermal Stress)

[0053] A recording signal was imposed on the respective recording heads made by Examples 8 - 12 and Comparative
Example 5 under the conditions of driving frequency = 5.0 kHz, rectangular pulse width = 10 microseconds, driving volt-
age = bubbling voltage x 1.4 and durability against thermal stress was evaluated by the broken pulses thereof. The
result of the evaluation is shown in Table 9.

[0054] As shown in Table 9, the recording heads of Examples 8 - 12 and the recording head of Comparative Example
5 have broken pulses of an order of 108 - 109 and thus they have the same durability against thermal stress. More spe-
cifically, even if the heat generating resistance layer and electrode layers are formed by coating, the durability thereof is
not inferior to that of a heat generating resistance layer and electrode layers made by a vacuum thin film forming proc-
ess.

Table 9
Broken Pulses
Example 8 3x 108
Example 9 5x 108
Example 10 1x10°
Example 11 3x 108
Example 12 2 x 108
Comparative Example 5 3x 108

(Examples 13- 17)

[0055] A substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate 101 to a
thickness of 2.0 microns as a heat accumulation layer 102. Then, HfB, was sputtered on the heat accumulation layer
102 to a film thickness of 0.2 micron as a heat generating resistance layer 103. Then, Al was vacuum evaporated on
the heat generating resistance layer 103 to a thickness of 0.6 micron and formed to a circuit pattern shown by the dotted
line in Fig. 2 by photolithography to form electrode layers 104. With the formation of the electrode layers 104, a heat
generating portion 201 was also formed in the size of 30 microns x 150 microns. Then, SiO, was sputtered on the elec-
trode layers 104 to a film thickness of 1.0 micron as a first protection layer 105. A second protection layer (an upper pro-
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tection layer in contact with ink on a heat acting portion) was formed by spin coating by using the conditions and
materials shown in Table 10. Note, metal resinates made by Engelthard Co., Ltd. (trade names are shown in Table 10)
were used as an organic resinate for the material of the layer. Further, in the spin coating, the organic resinate was
diluted with chloromethane to provide the material with a predetermined viscosity. Then, the layer was formed to a bar-
shaped pattern shown by the solid line of in Fig. 2 to make it a second protection layer 106. Further, heat sensitive poly-
imide was coated on the second protection layer 106 and formed to a pattern having a shape shown in Fig. 1 to form a
third protection layer 107. A heater board was completed by the above process.

[0056] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 7)

[0057] A liquid jet recording head was made by the same way as that of Example 13 except that a second protection
layer 106 was not formed of an organic resinate but formed to a film thickness of 0.5 micron by sputtering Ta.

(Comparative Example 8)
[0058] A liquid jet recording head was made by the same way as that of Example 13 except that a second protection

layer 106 was not formed of an organic resinate but formed to a thickness of about 2 microns by a printing method by
using dispersed Ta and glass.

16
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(Evaluation of Bubbling Characteristics )

[0059] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually
observed for evaluation with respect to the respective recording heads made by Examples 13 - 17 and Comparative
Examples 7 - 8. The result of the evaluation is shown in Table 11.

[0060] As shown in Table 11, the recording head of Comparative Example 7 has an unstable bubbling state at the
driving frequency of 50 kHz. The recording head of Comparative Example 8 has an unstable bubbling state at the driv-
ing frequency of 10 kHz and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other
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hand, the recording heads of Examples 13 - 17 have a stable ink bubbling state even at a high driving frequency
because the second protection layer 106 has a large heat transfer coefficient and is thin.

Table 11
Driving Frequency
10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz
Example 13 O O O O O O A
Example 14 O O O O O O A
Example 15 O O O O O O A
Example 16 O O O O O O A
Example 17 O O O O O O A
Comparative Example 7 O O O O O O A
Comparative Example 8 A X X X X X X

O normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Jet Operation}

[0061] A recording signal was imposed on the respective recording heads made by Examples 13 - 17 and Compara-
tive Example 7 under the conditions of driving frequency = 2.0 kHz, rectangular pulse width = 10 microseconds, driving
voltage = bubbling voltage x 1.15 and drive segment = 500 bits, and durability against jet operation was evaluated by
the number of broken segments thereof. The result of the evaluaiton is shown in Table 12.

[0062] As shown in Table 12, the recording heads of Examples 13 - 17 and the recording head of Comparative Exam-
ple 7 have no broken segment even at 1 x 10° and thus they have the same durability against jet operation. More spe-
cifically, even if the upper protection layer is formed by coating, the durability thereof is not inferior to that of an upper
protection layer made by a vacuum thin film forming process.

Table 12
Number of Broken Segments
Number of Pulses 1x108 | 3x108 | 5x 108 | 1x10°
Example 13 0 0 0 0
Example 14 0 0 0 0
Example 15 0 0 0 0
Example 16 0 0 0 0
Example 17 0 0 0 0
Comparative Example 7 0 0 0 0

(Examples 18 - 23)

[0063] A substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate 101 to a
thickness of 2.0 microns as a heat accumulation layer 102. Then, a heat generating resistance layer 103 was spin
coated on the heat accumulation layer 102 by using the conditions and materials shown in Table 13. Note, metal resin-
ates made by Engelthard Co., Ltd. (trade names are shown in Table 13) were used as an organic resinate for the mate-
rial of the heat generating resistance layer 103. In the spin coating, the organic resinate was diluted with chloromethane
to provide the material with a predetermined viscosity.

[0064] An organic resinate material for Al, which was obtained by diluting a metal resinate made by Engelthard Co.,

19
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Ltd. (trade name: A-3808, composed mainly of carboxylate) with chloromethane to a viscosity of 11 cp, was spin coated
on the heat generating resistance layer 103 under the coating conditions of a first step; 500 rpm x 5 seconds and a sec-
ond step; 3000 rpm x 30 seconds. The coated film was baked at a room temperature for 10 minutes, at 120°C for 10
minutes and at 550°C for 10 minutes. Then, an Al thin layer having a final film thickness of 0.7 micron and a sheet resist-
ance of 0.05 ohm/0 was formed for electrode layers. Then, the Al thin film was formed to a circuit pattern shown by the
dotted line in Fig. 2 by photolithography to form the electrode layers 104. In addition, with the formation of the electrode
layers 104, a heat generating portion 201 was also formed between electrodes in the size of 30 microns x 150 microns.

[0065] Then, SiO, was sputtered on the electrode layers 104 to a film thickness of 1.0 micron as a first protection layer
105. A second protection layer (an upper protection layer in contact with ink on a heat acting portion) was formed by
spin coating by using the conditions and materials shown in Table 13. Note, metal resinates made by Engelthard Co.,
Ltd. (trade names are shown in Table 13) were used as an organic resinate for the material of the layer. Further, in the
spin coating, the organic resinate was diluted with chloromethane to provide the material with a predetermined viscos-
ity. Then, the layer was formed to a bar-shaped pattern shown by the solid line of in Fig. 2 to make it a second protection
layer 106. Further, heat sensitive polyimide was coated on the second protection layer 106 and formed to a pattern hav-
ing a shape shown in Fig. 1 to form a third protection layer 107. A heater board was completed by the above process.
[0066] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 9)

[0067] A liquid jet recording head was made by the same way as that of Example 18 except that a heat generating
resistance layer 103, electrode layers 104 and a second protection layer were not formed of an organic resinate but the
heat generating resistance layer 103 was formed by sputtering Ta,N to a film thickness of 0.2 micron, the electrode lay-
ers 104 were formed by vacuum evaporating Al to a film thickness of 0.6 micron, and the second protection layer 106
was formed by sputtering Ta to a film thickness of 0.5 micron.

(Comparative Example 10)

[0068] A liquid jet recording head was made by the same way as that of Example 18 except that a heat generating
resistance layer 103, electrode layers 104 and a second protection layer 106 were not formed of an organic resinate but
the heat generating resistance layer 103 was formed by using dispersed ruthenium oxide and glass formed to a thick-
ness of about 2 microns by a printing method, the electrode layers 104 were formed by using dispersed Au and glass
formed to a thickness of about 2 microns by a printing method, and the second protection layer 106 was formed by using
dispersed Ta and glass formed to a thickness of about 2 microns by a printing method and that a first protection layer
105 was formed to a film thickness of 4 microns for an ink shut-off property.
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(Evaluation of Bubbling Characteristics )

[0069] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually
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observed for evaluation with respect to the respective recording heads made by Examples 18 - 23 and Comparative
Examples 9 - 10. The result of the evaluation is shown in Table 15.

[0070] As shown in Table 15, the recording head of Comparative Example 9 has an unstable bubbling state at the
driving frequency of 50 kHz. The recording head of Comparative Example 10 has an unstable bubbling state at the driv-
ing frequency of 10 kHz and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other
hand, the recording heads of Examples 18 - 23 have a stable ink bubbling state even at a high driving frequency
because the heat generating resistance layer 103 has a small heat capacity, the second protection layer 106 has a large
heat transfer coefficient and a thin film thickness and thus the first protection layer 105 may be thin.

Table 15
Driving Frequency
10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz
Example 18 O O O O O O A
Example 19 O O O O O O A
Example 20 O O O O O O A
Example 21 O O O O O O A
Example 22 O O O O O O A
Example 23 O O O O O O A
Comparative Example 9 O O O O O O A
Comparative Example 10 A X X X X X X

QO normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Jet Operation}

[0071] A recording signal was imposed on the respective recording heads made by Examples 18 - 23 and Compara-
tive Example 9 under the conditions of driving frequency = 2.0 kHz, rectangular pulse width = 10 microseconds, driving
voltage = bubbling voltage x 1.15 and drive segment = 500 bits, and durability against jet operation was evaluated by
the number of broken segments thereof. The result of the evaluation is shown in Table 16.

[0072] As shown in Table 16, the recording heads of Examples 18 - 23 and the recording head of Comparative Exam-
ple 9 have no broken segment even at 1 x 10° and thus they have the same durability against jet operation. More spe-
cifically, even if the upper protection layer and the like are formed by coating, the durability thereof is not inferior to that
of an upper protection layer and the like made by a vacuum thin film forming process.

Table 16
Number of Broken Segments
Number of pulses 1x108 | 3x108 | 5x10% | 1x10°
Example 18 0 0 0 0
Example 19 0 0 0 0
Example 20 0 0 0 0
Example 21 0 0 0 0
Example 22 0 0 0 0
Example 23 0 0 0 0
Comparative Example 9 0 0 0 0
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[0073] Fig. 3 is a schematic partial cross sectional view showing the layer arrangement of the heater board of a
recording head made by Examples 24 - 35. The cross sectional position of the heater board is shown by the cross sec-
tional line X - Y of the schematic partial plan view of Fig. 4. In Fig. 3, the heater board is arranged such that a heat accu-
mulation layer 102, heat generating resistance layer 103 and electrode layers 104 are sequentially laminated at the
predetermined positions on a substrate 101. The heat generating resistance layer 103 between the electrodes serves
as a heat generating portion 201.

(Examples 24 - 28)

[0074] First, the substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate
101 to a thickness of 2.0 microns as the heat accumulation layer 102. Then, the heat generating resistance layer 103
was spin coated on the heat accumulation layer 102 by using the conditions and materials shown in Table 17. Note,
metal resinates made by Engelthard Co., Ltd. (trade names are shown in Table 17) were used as an organic resinate
for the material of the heat generating resistance layer 103. In the spin coating, the organic resinate was diluted with
chloromethane to provide the material with a predetermined viscosity.

[0075] Next, chemically stable Au was formed on the heat generating resistance layer 103 to a film thickness of 0.6
micron by vapor deposition and a circuit pattern shown in Fig. 4 was formed by photolithography as the electrode layers
104. In addition, with the formation of the electrode layers 104, the heat generating portion 201 was also formed
between the electrodes in the size of 30 microns x 150 microns. The heater board was completed by the above process.
[0076] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 11)

[0077] A liquid jet recording head was made by the same way as that of Example 24 except that a heat generating
resistance layer 103 was not formed of an organic resinate but formed by sputtering Al-Ta-Ir to a film thickness of 0.2
micron.

(Comparative Example 12)

[0078] A liquid jet recording head was made by the same way as that of Example 24 except that a heat generating

resistance layer 103 was not formed of an organic resinate but formed by using dispersed iridium oxide and glass
formed to a thickness of about 2 microns by a printing method.
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(Evaluation of Bubbling Characteristics )

[0079] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually
observed for evaluation with respect to the respective recording heads made by Examples 24 - 28 and Comparative
Examples 11 - 12. The result of the evaluation is shown in Table 18.

[0080] As shown in Table 18, the recording head of Comparative Example 11 has an unstable bubbling state at the
driving frequency of 50 kHz. The recording head of Comparative Example 12 has an unstable bubbling state at the driv-
ing frequency of 10 kHz and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other
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hand, the recording heads of Examples 24 - 28 have a stable ink bubbling state even at a high driving frequency
because the heat generating resistance layer 103 has a small thermal capacity.

Table 18

Driving Frequency

10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz

Example 24 O O O O O O O
Example 25 O O O O O O O
Example 26 O O O O O O O
Example 27 O O O O O O O
Example 28 O O O O O O O
Comparative Example 11 O O @) O O O O
Comparative Example 12 A X X X X X X

(O normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Jet Operation}

[0081] A recording signal was imposed on the respective recording heads made by Examples 24 - 28 and Compara-
tive Example 11 under the conditions of driving frequency = 2.0 kHz, rectangular pulse width = 10 microseconds, driving
voltage = bubbling voltage x 1.15 and drive segment = 500 bits, and durability against jet operation was evaluated by
the number of broken segments thereof. The result of the evaluation is shown in Table 19.

[0082] As shown in Table 19, the recording heads of Examples 24 - 28 and the recording head of Comparative Exam-
ple 11 have no broken segment even at 1 x 10° and thus they have the same durability against jet operation. More spe-
cifically, even if the heat generating resistance layer is formed by coating, the durability thereof is not inferior to that of
a heat generating resistance layer made by a vacuum thin film forming process.

Table 19
Number of Broken Segments
Number of Pulses 1x108 | 3x108 | 5x10% | 1x10°
Example 24 0 0 0 0
Example 25 0 0 0 0
Example 26 0 0 0 0
Example 27 0 0 0 0
Example 28 0 0 0 0
Comparative Example 11 0 0 0 0

(Reference Examples 29 - 30)

[0083] A substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate 101 to a
thickness of 2.0 microns as a heat accumulation layer 102. Then, HfB, was sputtered on the heat accumulation layer
102 to a film thickness of 0.1 micron as a heat generating resistance layer 103. A layer serving as electrode layers was
spin coated on the heat generating resistance layer 103 by using the conditions and materials shown in Table 20. Note,
metal resinates made by Engelthard Co., Ltd. (trade names are shown in Table 20) were used as an organic resinate
for the material of the layers. Further, in the spin coating, the organic resinate was diluted with chloromethane to provide
the material with a predetermined viscosity. The layer was formed to a circuit pattern shown in Fig. 4 to make the elec-
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trode layers 104. In addition, with the formation of the electrode layers 104, a heat generating portion 201 was also
formed between the electrodes in the size of 30 microns x 150 microns. A heater board was completed by the above
process.

[0084] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 13)

[0085] A liquid jet recording head was made by the same way as that of Reference Example 29 except that electrode
layers 104 were not formed of an organic resinate but formed to a film thickness of 0.6 micron by vacuum evaporating
Au.

(Comparative Example 14)

[0086] A liquid jet recording head was made by the same way as that of Reference Example 29 except that electrode

layers 104 were not formed of an organic resinate but formed by using dispersed Au and glass formed to a thickness of
about 2 microns by a printing method.
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(Evaluation of Durability against Jet Operation)

[0087] A recording signal was imposed on the respective recording heads made by Reference Examples 29 - 30 and
Comparative Examples 13 - 14 under the conditions of driving frequency = 2.0 kHz, rectangular pulse width = 10 micro-
seconds, driving voltage = bubbling voltage x 1.15 and drive segment = 500 bits, and durability against jet operation was
evaluated by the number of broken segments thereof. The result of the evaluation is shown in Table 21.

[0088] As shown in Table 21, the recording heads of Reference Examples 29 - 30 and the recording head of Compar-

30



10

15

20

25

30

35

40

45

50

55

EP 0 576 017 B1

ative Example 13 have no broken segment even at 1 x 10 and thus they have the same durability against jet operation.
More specifically, even if the heat generating resistance layer is formed by coating, the durability thereof is not inferior
to that of a heat generating resistance layer made by a vacuum thin film forming process. Further, it is shown that Com-
parative Example 14 using dispersed Au and glass has inferior durability against jet operation.

Table 21
Number of Broken Segments
Number of Pulses 1x108 | 3x108 | 5x108 | 1x10°
Reference Example 29* 0 0 0 0
Reference Example 30* 0 0 0 0
Comparative Example 13 0 0 0 0
Comparative Example 14 0 0 15 155

*outside the scope of the present invention

(Example 31 - 35)

[0089] A substrate 101 was composed of silicon, and thermally oxidized SiO, was formed on the substrate 101 to a
thickness of 2.0 microns as a heat accumulation layer 102. Then, a heat generating resistance layer 103 was spin
coated on the heat accumulation layer 102 by using the conditions and materials shown in Table 22. Note, metal resin-
ates made by Engelthard Co., Ltd. (trade names are shown in Table 22) were used as an organic resinate for the mate-
rial of the heat generating resistance layer 103. In the spin coating, the organic resinate was diluted with chloromethane
to provide the material with a predetermined viscosity.

[0090] An electrochemically stable organic resinate material for Au, which was obtained by diluting a metal resinate
made by Engelthard Co., Ltd. (trade name: A-1118, composed mainly of carboxylate) with chloromethane to a viscosity
of 15 cp, was spin coated on the heat generating resistance layer 103 under the coating conditions of a first step; 500
rpm x 5 seconds and a second step; 3000 rpm x 30 seconds. The coated film was baked at a room temperature for 10
minutes, at 120°C for 10 minutes and at 850°C for 10 minutes. Then, an Au thin film having a final thickness of 1.0
micron and a sheet resistance of 0.07 ohm/O was formed for electrode layers. Then, the Au thin film was formed to a
circuit pattern shown in Fig. 4 by photolithography to form the electrode layers 104. In addition, with the formation of the
electrode layers 104, a heat generating portion 201 was also formed between electrodes in the size of 30 microns x 150
microns. A heater board was completed by the above process.

[0091] Further, a predetermined nozzle flow path, ink chamber, ink feed port, ink jet port (40 microns x 40 microns)
were formed on the heater board by a usual operation to complete a liquid jet recording head.

(Comparative Example 15)

[0092] A liquid jet recording head was made by the same way as that of Example 31 except that a heat generating
resistance layer 103 and electrode layers 104 were not formed of an organic resinate but the former was formed by
sputtering Al-Ta-Ir to a film thickness of 0.2 micron and the latter was formed by vacuum evaporating Au to a film thick-
ness of 0.5 micron.

(Comparative Example 16)

[0093] A liquid jet recording head was made by the same way as that of Example 31 except that a heat generating
resistance layer 103 and electrode layers 104 were not formed of an organic resinate but the former was formed by
using dispersed iridium oxide, tantalum oxide and glass formed to a thickness of about 2 microns by a printing method
and the latter was formed by using dispersed Au and glass formed to a thickness of about 2 microns by a printing
method.

(Comparative Example 17)
[0094] A liquid jet recording head was made by the same way as that of Example 31 except that a heat generating

resistance layer 103 and electrode layers 104 were not formed of an organic resinate but the former was formed by
sputtering Al-Ta-Ir to a film thickness of 0.2 micron and the latter was formed by using dispersed Au and glass formed
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to a thickness of about 2 microns by a printing method.
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(Evaluation of Bubbling Characteristics )

[0095] Bubbling states of ink in response to a recording signal with a driving frequency of 10 Hz - 50 kHz were visually

observed for evaluation with respect to the respective recording heads made by Examples 31 - 35 and Comparative

Examples 15 - 17. The result of the evaluation is shown in Table 23.

55

As shown in Table 23, the recording head of Comparative Example 16 has an unstable bubbling state at the

driving frequency of 10 kH and a very unstable bubbling state at the driving frequency of 100 Hz or higher. On the other

[0096]

33



10

15

20

25

30

35

40

45

50

55

EP 0 576 017 B1
hand, the recording heads of Examples 31 - 35 have a stable ink bubbling state even at a high driving frequency

because the heat generating resistance layer 103 has a small heat capacity, the second protection layer has a large
heat transfer coefficient and a thin film thickness, and thus the first protection layer 105 may be thin.

Table 23

Driving Frequency

10Hz | 100Hz | 500Hz | 1kHz | 5kHz | 10kHz | 50kHz

Example 31

Example 32

Example 33

Example 34

Example 35

Comparative Example 15

Comparative Example 16

O|=]0|0|0O|0O|0|0O
Ol x|O|0O|0O|0O|0|O
Ol x|O|0|0O|O|0|O
Ol x|O|0|0O|O|0|O
O| x|O|0|0O|O|0|O
O| x|O|0|0O|O|0|O
Ol x|O|0|0O|O|0|O

Comparative Example 17

(O normal bubbling
A unstable bubbling
X very unstable bubbling

(Evaluation of Durability against Jet Operation}

[0097] A recording signal was imposed on the respective recording heads made by Examples 31 - 35 and Compara-
tive Examples 15 - 17 under the conditions of driving frequency = 2.0 kHz, rectangular pulse width = 10 microseconds,
driving voltage = bubbling voltage x 1.15 and drive segment = 500 bits, and durability against jet operation was evalu-
ated by the number of broken segments thereof. The result of the evaluation is shown in Table 24.

[0098] As shown in Table 24, the recording heads of Examples 31 - 35 and the recording head of Comparative Exam-
ple 15 have no broken segment even at 1 x 10° and thus they have the same durability against jet operation. More spe-
cifically, even if the heat generating resistance layer is formed by coating, the durability thereof is not inferior to that of
a heat generating resistance layer made by a vacuum thin film forming process. Further, it is shown that Comparative
Example 16 using dispersed Au and glass has inferior durability against jet operation.

Table 24
Number of Broken Segments
Number of Pulses 1x10% | 3x108 | 5x108 | 1x10°
Example 31 0 0 0 0
Example 32 0 0 0 0
Example 33 0 0 0 0
Example 34 0 0 0 0
Example 35 0 0 0 0
Comparative Example 15 0 0 0 0
Comparative Example 16 0 0 15 155

[0099] The presentinvention achieves an excellent advantage particularly in the ink jet recording type recording head
and recording apparatus which make recording by forming flying droplets by making use of thermal energy among var-
ious ink jet recording systems.

[0100] A typical arrangement and principle of the ink jet recording system are disclosed, for example, in the specifi-
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cations of United States Patents Nos. 4,723,129 and 4,740,796, and the present invention is preferably executed by
using the basic principle of these patents. This recording system is applicable to any of so-called on-demand type and
continuous type recording systems.

[0101] To briefly describe this recording system, thermal energy is generated by imposing at least one drive signal on
an electrothermal converter disposed in correspondence to a sheet or liquid path in which liquid (ink) is held in order to
abruptly increase the temperature of the liquid (ink) so that a film boiling phenomenon exceeding a nuclear boiling phe-
nomenon is arisen in the ink (liquid) in correspondence to recorded data and thus the film boiling is caused on the heat
acting surface of a recording head. Since bubbles can be formed in such a manner that each bubble corresponds to
each drive signal imposed on the electrothermal converter from the liquid (ink) as described above, this recording sys-
tem is particularly effective to an on-demand type recording method. The liquid (ink) is jetted from a jet port by the
growth/contraction of the bubbles to form at least single droplet. When the drive signal is made to a pulse shape, the
growth/ contraction of the bubbles are instantaneously and properly effected, and thus liquid (ink) particularly excellent
in responsiveness can be jetted, which is more preferable. A suitable pulse-shaped driven signal is disclosed in the
specifications of United States Patents Nos. 4,463,395 and 4,345,262. Note, when the conditions described in United
States Patent No. 4,313,124 regarding a temperature rising ratio of the above heat acting surface are employed, more
excellent recording can be performed.

[0102] With respect to an arrangement of the recording head, the present invention also includes the arrangement of
a recording head having a heat acting portion disposed in a bent region as shown in the specifications of United States
Patents Nos. 4,558,333 and 4,459,600, in addition to the arrangement in which an ink jet port, liquid flow path and elec-
trothermal converter are combined (linear or right angle liquid path) as disclosed in the above respective specifications.
[0103] In addition, the present invention is effectively applied to the arrangement disclosed in Japanese Patent Appli-
cation Laid-Open No. 59-123670 in which a common slit is provided as a jet port for a plurality of electrothermal con-
verters and the arrangement disclosed in Japanese Patent Application Laid-Open No. 59-138461 in which an opening
for absorbing the pressure wave of thermal energy is provided in correspondence to a jet port.

[0104] Further, the present invention is effectively applied to a full line type recording head having a length corre-
sponding to the maximum width of a recording medium to which a recording apparatus can make recording. This full
line head may be arranged to a full line by combining a plurality of the recording heads disclosed in the above specifi-
cations or an integrally formed single full line recording head.

[0105] In addition, the present invention is also effectively applied to the cases in which a replaceable tip type record-
ing head is used which, when mounted on the main body of an apparatus, is electrically connected to the main body or
supplied with ink therefrom or in which a cartridge type recording head integrally provided with a recording head itself
is used.

[0106] Further, the recording apparatus of the present invention is preferably added with a recovery means for a
recording head, preliminary auxiliary means and the like to further stabilize the recording apparatus of the present
invention. More specifically, the recording head may be added with a capping means, cleaning means, pressurizing or
sucking means, electrothermal converter, heating element other than the electrothermal converter, preliminary heating
means composed of the combination thereof, and means for effecting a preliminary jetting mode for performing jetting
other than recording in order to stably execute recording.

[0107] Further, the present invention is very effectively applied not only to a recording apparatus having a recording
mode only for a main color such as a black color or full colors composed of mixed colors, although a recording head
may be arranged integrally or by the combination of a plurality of recording heads.

[0108] Although the examples of the present invention described above are mentioned as using liquid ink, the present
invention may use any ink material solidified or softened at a room temperature. Since the aforesaid ink jet apparatus
generally adjusts the temperature of an ink material itself within the range from 30°C to 70°C so that the ink material
has a viscosity within a stable jet range, any ink material may be employed so long as it is in a liquid state when a
recording signal being used is applied.

[0109] In addition, there may be used such an ink material that can positively prevent an excessive temperature rise
of a head and the ink material caused by thermal energy by using the energy to change the state of the ink material
from a solid state to a liquid state or an ink material that solidifies when left unused in order to prevent the evaporation
thereof. In any case, also applied to the present invention is any ink material which has a property to be liquefied first
by the application of thermal energy, such as the one which is liquefied and jetted as liquid ink by the application of ther-
mal energy corresponding to a recording signal or the one which has been started to be solidified when it reaches a
recording medium.

[0110] These ink materials may confront an electrothermal converter in the state that they are held in the recessed
portions or through holes of a porous sheet as a liquid or solid material, as disclosed in Japanese Patent Applications
Laid-Open Nos. 54-56847 and 60-71260.

[0111] In the present invention, the execution of the aforesaid film boiling system is most effective to the aforesaid
respective ink materials.
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[0112] Disclosed is a method of manufacturing a liquid jet recording head by which a thin film composed of an inor-
ganic material can be formed by a conventionally used method such as a printing method and coating method executed
in the atmosphere, the method being able to be relatively easily achieved, a head made by the manufacturing method,
and a liquid jet recording apparatus including the head and a member for mounting the head. According to this inven-
tion, there is provided a liquid jet recording apparatus including a heat acting portion communicating with a liquid jetting
orifice for applying thermal energy to a liquid to form a bubble, an electrothermal converter for generating the thermal
energy, a heat generating resistance layer contained in the electrothermal converter, and electrode layers for imposing
a voltage to the heat generating resistance layer contained in the electrothermal converter and optionally an inorganic
protective layer provided on the electrothermal converter, wherein the heat generating resistance layer or the inorganic
protective layer is composed mainly of an organic resinate.

Claims

1. A method for manufacturing a liquid jet recording apparatus having a discharge port for discharging a liquid, a liquid
path for retaining the liquid and communicated with the discharge port and an electrothermal converting element
provided in the liquid path to apply thermal energy to the liquid, the electrothermal converting element having a
heat generating resistive layer (103) for generating thermal energy upon application of a voltage and an electrode
layer (104) electrically connected to the heat generating resistive layer, the apparatus discharging the liquid by uti-
lizing the thermal energy generated by the electrothermal converting element, said method comprising the steps of:

coating an organic resinate including a component for forming the heat generating resistive layer (103); and
forming the heat generating resistive layer (103) by drying and calcining the organic resinate to remove a resin
component in the organic resinate.

2. A method for manufacturing a liquid jet recording apparatus having a discharge port for discharging a liquid, a liquid
path for retaining the liquid and communicated with the discharge port, and electrothermal converting element pro-
vided in the liquid path to apply thermal energy to the liquid and an inorganic protective layer (105; 106; 107) pro-
vided on the electrothermal converting element to protect the electrothermal converting element from the liquid, the
electrothermal converting element having a heat generating resistive layer (103) for generating thermal energy
upon application of a voltage and an electrode layer (104) electrically connected to the heat generating resistive
layer, the apparatus discharging the liquid by utilizing the thermal energy generated by the electrothermal convert-
ing element, the method comprising the steps of:

coating an organic resinate including a component for forming the inorganic protective layer (105;106;107);
and

forming the inorganic protective layer (105;106;107) by drying and calcining the organic resinate to remove a
resin component in the organic resinate.

3. A method of manufacturing a liquid jet recording apparatus according to claim 2, further comprising a step of form-
ing the heat generating resistive layer (103) and the electrode layer (104) by drying and baking a paste composed
mainly of an organic resinate.

4. A method for manufacturing a liquid jet recording apparatus according to claim 1, further comprising a step of form-
ing the heat generating resistive layer (103) and the electrode layer (104) by drying and baking paste composed
mainly of an organic resinate.

Patentanspriiche

1. Verfahren zur Herstellung einer Flissigkeitsstrahlaufzeichnungsvorrichtung, die eine Abgabe6ffnung zur Abgabe
einer Flussigkeit, eine Flissigkeitsbahn zum Halten der Flissigkeit, die mit der Abgabedffnung in Verbindung steht,
und ein in der FlUssigkeitsbahn vorgesehenes elektrothermisches Wandlerelement, um thermische Energie auf die
Flussigkeit aufzubringen, umfasst, wobei das elektrothermische Wandlerelement eine Warmeerzeugungswider-
standsschicht (103) zur Erzeugung von thermischer Energie beim Anlegen einer Spannung und eine Elektroden-
schicht (104) aufweist, die elektrisch an die Warmeerzeugungswiderstandsschicht angeschlossen ist, und wobei
die Vorrichtung die Flissigkeit unter Ausnutzung der vom elektrothermischen Wandlerelement erzeugten thermi-
schen Energie abgibt, mit den folgenden Schritten:

Aufbringen eines organischen Resinates, das eine Komponente zur Ausbildung der Warmeerzeugungswider-
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standsschicht (103) umfasst; und

Ausbilden der Warmeerzeugungswiderstandsschicht (103) durch Trocknen und Brennen des organischen
Resinates, um eine Harzkomponente im organischen Resinat zu entfernen.

Verfahren zum Herstellen einer Flussigkeitsstrahlaufzeichnungsvorrichtung, die eine Abgabeéffnung zum Abgeben
einer Flussigkeit, eine Flissigkeitsbahn zum Halten der Flissigkeit, die mit der Abgabedffnung in Verbindung steht,
und ein in der Flissigkeitsbahn vorgesehenes elektrothermisches Wandlerelement zur Aufbringung von thermi-
scher Energie auf die Fllssigkeit sowie eine auf dem elektrothermischen Wandlerelement vorgesehene anorgani-
sche Schutzschicht (105; 106; 107) zum Schiitzen des elektrothermischen Wandlerelementes gegeniber der
Flussigkeit umfasst, wobei das elektrothermische Wandlerelement eine Warmeerzeugungswiderstandsschicht
(103) zur Erzeugung von thermischer Energie beim Anlegen einer Spannung und eine Elektrodenschicht (104), die
mit der Warmeerzeugungswiderstandsschicht in elektrischer Verbindung steht, aufweist und wobei die Vorrichtung
die Flissigkeit durch Ausnutzen der vom elektrothermischen Wandlerelement erzeugten thermischen Energie
abgibt, mit den folgenden Schritten:

Aufbringen eines organischen Resinates, das eine Komponente zum Ausbilden der anorganischen Schutz-
schicht (105; 106; 107) enthalt; und

Ausbilden der anorganischen Schutzschicht (105; 106; 107) durch Trocknen und Brennen des organischen
Resinates, um eine Harzkomponente im organischen Resinat zu entfernen.

Verfahren zum Herstellen einer Flissigkeitsstrahlaufzeichnungsvorrichtung nach Anspruch 2, das des weiteren
den Schritt der Ausbildung der Warmeerzeugungswiderstandsschicht (103) und der Elektrodenschicht (104) durch
Trocknen und Brennen einer hauptsachlich aus einem organischen Resinat bestehenden Paste umfasst.

Verfahren zum Herstellen einer Fliissigkeitsstrahlaufzeichnungsvorrichtung nach Anspruch 1, das des weiteren
den Schritt der Ausbildung der Warmeerzeugungswiderstandsschicht (103) und der Elektrodenschicht (104) durch
Trocknen und Brennen einer hauptsachlich aus einem organischen Resinat bestehenden Paste umfasst.

Revendications

Procédé de fabrication d'un appareil d'enregistrement a jet de liquide ayant un orifice de décharge destiné a
décharger un liquide, un canal de liquide destiné a retenir le liquide et communiquant avec l'orifice de décharge et
un élément de conversion électrothermique prévu dans le canal de liquide pour appliquer de I'énergie thermique
au liquide, I'élément de conversion électrothermique ayant une couche résistive (103) de génération de chaleur
destinée a générer de I'énergie thermique lors de I'application d'une tension et une couche (104) d'électrode con-
nectée électriquement a la couche résistive de génération de chaleur, I'appareil déchargeant le liquide en utilisant
I'énergie thermique générée par I'élément de conversion électrothermique, ledit procédé comprenant les étapes
dans lesquelles :

on applique un revétement d'un résinate organique comprenant un constituant pour former la couche résistive
(103) de génération de chaleur ; et

on forme la couche résistive (103) de génération de chaleur en faisant sécher et en calcinant le résinate orga-
nique pour éliminer un constituant formé d'une résine dans le résinate organique.

Procédé de fabrication d'un appareil d'enregistrement a jet de liquide ayant un orifice de décharge destiné a
décharger un liquide, un canal de liquide destiné a retenir le liquide et communiquant avec l'orifice de décharge, et
un élément de conversion électrothermique placé dans le canal de liquide pour appliquer de I'énergie thermique
au liquide et une couche protectrice inorganique (105 ; 106 ; 107) prévue sur I'élément de conversion électrother-
mique pour protéger I'élément de conversion électrothermique contre le liquide, I'élément de conversion électro-
thermique ayant une couche résistive (103) de génération de chaleur destinée a générer de I'énergie thermique
lors de I'application d'une tension et une couche d'électrode (104) connectée électriquement a la couche résistive
de génération de chaleur, I'appareil déchargeant le liquide en utilisant I'énergie thermique générée par I'élément de
conversion électrothermique, le procédé comprenant les étapes dans lesquelles :

on applique un revétement d'un résinate organique comprenant un constituant destiné a former la couche pro-
tectrice inorganique (105 ; 106 ; 107) ; et

on forme la couche protectrice inorganique (105 ; 106 ; 107) en faisant sécher et en calcinant le résinate orga-
nique pour enlever un constituant formé de résine dans le résinate organique.
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Procédé de fabrication d'un appareil d'enregistrement a jet de liquide selon la revendication 2, comprenant en outre
une étape de formation de la couche résistive (103) de génération de chaleur et de la couche d'électrode (104) par
séchage et cuisson d'une pate composée principalement d'un résinate organique.

Procédé de fabrication d'un appareil d'enregistrement a jet de liquide selon la revendication 1, comprenant en outre
une étape de formation de la couche résistive (103) de génération de chaleur et de la couche d'électrode (104) par
séchage et cuisson d'une pate composée principalement d'un résinate organique.
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