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DESCRIPTION 

METHOD OF MANUFACTURING INK-JET PRINTER HEAD 

Technical Field 

The present invention relates to a method of simultaneously and 

5 quickly forming (boring) orifices as ejection nozzles (hereinafter called 

"orifices") with the accurate shape in the orifice plate of an ink-jet printer head. 

Background Art 

Recently, ink-jet printers are widely used. The ink-jet printers include 

a thermal jet type which ejects ink droplets under the pressure of bubbles that 

10 are generated by heating the ink by means_ of a heat-generating resistor 

element and a piezoelectric type which ejects ink droplets by pressure that is _ 

applied to the Ink by the deformation of a piezoelectric resistor element" 

(piezoelectric element). 

Because those types of printers do not require a developing step and 

15 transfer step and directly eject ink droplets on a recording medium to record 

information, they are advantageous over an electrophotographic type which 

uses powder-like toners in easy miniaturization and lower printing energy. The 

ink-jet printers are therefore popular particularly as personal printers. 

The thennal jet type printer heads are classified into two structures 

20 ·depending on the ejection direction of ink droplets. The first type is a side­

shooter type thennal ink-jet printer head which ejects ink droplets in a direction 

parallel to the heat generating surface of the heat-generating resistor element. 

The second one Is a roof-shooter type or top-shooter type thennal ink-jet printer 

head which ejects ink droplets in a direction perpendicular to the heat 

25 generating surface of the heat-generating resistor element. The roof-shooter 

type thennal ink-jet printer head, in particular, is known for its very low power 

consumption. 

FIG. 1A is a perspective view showing the structure of a printer 

equipped with such a roof-shooter type thermal· ink-jet printer head, FIG. 1 B is a 
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plan view showing the ink ejecting side of the ink-jet printer head, FIG. 1 C is a 

cross-sectional view from the direction of C-C' in FIG; 1 B and FIG.·· 1 D is a plan 

view exemplarily illustrating a silicon wafer from which thi~ ink-jet printer head is 

manufactured. 
. . . ~ 

5 A printer 1 shown '.in FIG. 1A is a compact print~ff()r home and 
. . .· t 

personal usage, and has a ·carriage 2 to whicl'l an ink-je~ pri.nter head 3 that 
. . ;, .:·;:. 

prints and an ink cartridge 4 that retains ink are attached. The carriage 2 is 

supported slidable by a guide rail 5 and is also secured t() ~ serrated drive belt 6. 

With this structure, the ink-jet printer head 3 and the ink ·~artfidge 4 are 

10 reciprocaliy moved in the main print scanning direction in~icated by a double­

headed arrow B in the diagram. This ink-jet printer head:3 is connected to an 
'· :.. 

unillustrated control unit in the main body ofthe printer 1 by a flexible 
··:.: 

communication cable 7. The control unit sends print data and control signals 
:'. . 

to the ink-jet printer head 3 via the flexible communication cable 7. 

15 Located at the lower end portion of a frame 8 is'a'platen 9 whi~h faces 

the ink:..jet printer head 3 and extends in the main scannin9 direction of this 

head 3. Paper 10 is intennittently fed, in contact With.the·platen 9, in a printing 

sub-scanning direction indicated by an arr:ow C. in the di~gram by paper feed 

rollers 11 and paper discharge rollers 12. ·During the 'stationary period in the 

20 intennittent feeding of the paper 10, the ink-jet J>'rinter head 3 ejects ink droplets 
: ·:i 

on the paper 10 in close proximity and prints on the paper:10 while being driven 

by a motor 13 via the serrated drive belt 6 and the carriage 2. Printing on the 

paper 10 is accomplished by repeating the intennlttent feeding of the paper 10 
.. •. 

and the ink ejection during the reciprocal movement of th~ ink-jet printer head 

25 3. 

While, as such a printer, monochromatic printer$' were the main stream 

in the past, full-color printers have recently become rather popular. The ink-jet 

printer head 3 for use in a full-color printer has four parallel orifice columns 16 

for ejecting four respective color inks fanned_ on an orifici!' plate 15 which is 

30 laminated on a chip substrate 14 with a size of, for example, 10 mm x 15 mm, 
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as shown in FIG. 18. f,:a~~h orifice column 16 has 12S'i:>Hfices 17 formed in a 

line for a resolution of 360 dpi. for example, or has 256 orifices 17 for a 

resolution of 720 dpi. 

One way of manufacturing such an ink-j(:!t printer head is to 

5 simultaneously forf!l multiple orifices, a plurality of heat generating elements. 

and drivers which respectively.drive those elements In a monolithic form by 

utilizing silicon LSI technology and thin film technology. According to this 

method, heat generating elements 18 and drivers 19 respectively associated 

with the 128 or 256 orifices 17 are formed on the same chip substrate 14. 

10 Multiple ink-jet printer heads 3 are simultaneously formed on a silicon 

wafer 21 as shown in FIG. 1 D. Formed on each of a predetermined number of 

chip substrates 14 are individual wiring electrodes 22 for driving the respective·· 

heat generating elements 18 and a common electrode 23, wiring leads 24 and 

power supply leads 25 connected to those electrodes, a partition 27 for forming. 

15 ink flow passages 26, an ink feed hole 28 for receiving ink to be supplied from 

the external ink cartridge 4 to the ink flow passages 26 and a common ink feed · 

groove 29 in addition to the orifices 17, the heat generating elements 18 and 

the drivers 19. 

The ink-jet printer heads 3 whose individual components are formed in 

20 this manner on the silicon wafer 21 are finally cut out into individual units along 

scribe lines using a dicing saw or the like. Each separated unit is die-spotted 

to a mount substrate with its leads connected to those of the substrate, thereby 

completing the ink-jet printer head 3. 

At the time of printing, the heat generating elements 18 in the ink-jet 

25 printer head 3 are selectively energized or activated in accordance with print 

information, spontaneously generating heat to cause a film boiling phenomenon 

on the inks. As a result, ink droplets are ejected from the orifices 17 

corresponding to the heat generating elements 18 that have generated heat. 

According to this ink-jet printer head 3, the ink droplets are ejected in an 

30 approximately spherical shape corresponding in size to the diameter of the 
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orifices 17 and are printed in about double the size on paper. 

Conventionally, the orifices 17 are bored in the orifice plate· 15 on each 

chip substrate 14 by using an excimer laser technique or wet or dry etching. 

According to the dry etching scheme, after a metal film of Al, Ni or Cu Is 

5 laminated on the orifice plate 15, it is patterned and the orifice plate 15 is 

selectively etched by an ordinary dry etching system With the pattemed metal · 

film used as a mask. 

In the step of boring the orifices, it is demanded to accurately form, for 

example, 128 orifices 17 of a predetermined size and shape·at predetermined 

10 locations. The conventional method however has a difficulty in simultaneously 

and accurately forming the multiple orifices 17 of a predetermined size and 

shape in the thick orifice plate 15 at predetermined locations. Conventionally, . 

therefore, orifices are formed an adequate quantity at a time, in the orifice plate, 

so that boring the whole orifices takes time. 

15 Disclosure of Invention 

Accordingly, it is an object of the present invention to provide a method 
. . . . : 

of manufacturing an ink-jet printer head, which can simultaneously and 

accurately form multiple orifices as ejection nozzles at predetermined locations 

and in a predetermined size and shape in a short period of time. 

20 To achieve this object, according to one aspect ~fthis invention, there 

is provided a method of manufacturing an Ink-jet printer h~ad having a 

substrate p~vided with a plurality of energy generating elements for generating 

pressure energy for ejecting inks and an orifice plate located on the substrate 

and having a plurality of ejection nozzles formed therein for ejecting inks in a 

25 predetermined direction by pre~sure generated by the energy generating 

elements, the method comprising the steps of forming an etching mask film 

having a pattern corresponding to the ejection nozzles in the orifice plate before 
' . : . 

forming.the ejection nozzles; and forming the plurality of ejection nozzles in.the 

orifice plate by dry etching with helicon wave plasma source (hereinafter 

30 referred to as Rhelicon-wave dry etching; while cooling a printer head substrate 

.. 
·.•.:., 



WO 00/46031 PCT/JP00/00501 

5 

having the orifice plate with the mask film placed on the substrate. 

According to this method, as ejection. nozzles are bored while cooling 

the printer head substrate which is to be etched. using. helicon-wave dry etching 

that can ensure fast etching with a large ion current, it is possible to reliably 

5 prevent the temperature of the printer head substrate undergoing a treatment 

from excessively rising which would otherwise adversely affect the shape of the 

ejection nozzles to be bored. This can permit multiple ejection nozzles of the 

desired and adequate size and shape to be simultaneously and quickly bored. 

It is preferable that in this method, the orifice plate is a multilayer sheet 

10 having a thermoplastic adhesive layer having a glass transition point higher 

than 200°C deposited on each side of a polyimide sheet. In this case, the 

printer head ~ubstrate may be cooled to 200°C or lower. This overcomes the 

conventional problem that the thermoplastic adhesive layers are thermally 

over-expanded to thereby adversely affect the forming of the ejection nozzles. 

15 In the above method, it is preferable that the printer head substrate is 

cooled by cooling a bottom of the substrate with a coolant gas. In this case, 

when the ejection nozzles are bored through, the coolant gas is blown out of the 

ejection nozzles. The first adequate scheme of preventing .this shortcoming is 

such that after an ink feed passage penetr~ting from the bottom of the substrate 

20 to a top surface thereof is formed, the ink feed passage Is blocked before 

supply of the coolant gas starts, and· after forming of the ejection nozzles is 

completed and supply of the coolant gas is stopped, blocking of the ink feed 

passage is released. In this case, the ink feed passage has only to be blocked 

by adhering a block sheet on the bottom of the substrate, and the blocking of 

25 the ink feed passage has only to be released by removing the block sheet. 

The second adequa~ scheme of preventing the above shortcoming is 

such that before supply of the coolant gas starts, a plurality of ink leading 

passages extending from an ink feed passage penetrating from the bottom of 

the substrate to a top surface thereof to the energy generating elements 

30 provided on the top surface of ~he substrate are blocked, and after forming of 
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the ejection nozzles is eompleted and supply of the coolant gas is stopped, 

blocking ·of the ink leading passages is released. In this case, the Ink leading 

passages has only to be blocked by filling· a dlssolvable resin easily dlssolvable 

by a solvent and the blocking of the Ink leading passages has only to be 

5 released by dissolving the dissolVable resin. 

ltis preferable that the dissolvable resin "is filled in such a way as to 

cover the energy generating elements. This prevents the energy generating 

elements from being damaged by over-etching. 

The third· adequate scheme of preventing.the above shortcoming is 

1 o such that the ejection nozzles are bored before an ink feed passage penetrating 

from the bottom of the substrate to a top surface thereof is opened. ln"this 

case, the ink feed passag~ has only to be formed by eonriecting an ink feed 

groove on a top surface side Of the substrate to an ink feed hole on a bottom 

side of the substrate and oneofthe ink feed groove and the ink feed hole needs 

15 only to be formed to open' the ink feed passage afutr forming of the ejection 

nozzles. It is more preferable that the ink feed hole Is formed to open the ink 

feed passage after forming of the ejection noz2:1es. 

The fourth adequate scheme· of preventing the above ·shortcoming is 

such that after supply of the coolant gas to" the bottom of the subStrate of the 

20 printer head substrate startS, the· heiicon-W&ve dry etching is initiated and the 

supply of the coolant gas is stopped immediately after subStantially all of the 

ejection noziles are bored through. .. In this ease, It is preferable that the timing 

at which substantially all of the ejeCtion nozzles are bored through. is detected 

from a change in a flow rate of the coolantgas. 

25 To achieve the above object, according to another aspe~ of this 

·invention, there is provided a method of manufacturing an ink-jet· printer head 

for performing recording by applying pressure ene~y to ink and ejecting the ink 

onto a recording medium from a plurality of ejection.nozzles, _comprising the · 

steps of arranging a plurality of energy generating elements ror generating the 

30 pressure energy on a substrate; placing, as an orifice plate, a thif'.1 film sheet 
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having adhesive layers adhered to both of top and bottom sides thereof on the 

substrate with the energy generating elements arranged thereon; and 

simultaneously boring a plurality of ejection nozzles in the orifice plate in 

association with the energy generating elements by dry etching while cooling a 

5 printer head substrate having the orifice plate placed on the substrate with a ·.· 

coolant gas applied to a back side of the substrate. 

According to this method, even if a thin film sheet having thermoplastic 

adhesive layers adhered .to both sides thereof, which is excellent in working 

efficiency, is used as an orifice plate, a rise in the overall temperature of the 

10 printer head substrate during dry etching is suppressed. This can prevent the 

thermoplastic adhesive layers from being thermally over-expanded, which 

would otherwise adversely affect the forming of the ejection nozzles and can 

permit multiple ejection nozzles of the desired and adequate size and shape to 

be simultaneously and quickly bored. It is therefore possible to provide a 

15 method of manufacturing an ink-jet printer head equipped with ejection nozzles 

of the desired and adequate size and shape at a high working efficiency. 

According to the second method, if helicon-wave dry etching is.used as 

dry etching, multiple ejection nozzles of the adequate shape can be bored 

faster. This further improves the throughput of the manufacture of ink-jet 

20 printer heads. 

Brief Description of Drawings 

These objects and other objects and advantages of the present 

invention will become more apparent upon reading of the following detailed 

description and the accompanying drawings in which: 

25 FIG. 1A is a general perspective view ofa conventional thermal ink-jet 

printer head; 

FIG. 1 B is a· plan view showing the printer head of the ink-jet printer 

head in FIG. 1A as seen from the ink ejecting side; 

FIG. 1 C is a cross-sectional view as seen from the direction of C-C' in 

30 FIG. 18; 
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FIG. 1 D is a plan view depicting a silicon water from which the printer 

head in FIG. 18 is manufactured; 

FIG. 2A is a plan view exemplarily illustrating the state after forming of 

heat generating elements is completed in the fabrication of an ink-jet printer 

5 head according to a first embodiment of this Invention; 

FIG. 28 is a cross-sectional view of this state; 

FIG. 3A Is a plan view exemplarily showing the state after forming of a 

partition· is completed in the fabrication of the ink-jef printer head according to 

the first embodimentof this invention; 

.1 O FIG~ 3B is a cross-seetional view of this state; 

FIG. 4A is a plan view exemplarily showing the state after forming of 

orifices·ls finished in the fabncation of the ink-jet printer head according to the 

first embodiment of this· invention; 

·FIG. 48 is a cross-sectional View of this state;· 

15. FIG. 5A is a plan view exemplarily showing a part f the structure in FIG .. 

2A in enlargement; 

FIG. 5B is a cro8s-sectional view as seen from" the direction of 8-B' in 

FIG. 5A; 

FfG. 5C is a cross-sectional view as seen from the direction of C-C' in 

20 FIG. SA; 

FIG. 6A Is a plan viewexemplarilyshowing a part f the structure in FIG. 

3A in enlargement; 

FIG. 68 is a cross-sectional view as seen from the direction of 8-8' in 

FIG.BA; 

25 FIG. 6C is a cross-sectional view as seen from the direction of C-C' in 

FIG.SA; 

FIG. 7 A is a plan view exemplarily depicting a part f the structure in FIG. 

4A in enlargement; 

FIG. 78 is a cross-sectional view as seen from the direction of B-B' In 

30 FIG. 7A; 

.-... 
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FIG. 7C is a cross-sectional view as seen from the direction of C-C' in 

FIG. 7A; 

FIG. SA is a plan view showing a full-color ink-jet printer head 

according to the first embodiment of this invention as seen from the. ink ejecting 

5 side; 

FIG. 88 is a plan view depicting a silicon wafer for producing the head 

in FIG. SA; 

FIG. 9A is a cross-sectional view exemplarily showing the state in the 

vicinity of the heat generating sections before forming of the orifices has 

10 started; 

FIG. 98 is a cross-sectional view exemplarily showing the state In the 

vicinity of the heat generating sections after forming of the orifices has started; 

FIG. 10 is a cross-sectional view exemplarily showing a problem which 

arises when the orifices are bored by helicon-wave dry etching; 

15 FIG. 11A is an exemplary explanf,Jtory diagram illustrating the 

schematic structure of a helicon ... wave dry etching system; 

FIG. 118 is a plan view showing a wafer chuck stage. in the .helicon­

wave dry etching system in FIG. 11A; 

FIG. 11 C is a cross-sectional view exemplarily illustrating a printer 

20 head substrate which is being processed by the helicon-wave dry etching 

system in FIG. 11A; 

FIG. 12 Is an exemplary cross-sectional view of the state where a 

coolant gas Is blown out of the bored orifices; 

FIG. 13A is an exemplary cross-sectional view showing an ink feed 

25 hole being blocked in a manufacturing method according to the first 

embodiment of this invention; 

FIG. 138 is an exemplary cross-sectional view showing the ink-jet 

printer head acquired according to the first embodiment of this invention; 

FIG. 14 is a table showing a list of various characteristics of various 

30 kinds of thermal separation sheets adaptable to the manufacturing method of 
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the first embodiment Of this Invention; 

FIG. 15 ls a cross-sectional view exemplarily showing a modification of 

the first embodiment of this invention; 

·FIGS. 16A through 16F are exemplary cross-seCtional views showing a · 

5 method of manufacb.Jring an ink-jet printer head according to a second 

embodiment of this invention step by step for each of the e5sential.stages; 

FIGS. 17A through 17E are exemplary cross-sectional views showing a 

method of manufacturing an ink~jet printer head according to a third . 

embodiment of this invention step by step for each of the essential stages; 

10 FIG. 18A is an exemplary cross-sectional view showing the state 

before orifices are bored through in a method of manufacturing an Ink-jet printer · 

head·according to a fourth embodiment of this invention; 

FIG. 188 is an exemplary cross-Sectional view showing the state after 

orifices are bored through in a method of manufacturing ail ink-jet printer head 

15 according to the fourth embodiment Of this invention; and .· 

FIG. 19 is a flowchart illustrating.the method·ot manufacturing an ink-jet 

printer head acct>rding to the fourth embodiment of thiS invention. 

Best Mode for Carrying Out the Invention 
: .. . . : . 

Preferred embodiments of the present invention will now be described 

20 with reference to the accompanying drawings. 

FIGS. 2A and 28, FIGS. 3A and 38 and FIGS. 4A and 48 are 

schematic plan views and cross-sectional views illustrating the fabrication 

states at three phases, step by step, in a method of manufacturing a monolithic 

type ink-jet printer head according to a first embodiment of this invention. 

25 Although each of those diagrams shows only one printing head (having the 

same structure as a monochromatic ink-jet printer _head) In a full-color ink-jet 

printer head for the sake of explanatory convenience, actually, a plurality of 

(normally four) printing heads of a similar type are formed, side by side, on a 

single chip substrate as will be discussed later. Although FIG. 4A exemplifies 

30 36 orifices 44, multiple orifices, such as 64, 128 or 256 orifices, are actually 

:·~.--~· 

,.;.!.;;. . 

.. : . -~=--
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formed according to the design rule. 

FIGS. 5A, 6A and 7A are plan views .exemplarily showing the essential 

portions, in partial enlargement, in the plan views of FIGS. 2A, 3A, 4A. FIGS. 

58, 68 and 78 are cross-sectional views as seen from the direction of8-81 in 

5 the first three diagrams, and FIGS. 5C, 6C and 7C are cross-sectional views as 

likewise seen from the direction of c-c• in the first three diagrams. FIGS .. 5A-

7C show five heat generating sections 33, five orifices 44 and the like as a 

representative of 64, 128 or 256 heat generating sections, orifices and the like 

for the sake of illustrative convenience. 

10 The basic manufacturing method will be discussed below. First, as 

step 1, drivers and their leads are formed on a silicon substrate of 4 inches or 

larger by LSI technology and an oxide film (Si02) having a thickness of 1 to 2 

µ m is formed thereon. As the next step 2, a ·film of a heat-generating resistor 

of tan~lum (Ta)-silicon (Si)-oxygen (0) is formed by using thin film deposition 

·· 15 technology, and an electrode film of Au or the like is sequentially deposited on 

this heat-generating resistor element film with a close barrier layer of n .. w or 

the like intervened. ·Then, the electrode film and the heat-generating; resistor. 

element film. are patterned. by photolithography technology. Then heat.· 

generating sections are acquired by exposing the heat-generating resistor 

20 element and wiring electrodes are laminated on both side of the heat 

generating section, thereby obtaining, for exanple, 128 heat generating element 

of a stripe shape. In this step, the positions of the heat generating sections 

are aligned. 

FIGS. 2A, 28 and 5A-5C show the state immediately after the steps 1 

25 and 2 have been completed. On a chip substrate 30, drivers 31 and driver 

leads 32 (see FIG. 2A) are formed under an insulating layer which is formed by 

an oxide film. On the insulating layer, the heat-generating r:esistorelementfilm 

is patterned into a plurality of columns of heat generating sections 33 with a 

common electrode 34 and an individual wiring electrode 36 formed on the 

30 respective sides of each heat generating section 33. That is, plural columns of 
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heat generating elements each comprised of the common electrode 34, the 

heat generating section 33 and the individuafwiring electrode 36 are formed in 

parallel at predetermined intervals, thereby yielding heat generating seCtion 

columns 33' and Individual wiring electrode columns 36'. Common-electrode 

5 power-supply leads 35 are formed together With the common electrode ·34 (see 

FIG. 2A). 

As the next step 3, a partition member of an organic material such as 

photosensitiVe polyimide is. formed to the thickness 6f about 20 µ m by coating 

in order to form ink flow passages correspo.nding to the individual heat · 

1 O generating sections 33 and ink flow passages which are respectively eonnected 

to thase ink flow passages. . After patterning this partition member by · . 

photOlithography, curing {annealing) is performed to apply heat of soot t<> 

400'C to the chip subStrate 30 for 30 to 60 minutes, thereby fixing the partition 

of photosensitive polyimide having a height of about 1 O µ m ·on the chip 

15 substrate 30. As the subsequent step 4, a common Ink feed groove Is formed 

in the surface of the chip substrate 30 where the partition is provided, by wet 

etching, sand blasting or the like, followed by the ·forming of an Ink.feed hole 

which communicates with ·this ink feed groove and is open to the bottom of the 

chip substrate 30. 

20 FIGS. 3A, 38 and 6A-6C show the state Immediately after the steps ·3 

and 4 have been completed. A common ink feed groove 37 and ink feed hole 

38 are formed In such a way as to be surrounded by the eommon electrode 34. 

An ink seal partition 39-1 is formed on that port of the common electrode 34 

which lies on the left-hand side of the common ink feed groove 37, and an ink 

25 .seal partition 39-2 is formed on that port ofthe common electrode 34 which lies 

on the right-hand side where the individual wiring electrode 36 is laid. A 

segmenting partition 39-3 extends from this Ink seal partition 39-2 to between 

the Individual heat generating sections 33. 

Considering the ink seal partition 39-2 on the individual wiring 

30 electrodes 36 as the spine of a comb. the segmenting partition 39-3 that 
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extends to between the individual heat generating sections 34 has a shape 

. equivalent to the teeth of the comb. With the teeth-like segmenting partition 

39-3 serving as partition walls, ultra fine ink flow passages 41 formed with the 

heat generating sections 33 located at the bases between the teeth are equal in 

5 number to the heat generating sections 33. 

Next, as step 5, an orifice plate which has a shape of a thin film sheet 

of polyimide with a thickness of 1 O to 30 µ mis adhered on the topmost layer of 

the lamination structure or the partition 39 (39-1, 39-2, 39-3) via, for example, a 

thermoplastic adhesive, and pressure is then applied to the resultant structure 

10··while heating it at 290 to 300CC, thereby fixing the orifice plate. Subsequently, 

a. metal film of Ni, Cu, Al or the like having a thickness of 0.6 to 1 µ m is 

deposited on the surface of the orifice plate which is opposite to the side where 

the partition is secured (the side where the. metal film is deposited will 

hereinafter be called the opposite-to-partition side). This metal film serves as 

15 a mask at the time the orifices to be discussed later are bored through by dry 

etching. 

Then, as $lep 6, the metal film on the orifice plate is patterned to form a 

mask for selective dry. etching of the orifice plate, followed by dry etching of the · 

orifice plate according to the metal mask using the helicon-wave dry etching 

20 system to be specifically discussed later, thereby ensuring simultaneous. 

forming of multiple orifices.of 31 µ mq,. to 15 µ m q, .. 

FIGS. 4A, 48 and 7A-7C she>w the state immediately after the steps 5 

and 6 have been completed. The orifice plate 42 covers the entire area 

excluding the common-electrode power-supply leads 35 and the driver leads 32, 

25 and the individual ink flow passages 41 having a height of 1 O µ m formed by· 

the segmenting partition 39-3 have their openings facing toward the common 

ink feed groo~e 37. A common ink flow passage 43 having a height of 10 µ m 

is formed to connect the openings of those ink flow passages 41 to the common 

ink feed groove 37. 

30 The orifices 44 are formed in the orifice plate 42 at portions facing the 
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heat generating sections 33. This completes a mono-color ink-jet printer head 

45 that has a ·column of 64, 128 or 256 orifices 44. 

As described above, the mono-color ink-jet printer head 45 equipped 

with a single column of orifices ·44 takes the structure of a monochromatic lnk-

5 jet printer head, and needs a total of four color inks, namely a black.(Bk) 

exclusively used for black: portions Or characters or images in addition to the 

subtractive primaries of yellow (Y), magenta (M) and cyan··cc) in normal full­

color printing. Therefore, a minimum of four Columns of ·orifices are required. 

FIG. BA is a diagram showing a full-color ink-jetprinter head 

1 O constructed by arranging four mono:..cofor ink-jet printer heads 45 of the above 

type side by side, and FIG. BB is a view depicting multiple full-color ink-jet 

printer heads 45 on a silicon wafer, ·The above:..described method can 

manufacture a full-color ink:..jef printer head 48 as shown In FIG. BA by fanning 

multiple chip substrates 46 each shown in FIG. 8A on a silicon wafer 47 as 

15· shown in FIG;· 88, and constructing the mono-color ink-jet printer heads 45 

. shown in FIGS. 4A and 48 on each chip substrate 46 in four columns in a 

monolithic form. The individual orifice columns 49 can be arranged accurately 

at the specific relation by the state-of-the-art semiconductor technology. 

After the ink~jet printer heads are processed on the silicon wafer 47 in 

20 the above-described manufacturing steps, the silicon wafer 47 is finally diced . 

along the scribe lines using a dicing saw or the· nke, separating the individual 

chip substrate& 46 from one another, thus yielding the full-coior ink-jet printer 

head 48 as shown in FIG. BA. The acquired full-color ink-jet printer head 48 Is 

then die-spotted to a mount substrate with its leads connected to those of the 

25 substrate, so that it becomes a practical unit of full-color ink~jet printet head. 

The following will more specifically described how to bore the orifice$ 

using the helicon-wave dry etching system which has already been explained 

schematically in the section of the step 6 ofthe method of rnanufacturing the .· 

ink-jet printer head. The helicon-wave dry etching system Is used in this 

30 embodiment because this etching system can conduct fast dry etching using a 

,., .. : 
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high-energy plasma current, which improves the working efficient. The helicon 

wave, which is one type of electromagnetic waves that propagate in plasma, is 

called a whistler wave and generates high-density plasma. 

FIG. 9A is a cross-sectional view exemplarily showing, in enlargement, 

5 the heat generating section 33 or the essential portion of the ink-jet printer head 

48 under fabrication after a step. before the above-described dry etching step, 

and a portion in the vicinity of ~hat section 33. FIG. 98 is a cross-sectional 

view showing the state in which the ink-jet printer head 48 is subjected to dry 

etching by the helicon-wave dry etching system. 

10 As shown in FIG. 9A, the orifice plate 42 comprises three layers: an 

adhesive layer 51a, a polyimide film 52 and an adhesive layer 51b. The 

. adhesive layers 51 a and 51 bare formed of, for example, thermoplastic 

polyimide or epoxy-based adhesives and are coated on the top. and bottom. 

surfaces of the polyimide film 52 having a thickness of about 30 µ m to the 

15 thickness of about 2 to 5 µ m. When the temperature rises above the glass 

transition point, the elastic modulus of a thermoplastic resin material, such as 

the adhesive layer 51 a or 51 b, drops sharply, thus increasing the stickiness so 

that this material demonstrates the adhesive .effect. 

However, this property is required on the back side of the orifice plate 

20 42 that is to be adhered to the partition 39 (39-1, 39-2, 39-3), not on the top side 

or the ejection side of the orifice plate 42. The adhesive layer 51 a is provided . 

on the top surface in addition to the adhesive layer 51 b on the back side of the 

orifice plate. Because the orifice plate with the adhesive layer 51 b on the back 

side alone would cause warp or curl of the orifice plate member during the 

25 fabrication process and it makes the work difficult. In other words, providing 

both the top and back sides of the orifice plate 42 with the same thermal 

expansion characteristic by the adhesive layers 51a and (;1b prevents the 

polyimide film 52 from being rolled up during the fabrication process. 

This orifice plate 42 is placed on the partition 39 with that side of the 

30 adhesive layer 51 b facing the chip substrate 46, thereby forming a cover to the 
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individual· ink flow passages 41 ·and common ink flow passage 43. As the 

orifice plate 42 is heated to 200 to 250°C and applied with pressure of several 

Kg/cm2 for several tens of minutes; It is uniformly and securely adhered to the 

partition 39. 

5 Subsequently, a metal film 53 ofNi, Cu, Al, 1i or the like is forrn~d to 

. the thickness of about 0.5 to 1 µ m as a mask material for dry etching to be 
, . . . . 

discussed later, and· a pattern 54 corresponding tO the orifices 44 shown in, for 

example, FIG. 4A is formed on that film, thereby forining a mask for selective 

etching of the orifice plate 42. In a case where the h•lieon-wave dry etching 

10 system is used to bore the orifices 44 ·in the orifice plate 42 as in this example, 

· the use Of the metal film 53 of Ni,· cu, Al, 1i or the like provides the etching rate 

ratio of approximately 1 : 50 to 100for thff polyimide film 52 to the metal film 53. 

To etch the polylmide film 52 of approximately 30 p. m, therefore, the metal film 

53 of less than ·1 µ m suffices .. 

· 15 · After the fanning of the metal film 53, the chip substrate 46 or the· 

silicon wafer 47 shown in FIG. BB is placed in the helicon-Wave dry etching 

system and the orifices 44 are bored ·by dry etching as"silown in FIG. 98. 

Oxygen is used as the process gas for dry etching in the helicon-wave dry 

etching system.. In the helieon-wave dry etching system, the process oxygen 

20 0 2 becomes oxygen plasma 55 consisting of OXygen ions 56 and oxygen 

radtcalatoms 57, which is sprayed onto the metal mask surface, thereby bOring 

the orifices 44 according to the pattern 54, as shown in FIG. 98. 

The.adhesive layer 51a on the top of the orifice plate 42 does not raise 

a big problem in the forming of holes by an ordinary dry etching system or the 

25 forming Of holes by excimer laser or the like. When a helicon-wave dry etching 

system Is used to form holes faster as in this invention, however, the helicon­

wave dry etching uses the high-energy ion current and thus significantly raises 

the temperature of the target work piece than other etching schemes. This 

brings about the following problem. 

30 FIG. 1 O is a cross-sectional view exemplarily showing the problem 

::=· 

:·· ... ~:.:· 
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which arises when the orifices are bored by a helicon-wave dry etching system. 

When the orifices are bored in the normal manner using the helicon-wave dry 

etching system, as shown In FIG. 10, th.e entire target work piece or the entire 

printer head substrate that Is the chip substrate 46 on which the heat 

5 generating sections 33, the partition 39 and the orifice plate 42 are provided is 

heated to a high.temperature. The thermoplastic adhesive layer 51a on the 

surface of the orifice plate 42 which is influenced most by the oxygen plasma is 

thermally expanded most, generating wrinkles 58 on the thermoplastic 

adhesive layer 51a. As a result, the greatly expanded adhesive layer 51a may 

10 remain as an etching residual in the orifices 44 or the shape of ejection ports 44'. 

·may be finished deformed. This undesirably causes the ink to be ejected in a 

direction not originally intended, i.e., in a direction different from the 

perpendicular direction to the surface of the orifice plate or causes very small 

undesirable dots called satellites to be hit around the struck dots. 

15 To prevent the production of the wrinkles 58, an orifice plate having no 

adhesive layer 51a on the top side may be used, but this scheme is not 

recommendable because as mentioned earlier the adhesive layer 51a on the 

top side serves to prevent curling of the orifice plate 42 during the fabrication. 

process. 

20 In this embodiment, therefore, attention is paid to the fact that the glass · . . 
transition point Tg of thermoplastic polyimide which is used as the adhesive . 

layer 51a is greater than 200°C, etching is performed while cooling the silicon 

wafer 47 to or lower than 200°C in the forming of the orifices 44 in the orifice 

plate 42 by a helicon-wave dry etching system. 

25 FIG. 11A is an exemplary explanatory diagram illustrating a hellcon-

wave dry etching system, FIG. 11 B is a plan view of its wafer chuck stage, and 

FIG. 11C is a partially enlarged view of FIG. 11A. As shown in FIG. 11A, 

helicon-wave dry etching system has a process chamber 61 at the center and a 

wafer chuck stage 62 provided in this process chamber 61. The silicon wafer 

30 47 shown in FIG. 88 is loaded into the system from the left to the system as 
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indicated by an arrow G in FIG. 11A and placed on the wafer chuck stage 62. 

The siliconwafer47 is secured on the.wafer chuck stage 62 by 

mechanical chucking (which mechanical hoids the target), electrostatic 

chucking (which electrostatically holds the target) or the like. · The wafer chuck 

5 stage 62 is formed integrally on a support 63 via which an RF (Radio­

Frequency) bias of; for example, 13~56 MHz is applied to the stage 62 from a 

ground-side AC power supply 64. 

An antifreezing liquid from a low-temperature circulator 65 circulates to 

the wafer chuck stage 62 via the support 63.. ·A c~olant·gas 66 such as' He gas 

10 forprogressing thermal conduction and enhancfng the· cooling effect is fed into· 

coolant ejection ports 69 open to the wafer $lipport surface of the wafer chuck 

stage 62 from a eoolantfeeding pump 67 via a coolant feeding passage 68 

provided in the support 63 arid the wafer chuck stage'62, entering into a·small 

clearance h between the wafer chuck stage 62 and the silicon wafer 47. This 

15 progresses the cooling of the silicon wafer 47· by the to\¥.temperature circulator 

65. 

· Specifically, the wafer chuck stage 62 of the helicon-wave dry etching 

system Is cooleddown.to·-10°C or lower with the.circulating antifreezing and 

the coolant gas 66 intervenes between the wafer chuck stage 62 and the silicon 

20 wafer 47, thereby effectively suppressing a rise in the .temperature of the entire 

printer head substrate at the time of helicon~Yiave .dry etching. 

Arranged around the process chamber 61 is a magnet 71 for trapping 

the oxygen (02) plasma 55 in the chamber 61 and a source chamber 72 is 

located in the upper center of the chamber 61. An antenna 73 is provided in 

25 two (upper and lower) stages around the source chamber 72 and. an inner coil 

74 and outer coil 75 are disposed outside the antenna 73 to seal the plasma. 

Open to the upper portion of the source chamber 72 is a pipeline 76 

from which the process gas (process oxygen) is supplied. A source power 

supply 77 applies a voltage of 13.5 MHz corresponding to the cycle ·of the 

30 ground side Ac· power supply 64 to the two-stage antenna 73. 
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With this structure, the process oxygen supplied through the pipeline 

76 is turned into plasma in the source chamber 72 by the antenna· 73 and is 

then sent into the process chamber 61 by the inner coil 74 and outer coil 75. 

The oxygen plasma 55 that has been generated in this manner is sucked and 

5 accelerated in the process chamber 61 by the RF bias voltage which is applied 

to the silicon wafer 47 (hereinafter called "printer head substrate" though the 

substrate is actually processed in the form of the silicon wafer 47) via the 

support 63. and wafer chuck stage 62. 

The magnet 71 located on the wall of the process chamber 61 prevents 

10 the electrons of the oxygen plasma 55 from vanishing on the wall. This. 

causes the oxygen plasma 55 to shower on the printer hea~ substrate (silicon 

wafer 47) in a uniform distribution and collide on the top surface of the orifice 

plate 42 that is exposed by the mask pattern 54 on the metal film 53, thereby 

etching the orifice plate 42. The process gas after the treatme.nt is discharged 

15 to the right of the system as indicated by an arrow J in FIG. 11A. 

Although helicon-wave dry etching, unlike RIE (Reactive Ion Etching), 

does not have a parallel plate arrangement of electrodes, the potential of the 

printer head substrate 46 ~cts in the direction.to pull in the oxygen ions.56·in the .. · .. · 

oxygen plasma 55. Accordingly, chemical etching is carried out using the 

20 radical atoms 57 at the same time the oxygen ions 56 are sputtered on a work 

piece (orifice plate 4 7). 

When the work piece is polyimide, for instance, the essential 

substances are carbon and hydrogen, so that etching is performed with a 

chemical reaction of CxHy + 0 -+ C02 i + H20 i . Therefore, the helicon-

25 wave dry etching can carry out anisotropic etching, such as forming of holes, 

with a high etching rate ratio by using a combination of sputtering (physical 

etching) and radical reaction (chemical etching). 

Although etching is carried out while the printer head substrate is 

sufficiently cooled, the above-described cooling system alone still. brings about 

30 the problem illustrated in FIG. 10. 
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FrG. 12 is a diagram for explaining the cause for the problem that still 
' ' 

occurs even when etching is earned out while the printer head substrate is 

sufficiently cooled. · As illustrated in the diagram, because an Ink feed hole 38 

is open in the back of the chip substrate 46, the coolant gas 66 escapes upward 

5 from the orifloe8 44, passing through the ink feed hole 38, the common ink feed 

groove 37 and the ink flow passages 43 as' indicated by an arrow K from the 

instance the orifices 44 are·bored through bythe helicon-wave dry etching. 

As a residual such as the adhesive layer 51a sticks on the walls of the 

orifiees 44 when the orifices 44 are bored through by dry etching, over-etching 

1 O is generally performed for about 1 to ·3 minutes in drder to remove the residual ·· 

and finish the orifices into the desired ·and adequate shape. If the coolant gas 

66 escapes upW&rd from the orifices 44 aHhls time, however, the degree of 

vacuum in the clearance h between the wafer chuck stage 62 and th~ back of 

the chip substrate 46 increases and the thermal conductivity falls accordingly. 

15 This rapidly raises the temperature of the overall printer head substrate· 

including the chip.substrate 46. ·· 

As a result, the wrinkles 58 are produced on the surface of the orifice 

plate 42 as shown in FIG. 10. At this t111'1e, a large amount of the coolant gas 

66 that comes out above the·orifice plate 42 makes the density of the oxygen · 

20 plasma 551 non;.uniform.· . · It was found out that such a non-unifonn density · 

might damage or deteriorate the MOS transistors and capacitors in the driver 

31. 

According to the first embodiment, the ink feed hole 38 is temporarily 

blocked to overcome the problem that the coolant· gas 66 escapes above, 

25 passing the route from the ink feed hole 38 to the oriflries 44 when the orifices 

44 are bored through. 

FIG. 13A is a diagram showing the ink feed hole 38 being temporarily 

blocked by adhering an adhesive-applied sheet 78 to the back of the chip 

substrate 46, and FIG.· 138 is an enlarged cross-sectional view exemplarily 

30 showing the case where the orifices 44 are bored us·tng this scheme. 
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The adhesive-applied sheet 78 shown in FIG. 13A has a two-layer 

structure which has a thennally separable adhesive 81 deposited on a base or 

polyester film 79. The thennally separable adhesive 81 has an adhesive 

strength at room temperature but is easily separable from the interface with the 

5 chip substrate 46 at above a certain temperature. This thennal separation 

temperature is over 90°C for an a type, over 120°C for a (3 type and over 

150°C for a 'Y type, for example. 

FIG. 14 is a table showing the results of a test conducted on the 

adhesive strength of the thermally separable adhesive 81 using a PET 

10 (polyethyleneterephthalate) film as an adhesion target. As apparent from this 

table, the adhesive of the type (:l whose thermal separation temperature is 

120°C has an adhesive strength of 500 g/20 mm before separation, the, . 

strongest among the three types, while the coating thickness is thinner by 15 

µ. m than the adhesive of the type 'Y whose thermal separation temperature is 

15 150°C. 

If air comes into the interface between the chip substrate 46 and the 

thennally separable adhesive 81; when the printer head substrate is loaded into 

the helicon'.'"wave.dry etching system, this.air expands in the vacuum and lifts. 

the chip substrate 46 above the wafer chuck stage 62. At the time of adhering 

20 the adhesive-applied sheet 78 to the chip substrate 46, therefore, the sheet 78 

is closely adhered to the chip substrate 46 by using a tool such as a roller or a 

brush so that the air does not come into the interface. 

As helicon-wave dry etching shown in FIG. 11A is executed this way, 

even after the orifices 44 are bored through, the unifonn cooling state as 

25 obtained before the penetration of the orifices 44 can be maintained. This can 

ensure sufficient over-etching, so that the orifices of the desired and adequate 

shape can be formed as shown in FIG. 138. 

After the process of helicon-wave dry etching is completed, the printer 

head substrate adhered with the adhesive-applied sheet 78 is placed in an 

30 oven and is heated more than 3 minutes at 90°C, 120°C or 150°C according to 
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the thermal separation temperature of each adhesive .. · Accordingly, the 

thermally separable adhesive a1· can easily be separated without remaining on 

the chip subStrate 46 as shown in FIG. 138~ 

The following are the suitable conditions in the process of boring the 

5 orifices 44 in the orifice plate 42 by helicon-wave dry etching while cooling the 

printer head subStrate. 

flow rate of the process gas (oxygen): 4-76 seem 

process pressure: 0;2-1 Pa 

source power: 500-1000 W · 

.10 bias power: 50-600 W 

process time: 10-40.minutes 

temperature set for the circulator: -10 to .;.30°C 

flow rate of cooling He:. t0-30 seem • 

etching rate•ot polyimide: about 1-3 µ rn/minute 

15 One example of the process conditions in the case where the ink feed 

hole is block with the adhesive-applied sheet 78 tO which the thermally 

separable adhesive 81 having a thermal separation temperature of 90°C is 

applied and the orifices 44 are bored through in the orifice plate 42 having a 

thickness of 16 µ m by helicon-wave dry etching is given below. 

20 . thickness of the orifice plate: 16 .. µ m .. 
degree of vacuum achieved: 7.45 x:10·2 Pa · 

flow rate of the process gas (oxygen): 50 ~ccm 

process pressure: 0.5 Pa 

source power. 1000 W 

25 bias power: 300 W 

process time: 13 minutes 

temperature set for the circulator: -30°C 

flow rate of cooling He: 1 O seem 

etching rate ofpolyimide: about·1.6 µ m/minute 

30 Under the above conditions, the etching time till the penetration of the 
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orifices is 10 minutes and the over-etching time is 3 minutes. During the 

process, the adhesive strength of the adhesive-applied sheet 78 did not get 

lower and the expansion of the printer head substrate caused by blocking the 

ink feed hole 38 did not adversely affect the helicon-wave dry etching. 

5 The means for temporary blocking ofthe ink feed hole 38 in the chip 

substrate 46 is. not limited to. the use of the adhesive-applied sheet 78, but a dry 

film, for example, may be used as well. 

FIG. 15 is a diagram exemplifying a dry film 82 laminat!!d on the back 

of the chip substrate 46 at 80 to 90°C. Even the use of the dry film 82 can 

10 block the ink feed hole 38. In this case, the dry film 82 should be peeled off by 

using a peeling solution of, for example, monoethanolamine after the process of . 

boring· the orifices by helicon-wave dry etching is completed; 

A second embodiment of this invention will now be discussed. 

FIGS. 16A through 16F are exemplary diagrams showing a method of 

15 manufacturing an Ink-jet printer head according to the second embodiment of 

·.this invention~ FIG. 16A shows the state of the printer head substrate 

immediately after the above-described fabrication steps 1 to 4 are completed or­

the same state as shown in FIG. 28, so that same reference numerals are 

given to those components which are the same as the corresponding 

20 components shown in FIG. 28. 

This embodiment differs from the first embodiment in the process after 

the state in FIG. 168. First, as shown in FIG. 168, a water soluble resin 

material such as PVA (polyvinyf alcohol) is coated as a protection film 84 on the 

surface side of the chip substrate 46 where the partition 39, etc. are formed. 

25 . The ink feed passage that connects the ink feed hole 38 to the common ink 

feed groove 37 penetrates from the bottom to the top of the chip substrate 46. 

It is therefore preferable that a flow preventing film (not shown) or the like 

should be adhered to the back of the chip substrate 46 to prevent the protection 

film 84 from coming around to the back of the chip substrate 46 when the 

30 protection film 84 comes into the ink feed hole 38 from the common ink feed 
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groove 37. 

As the protection film 84 should easily be removed from the chip 

substrate 46 later, it is formed of; for example, a water soluble resin, such as 

PVA, polyvinylether or polyethylene oxide, a resin soluble: to an acidic solvent, 

5 such as nylon, urea resin, glyptal resin or cellulose resin; <)r a resin soluble to 

an·alkaline solvent, such as polyester, urea resin or melamine· resin, or a resin 

soluble to other types of solvents, such as acetone, benzene, ethanol and 

chloroform~ 

The protection film 84 can be coated by variou8 methods, such as spin 

10 coating, roll coating, spray coating; ·printing, potting and molding. 

·Because the protection film 84 coated on the part!tlon 39 shown in FIG. 

16B interferes with the later adhesion of the orifice plate 42, itis removed as. 

shown in FIG; 16C by scraping, scratching or any other adequate scheme. · 

The resultant structure is thereafter dried to harden ttie remaining protection 

15 film 84. Further, the flow preventing film which has became unnecessary Is 

separated. Next, the orifice plate 42 is thermally adhered lo the partition 39 by . 

·· · an unillustrated adhe8ive layer as in the ordinary fabrication procedures, and 

the metal film 53 is then futrned, followed by the forming of the pattern 54, as 

shown in FIG. 160. ·.By the time this step is completed,: the ink feed passages 

· 20 which extend from the ink feed hole 38 to the individualink flow passages 41 

·through the common ink feed gro0ve 37 and the common iokflOW passage 43 

has surely beel'l blocked. 

·. Subsequently, the orifices 44, the connection lead· portions and the like 

are bored through by helicon-wave dry etching as shown in· FIG. 16E. In this 

25 case too, over-etching is carried out for the proper period of time even after the 

penetration of the holes such as the orifices. It is the surface of the protection 

film 84 that undergoes over-etching, and none of the heat generating sections 

33, the electrode portions and the drivers 31 under the protection film 84 are 

directly subjected to etching. Therefore, the heat generating sections 33 and 

30 the drivers 31 are not damaged by over-etching. 

.;·:~. 
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Because th~ :ij]~on of the coolant gas at th~-ttthe th.e orifices are 

bored through by helicon-wave dry etching which has been explained in the 

section of the first embodiment is inhibited by the protection film 84 that blocks 

the ink flow passages, cooling of the chip substrate 46 is maintained after the 

5 penetration of the orifices. This can overcome a possible failure In the drivers 

caused by the ejection of the coolant gas as well as can permit sufficient over­

etching. 

Thereafter, the protection film 84 that has become unnecessary is 

removed from the printer head substrate as shown in FIG. 16F by •. for example, 

10 washing with warm· water if it is soluble to water .. When a resin material·other 

than a water soluble one is used for the protection film 84, the protection film 84 

is dissolved by an ~cidic or alkaline solvent to which the protection film 84 is · 

soluble. In the process of removing the protection film 84, the residual that 

-stays on the surface of tl'le protection film 84 as a result of dry etching can be 

15 removed together. 

In the above-described helicon-wave dry etching, oxygen plasma is 

used. . . This oxygen plasma has a higher etching effect on organics rather than. 

on inorganics or metals. In this embodiment, therefore, a resin_materialwhich . 

contains metal or inorganics with high etching resistance, when used for the 

20 protection film 84, demonstrates a better function as the protection film than a 

resin material alone. Specifically, itis better to use a material which has 

alumina, ceramics such as silicon nitride or glass particles contained in a resin 

material such as PVA, or a material which has metal, such as Al, Ni, Cu, Fe, Co 

or Ag, contained in a resin material, for the protection film 84. 

25 For the protection film 84, a polysilicatevinyl-based photoresist, a 

rubber-based negative (cyclopolyisoprene bisazido based) photoreslst, a 

positive photoresist of a novolak resin or a photoresist of an azido compound 

may be used instead of the aforementioned resins or resin materials containing 

metal or lnorganics. 

30 In this case, after the protection film 84 is coated on the chip substrate 



W000/46031 PCT/JP00/00501 

26 

46, exposure and developm'ent are perfomied'for patterning' in such a way that 

the prot&ction fUm · 84 remains at the other portions than on the partition, then 

the resultant structure Is baked to cure the protection film ·84. · Then, after the 

orifice plate 42 ls adhered to the protection 'filni 84, the llletai film mask 53 is 

5 formed· and the orifices 44 are· bored through· by dl°y etching,· the protection film 

84 that has become unnecessary should be' removed fro~ the printer head 

substrate as shown in FIG. 16F by, for example, washing with warm water if it is 

soluble to water. : ·when· a resin material othe'r than a Wttter soluble one is used 

for the protection film 84, the protection film 84 is dissolved by an alkaline 

10 stripping agent, sol\ientor the like.· 

As the protection film 84 has a photosensitive property,· this scheme 

can allow a fine pattern to be formed by using phofollthogtaphy and is therefore 

advantageous in that miniaturization processing which rnatches with the 

miniaturization of ink~jet printer heads ·is possible. ·. In· place of a liquid 

15 photoresist material, a dry film resist material may be used. · In this case, the 

dry film resist material is adhered by heating and pressurimtion applied' by a 

heating roller. Because the dry film resist material does 'net have a flowability ·. 

as compared with a liquid resist material, it is unnecessary tO adhere a flow 

preventing film to the back of the Silicon water47. This can oontribute to. 

20 simplification of the fabrication steps. 

A thinf embodiment of this inventionwilrnow be discus&ed. 

FIGS. 17A through 17E are exemplary diagrams showing a method of 

manufacturing an ink-jet printer head according to the third ernbodiment 

Since the structure illustrates in FIGS. 17A-.17C is substantially the same as the 

25 structure in FIG. 9A except fot a slight difference In the order of t~e fabrication 

steps, same reference numerals are given to those colilponentS which are the 

same as the corresponding components shtiwn in ·FIG. 9A. 
According to this third embodiment,·first, after unillustrated drives are 

formed on the chip substrate 46, the heat generating sections 33, •the commo·n 

30 electrode 34, the individual· wiring electrodes 36 and the partition 39 are formed, 

.. o;:: 
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followed by the forminflW the common Ink feed groov~>~7 as shown in FIG. 

17A. Then, the orifice plate 42 ls laminated as shown in FIG. 178, and the 

metal film 53 is formed on which the mask pattern 54 is formed as shown in FIG. 

17C. After only processing from the surface side of the chip substrate 46 is 

5 performed this way, the process goes to the boring step by helicon-wave dry 

etching to form the orifices 44 as shown in FIG. 170. After this, the ink feed 

hole 38 is bored through from the bottom side of the chip substrate 46 so as to 

communicate with the common ink feed groove 37 on the top surface side so 

that the ink feed passage penetrates through the chip substrate 46. 

1 O As apparent from the above, the forming of the ink feed hole 38 as 

shown in FIG. 17E that involves boring from the bottom side of the chip .. : 

substrate .46 has not carried out yet at the stage of helicon•wave dry etching 

shown in FIG. 170, so that the ink feed passage In the chip substrate 46 has 

not penetrated yet at the time of the penetration of the orifices 44.. Therefore, 

15 the coolant gas 66 shown In FIG. 11C that stays at the bottom side of the chip 

substrate 46 does not escape to the top surface side from the orifices 44. As 

in the first and second embodiments, therefore, the uniform cooling .state· as ... ·· 

obtained before the penetration of the orifices 44.can be maintained even after 

the orifices 44 are bored through. The third embodiment can therefore ensure 

20 sufficient over-etching, and can permit a plurality of orifices 44 of the desired 

and adequate shape to be formed simultaneously. 

A fourth embodiment of this invention will now be discussed. 

FIGS. 18A and 188 are exemplary diagrams showing a method of 

manufacturing an ink-jet printer head according to the fourth embodiment. 

25 According to this fourth embodiment, first, as shown in FIG. 18A, the 

orifices 44 are bored through by helicon-wave dry etching illustrated in FIGS. 

11A-11C. The process conditions in this case are the same as those of the . 

first embodiment. As shown in FIG. 188, immediately after all the orifices 44 

are substantially bored through, the coolant feeding pump 67 is deactivated to 

30 stop the ejection of the coolant gas 66 from the coolant ejection ports 69 in the 
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wafer chuck stage 62 (see FIGS. 11A-11C)~ A method of detecting the 

penetration of the orifices 44will be dlscussed'tater. 

· As the ejection of the coolant gas· 66 from the coolant ejection ports 69 

in the wafer chuck stage 62 stops, the flow ofthe eoolantgas 66 stops and the 

5 inertia and pressure of the flow drop so that it is only the coolant gas 66 near 

the ink fee~ hole 38 that slightly escapes toward the bored orifices 44. Most of 

the coolant gas 66 uniformly stays in the clearance between the back of the 

chip substrate 46 and the top surface ofthe \\later chuck stage 62. This can • 

allow the function of the residence eoolant gas 66 to cool the substrate to be 

10 maintained, though short it is. Over-etching is performed before the residence 

coolant gas 66 is scattered~ ' 

FIG. 19 is a flowchart illustrating.procedures for helicon-wave dry 

etching according to the fourth embodiment 'As shown in this· flowchart, first, 

the orifice plate 42 is placed on the substrate (silicon wafer 47) or it is securely 

15 laminated on the partition 39 (step 81 >~ Next, the metal film 53 is formed on .·. 

the surface ofthe orifice plate 42, followed by ttie forming ofthe pattern 54 on 

the metal film 53 (step 82). ' · · · .r: 

8ubsequently,·this·substrate 47 is·plaeed in the helicon-wave dry 

etching system and is secured on the wafer chuck stage 62. Further, the low'.' 

20 temperature circulator 65 (see FIG. 6)' is activated fu circulate the antifreezing 

liquid and the coolant feeding pump 67 is aetlvated to start the flow of the 

coolant gas (He) 66 for cooling the subStrate 47 so that the coolant gas 66 is 

fed to the space betWeen the substrate 47 and the wafer chuck stage 62 (step 

83). 

25 ·Next, helicon-wave dry etching is Initiated and penetration of the 

orifices 44 Is monitored (step 84). · In this etching process, the penetration of 

the orifices 44 takes about 1 o minutes.· When the penetration of the orifices 44 

is detected after about 1 O minutes (step 85), the coolant feeding pump 67 is 

deactivated to stop the flow of the coolant gas 66 betWeen the subStrate 47 and 

30 the wafer chuck stage 62 (step 86). This process takes approximately 100 
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msec. 

Then, after etching is resumed for one minute, i.e., after over-etching is · 

performed for one minute, helicon-wave dry etching. is stopped (step S7). This 

completes the boring of the orifices 44 In the orifice plate 42. 

5 According to this embodiment, although.the time needed for the 

penetration of the orifices 44 or 10 minutes, one of the above-described 

conditions in the first embodiment, is not changed, cooling the substrate after 

the penetration of the orifices 44 uses only the residence coolant gas 66. This 

makes it necessary to set a shorter time for over-etching, which is one minute. 

10 ·A description.will now be given of how to detect the timing at which 

almost all the orifices 44 are bored through, i.e., the just etching timing. The 

detection of the per:ietration of the orifices 44 can be accomplished by using 

various kinds of methods, such as emission spectral analysis, reflection 

spectral.analysis, gas analysis, pressure measuring scheme and flow-rate 

15 measuring scheme. 

The emission spectral analysis detects the light which has a specific 

wavelength to a reaction product or reaction gas produced in the plasma 

etching process in helicon-wave dry etchiog and monitors a change in light 

intensity with passage of time. Around the end point, the material that 

20 contributes to the reaction is reduced so that a change appears in the signal 

being monitored. According to this embodiment, the light whose wavelength is 

specific to the reaction product or reaction gas that is produced by polyimide is 

detected. 

According to the reflection spectral analysis, when a target is 

25 comprised of a substance to be etched and the substrate, the reflected light 

from the substance to be etched is observed during etching and the reflected 

light from the substrate is observed after the penetration of the orifices 44. In 

this embodiment,, the reflected light from polyimide of the orifice plate 42 is 

detected during etching and the reflected light from Si, the wiring material (Au, 

30 Al or the like) or the resistor element (Ta-Si-0 or the like) is detected after the 
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penetration of the orifices 44. 

During etching in which the orifices 44 are not bored through the orifice 

plate 42 yet,· the coolant gas 66 which Is flowing In the clearance between the 

.bottom side of the substrate and the wafer chuck stage 62 does not come out of 

5 the substrate surface: Immediately after the J>enetration of the orifices 44, 

however, the coolant gas 66 flows out ofthe substrate surface. The gas 

analysis detects the ejeeted coolant gas. In this embodiment, for example, He 

is detected .. · 

In consideration of the same phenomenon ·as described in the previous 

1 O description of the gas analysis, the pressure measuring scheme detects the 

end of etching by detecting a change in the pressure Of the coolant gas before 

and after the penetration Of the orifices. 44. 

Likewise, in consideration of the same phenomenon as described in 

the description Of the gas analysis, the flaw-rate measuring scheme detects the 

15 point at which the flow rate of the coolant gas 66 which has increased 

signlficatitly becomes stable at that large flaw rate .. ·as the end of etching. 

This invention is not limited to a roof~shooter tYpe ink-jet·printer head 

but may be adapted to a side-shooter type thermal ink:..jet printer head as well. 

Further, this invention is not limited to a thermal type ink-jet printer head but · 

20 may be adapted to a piezoelectric type ink-jet printer head as well. 

Various embodiments and changes may be made thereunto ·without 

departing from the broad spirit and scope Of the invention. The above­

described embodiments are intended to illustrate the present invention, notto 

limit the scope of the present invention. The scope of the present invention is 

25 shown by the attached claims rather than the embodiments. Varjous 

modifications made within the meani.ng Of an equivalent of the claims Of the 

invention and within the claims are to be regarded to be In the scope of the 

present invention. 

.\ 
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CLAIMS 

1. A method of manufacturing an ink-jet printer head having a 

substrate (46) provided with a plurality of energy generating elements (33) for 

generating pressure energy for ejecting inks and an orifice plate (42) located on 

5 said substrate (46) and having· a plurality of ejection nozzles {44) formed therein 

for ejecting Inks In a predetermined direction by pressure generated by said 

energy generating elements (33), said method comprising the steps of: 

forming an etching mask film (53) having a pattem (54) corresponding 

to said ejection nozzles in said orifice plate (42) before forming of said ejection 

10 nozzles (44); and 

forming said plurality of ejection nozzles (44) in said. orifice plate (42) 

by helicon-wave dry etching while cooling a printer head substrate having said 

orifice plate (42) with said mask film (53) placed on said substrate (46). 

2.· The method according·toclaim 1, wherein said orifice plate (42) is 

15 a multilayer sheet having a thermoplastic adhesive layer having a glass 

transition point higher than 200°C deposited on each side of a polyimide sheet. 

3. The method according to claim 2, wherein said printer head 

substrate is cooled to 200°C or lower. 

4. The method according to claim 1, wherein said printer head 

20 substrate is cooled by cooling a bottom of said substrate (46) with a coolant gas 

(66). 

5. The method according to claim 4, wherein after an ink feed 

passage penetrating from said bottom of said substrate (46) to a top surface 

thereof is formed, said ink feed passage is blocked before supply of said · 

25 coolant gas (66) starts, and after forming of said ejection nozzles (44) is 

completed and supply of said coolant gas (66) is stopped, blocking of said ink 

feed passage is released. 

6. The method according to claim 5, wherein said Ink feed passage is 

blocked by adhering a block sheet (78, 82) on said bottom of said substrate (46), 

30 and said blocking of said ink feed passage is released by removing said block 

l \11\11\ \\\Ill 111\l lll\I \l llll 
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sheet (78, 82). 

7. The method according to claim 4, wherein b~fore supply of said 

coolant gas starts, a plurality of ink leading passages extending from an ink 

feed passage penetrating from said bottom of said sub~te (46) to a top 

5 surface thereof to said energy generating elements Pro'{ic:ted on said top 

surface of said subst.rate (46) are blocked, and after fanning. of said ejeclion 

nozzles (44) is completed and supply of s.aid coolant ga~ ((;6) is stopped, 

blocking of said ink leading passages is ~leE!s.ed. 

8. The method according to claim 7, wherein·said ink leading 

10 passages are blocked by filling a dissolvable·resin (84) ea:isily dissolvable by a 

solvent and said blocking of said Ink· leading p1:1-ssages is, released by dissolving 

said dissolvable resin(84).. . . 

9. The method according to claim 8,. wherein s~!d dissolvable resin 

. (84) is filled in such a way as to cover said en.argy generati~g elements. 

15 10. The method according to claim 4, wherein i;aid ejection nozzles 

. (44) are bored before an .ink feed passage.penebllting fr~nn said bottom of said 

substrate (46) to a. top surface thereof is opened ... 

. 11. The method according to claim-10,.wherein s~id ink feed passage 

is formed by connecting an ink feed groove (~7) on a top .sLJrface side of said 

.. 20 substrate to an ink feed hole (38) on a bottom. side of. said substrate and one of 
. . : : .•. ·.' ,. 

said ink feed groove (37) and s.aid ink feed hole (38) is fprmed to open said ink 

feed passage after forming of said. ejection nqzzles. 

12. . The method according to, claim 11, wherein. said ink feed hole (38) 

is formed to open said ink feed passageafterform!ngof~aid ejection nozzles. 

25 13. The method t:1ccording to claim 4, wherein ~fter supply of said 

coolant gas (66) to said bottom of said substrate (46) of ~aid printer head 

substrate starts, said helicon-wave dry etching is initiated and said supply of 

said coolant gas (66) is stopped immediately after subs~ntlally all of said 

ejection nozzles (44) are bored through. 

30 14. The method according to claim 13, ~herein a timing at which 

111111111111\1 1111111111111111 
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substantially all of saifl)ij~ctlon nozzles (44) are bored:·through is detected from 

a change in a flow rate of said coolant gas (66}. 

15. A method of manufacturing an ink-jet printer head for performing 

recording by applying pressure energy to ink and ejecting said ink onto a 

5 recording medium from a plurality of ejection nozzles (44), comprising the steps 

of: 

arranging a plurality of energy generating elements for generating 

said pressure energy on a substrate (46); 

placing, as an orifice plate (42), a thin film sheet (42) having adhesive 

10 layers (51a, 51 b) adhered to both of top and bottom sides thereof on said 

substrate (46) with said energy generating elements arranged thereon; and 

forming a plurality of ejection nozzles (44) in said orifice plate (42) in 

association with said energy generating elements by dry etching while cooling 

a printer head substrate having said orifice plate (42) placed on said substrate 

15 (46) with a coolant gas (66) applied to a back side of said substrate (46). 

16. The method according-to claim 15, wh_erein said dry etching is 

helicon-wave dry etching. 
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