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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 pnnter 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-hke toners in easy mlmatunzatlon and lower printing energy. The
ink-jet pnnters are therefore popular particularly as personal printers.
The thermal ;e_t 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 thermal ink-jet printer head which ejects ink droplets in a direction
earallel to the heat generating _surface of the heat-generattng re_eistor element.
The sec_ohd onelisa _reof-shooter type or topéhooter type thermal 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 thermal ink-jet printer head, in particular, is known for |ts very low power
consumption.
FIG. 1Ais a perspective view showing the structure of a printer

equipped with such a roof-shooter type thermal ink-jet printer head, FIG.1Bisa
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plan view showing the ink eje'cting- side of the ink-jet printer head, FIG. 1Cis a
cross-sectional view from the direction of C-C' in FIG. 1B.and FiG."1D is a plan
view exemplarily illustrating a silicon water from. which thls ink-jet printer head is
manufactured. " | o

5 A pnnter 1 shown i In FIG 1Aisa compact prmter for home and
personal usage, and has a ‘carriage 2 to wh_lo_h an lnk-jet_ pn_nter head 3 that
prints and an ink cartridge?l that retains ink are attached.::‘ | The carriage 2 is
supported slidable by a guide rail 5 and is al"so' secured t'o' a selrated drive belt 6.
Wlth this structure, the lnk-jet printer head 3 and the Ink cartndge 4 are

10 reclprocally moved in the main print scanmng dlrectlon mdrcated by a double-
headed arrow B in the dragram This ink- jet pnnter head 3 is connected to an
unillustrated control unit in the main body of the pnnter 1 by a flexible

' communlcatlon cable7. The control unit sends print data and control srgnals
to the ink-jet printer head 3 via the flexible commumcatlon cable 7.

15 Located at the Iower end portron of aframe 8 |s a platen 9 which faces
the ink-jet pnnter head 3 and extends in the mam scannlng direction of this
head 3. Paper10is mtemnttently fed in contact wrth the platen 9 ina pnnl:ng
sub-scanning direction mdlcated by an arrow C in the dlagram by paper feed
rollers 11 and paper drscharge rollers 12. Dunng the statronary penod in the

20 intermittent feeding of the paper 10, the mk-jet pnnter head 3 ejects ink droplets
on the paper 10 in close proxrmlty and pnnts on the paper 10 while belng driven
by a motor 13 via the serrated drive belt 6 and the carnage 2. Pnntmg onthe
paper 10 is accomplished by repeating the mten'nlttent feedmg of the paper 10
and the ink ejectlon during the reclprocal movement of the ink-jet printer head

25 3. | S

Whlle as such a pnnter monochromatic prlnters were the main stream
in the past, full-color prmters have recently become rather popular The rnk-jet '
printer head 3 for use in a full-color printer has four parall_el orifice columns 16
for ejecting four respective color inks forme'd‘ onan oriﬁce:ﬁplate 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. 1B. »Eﬁch orifice column 16 has 128 orifices 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-jet printer head is to
5 simultaneously form multiple orifices, a plurality of heat generating elements,
and drivers.whlch respectively drive th_ose elements in a monolithic form by
utilizing silicon LS| 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. 1D. 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 connectied 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 thé orifices 17, the heat generating elemen_ts 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 usin.g 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 -

completihg the ink-jét printer head 3.
At the time of printing, the heat geherating elements 18 in the ink-jet

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

information, spon_taneously generating heat to cause é film boiling phenomenon_.

on the inks. As a result, ink droplets are ejected from the orifices 17
corresponding to the h_eat 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 'diam_eter of the |
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orifices 17 and are printed in about double the size on paper.

Conventionally, the orifices 17 are bored i the oifice plate 15 on each
chip substrate 14 by using an excimer laser technigque 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, itis pattemed 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 shapeat predetermined

10 locations. The con\)entional 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. o '

%5 -~ Disclosure of Invention

Accordmgly, iti ls an object of the present mventlon to provide a method |
of manufacturmg an mk-jet pnnter head which can smultaneously and
accurately form multlple orifices as ejectton nozzles at predetermmed locations
and ina predetermmed size and shape in a short penod of tlme

20 ' To achleve this object accordmg to one aspect of thls mventlon. there
is prowded a method of manufactunng an lnk-jet pnnter head havlng a
substrate prov:ded wrth a plurallty of energy generating elements for generating
pressure energy for ejectmg inks and an orifice plate located onh the substrate
and having a pluralnty of ejectlon nozzles formed therem for ejectmg inksina

25 predetem'uned dlrectlon by pressure generated by the energy generatlng
elements the method compnsmg the steps of fonmng an etchlng mask film
having a pattern oorrespondlng to the ejectlon nozzles in the orifice plate before
forming the ejection nozzles; and formmg the plurallty of ejectlon nozzles in the'
orifice plate by dry etchmg W|th helicon wave plasma source (heremafter

30 referred to as "helicon-wave dry etchmg") while cooling a printer head substrate
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having the oriﬁce plete with the mask film placed on the substrate.

Accord_ing .to th.is. method, as ejection hoziles are bo_r_ed while cooling
the printer head substrate which is to be etched using .helioon-wave dry efching
that can ens-ure faet 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 o_ﬂ1e_r_wiee adversely affect the ehape of the
ejection nozzles to be bored. This can permit m.ultiple ejection nozzles of_the
desired and adequate size and shape to be simultaneously and quickly bored.

| itis 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 substrate may be cooled to 200°C orlower. 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 "~ Inthe above m_ethod, itis 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 penetrating from the bb_ttom_ of the substrate
20 toatop sui'face thereof is formed, the ink fe.ed.passage is blocked before
| ~ supply of the coolant gas starts, and after fofming of the ejection nozzles is
completed and supply of the coelant gas is stopped, blocking of the ink feed
passage is released.. In this case, the ink feed passage has only to be biocked
by adhering a block sheet on the betlom of the substrate, and the blocking of
25 the ink feed passage has only to be released by removing the block sheet,

The second adequate sch.ehe of preventing the above shortcoming is
such that before supply of the coolant gae starts, a plurality of ink leading
passages extending from an ink feed passage penetrating from the bottom of
the substrate to a top surface thereo_f to the energy generating elements

30 provided on the top _sUrface of the éubs_tra_te are blocked, and after forming of
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the ejectlon nozzles is oompleted and supply of the ooolant gas is stopped
~ blocking of the ink leading | passages is released. In this case, the ink leadlng
passages has only to be blocked by filllng a dlssolvable resin easily dlssolvable
by a solvent and the blockmg of the ink Ieading passages has only to be
5 released by dissoliving the dissolvable resin. ' '
itis preferable that the d|ssolvable resin is filled in such a way as to
‘cover the energy generatmg elements. This prevents the energy generatmg
elements from being damaged by over—etchmg '
The third adequate scheme of p‘reventlng'the above 'shortcoming is
10 'such that the ejection nozzles are bored before an ink feed passage penetrating
from the botiom of the substrate to a top surface thereof is ope'ned  In‘this
case, the mk feed passage has only to be forrned by connectmg 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 one of the ink feed groove and the ink feed hole needs
15 only to be formed to open the ink feed passage after formmg of the ejection
nozzles. It is more preferable that the ink feed hole ls formed to open the ink
feed passage after forming of the ejection nozzles
The fourth adequate scheme of preventlng the above shortcommg is
such that after supply of the coolant gas to the bottom of the substrate of the
20 printer head substrate starts; the helicon-wave dry etching i is initiated and the
supply of the coolant gas is stopped lmmedlately after substantlally all of the
ejection nozzles are bored through. In this case itis 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 coolant: gas
25 “To achieve the above object, according to another asp'eet of this
“invention, there is provided a method of manufacturing an ink-jet printer head
for performing recording by applying pressure energy to ink and ejecting the ink
onto a recording medium from a plurality of ejection 'nozzles; comprising the =
steps of arra.n_ging-a plurality of energy generating elements for generating the

30 pressure energy on a subsirate; placing, as an orifice plate, a thin 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 eleménts arranged thereon; and
simultaneously boring a plurality of ejection nozzles in the orifice plate in
associétion with the energy generating elements by dry etching while cooling a
5 printer head substrate having the orifice plate placed on the substrate witha~ . -
coolant gas applied to a bac_k.slde of the substrate. _

According to this method, even if a thin film sheet having thermoplastic
adhesive layers adhered to both sides théreof, which is exo_el!ent 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 eiching 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 of a conventional thermal ink-jet
printer head; _
FIG. 1B 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. 1C is a cross-sectional view as seen from the direction of C-C’ in
30 FIG. 1B; |
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FIG. 1D is a plan view depicting a silicon wafer from which the printer
head in FIG. 1B is manufactured; - | |

FIG. 2A is a plan view exemplarily iIlustratirig the state after forming of
heat generating slements is completed in the fabrication of an ink-jet printer

5 head according to a first embodiment of this invention; .

FIG. 2B 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-jet prmter head aocordmg to
the first embodiment of this invention; ) '

10 FIG. 3B is a cross-sectional view of this state;

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

orifices is finished in the fabrication of the ink-jet printer head according to the
~ first embodiment of this invention; ' N

FIG. 4B is a cross-sectional view of this state; .

15 " FIG. 5A is a plan view exemplanly showing a part f the structure in FIG.
- 2Ain enlargement; ' ' '

FIG. 5B is a cross-sectional view as seen from the direction of B-B' in
FIG. 5A;

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

20 FIG. 5A;

FIG.6Alisa plén view-exemplarily-shov»)ing a part f the structure in FIG.
3Ain enlargement;

FIG. 6B is a cross-sectional view as seen from the direction of B-B' in
FIG. 6A; . _

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

FIG. 7A is a plan view exemplarily depicting a part f the structure in FIG.
4A in enlargement;

FIG. 7B 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. 8Ais a plan Qiew showing a ful_l-eolor ink-jet printer head
according to the first embedime_nt of this inven_tion as seen from the ink ejecting
5 side; _ | | _
FIG. 8B is a plan view depicting a silicon wafer for producing the head
in FIG, 8A; | o _
FIG.9Ais a cross-s_ectiona_l view exemplarily showing the state in the
vicinity of the heat generating sections before forming of the orifices has
10 started; .
FIG. 9B is a cross-sectional view exemplarily showing the state in the
vicinity ef the heat generating sections after forming of the oriﬁc_es has started;
FIG. 10 is a cross-sectional view exemplarily showing a problem which
arises when the orifices are bored by helicon-weve dry etching;
15 - FIG. 11Ais an exemplary explanatory.diagram ill.ustrating_ the
schematic sfructure of a helicon—wa_ve_ dry etching system;
FIG. 11B is a plan view _show_ing a wafer chuck stage.in the helicon-
wave dry etching system in FIG. 11A; . _
FIG. 11C is a cross-sectional view ex_emblarily illustrating a printer
20 head substrate which is being processed by tr_\e helicon-wave dry etching
system in FIG. 11A; | ;
.FIG. 12 is an exemplary crosstectionaI view of th_e sta'_te where a
- coolant gas is blown out of the bored orlﬁces, |
FIG. 13Ais an exemplary cross-sectmnal view showmg an ink feed
25 hole belng biocked in a manufactunng method accordmg to the first
embodiment of this invention;
. FIG. 13B is an exemplary crosé-sectional view sho'wing'_the ink-jet
printer head acquired according to the first embediment of .t'h_is rnvention;
" FIG. 14 is a table showing a !iet of various characteristi_cs of various

30 kinds of thermal separation sheets adapt_able to rhe manufacfurin_Q rnethod of
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the first embodiment of this invention; | |
FIG. 15 is a cross-sectional view exemplarlly showmg a modification of
the first embodiment of this invention; '
FIGS. 16A through 16F are exemplary cross-sectional views showinga
5 method of manufacturing an ink-jet printer head according to a second '
embodiment of this invention step by step for each of the essential stages;
FIGS. 17A through 17E are exemplary cross-sectional views showmg a
method of manufacturing an ink-jet printer head accordmg to a third -
embodimerit 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 pnnter '
. head according to a fourth embodiment of this mventlon.
FIG. 18B is an exemplary cross-sectional _vrew. showlng the state after
orifices are bored through in a method of -manufaéturing an ink-jet printer head
15 accordlng to. the fourth embodiment of this mventlon and’
FIG. 19 is a flowchart iliustrating the method of manufacturmg an ink-jet

_ printer head according fo the fourth embodiment of thls invention.
Best Mode for Carrymg Out the Invention

Preferred embodiments of the present mventron will now be described

20 with reference to the accompanymg drawmgs |

FiGS. 2A and 2B, FIGS. 3A and 3B and FIGS. 4A and 4B are
schematic pla.n views and cross-seCtiona_l views il_tustra_ting the fabrication |
states at three phases, step by step, ina 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 prinﬁng head (having the
same structure asa monochromatlc mk-;et printer head) ina full-color ink-jet
printer head for the sake of explanatory convemence actually. a plurallty of
(normally four) prlnting heads of a similar type are formed, side by side, ona
single chip substrate as will be dlscussed later Although FIG AA exem plifies

30 36 orifices 44, multiple onflces such as 64, 128 or 2586 orifices, are actually :



ERRA e

| WO 00/46031 i PCT/JP00/00501

1

formed according to the design rule. o
FIGS. 5A, BA and 7A are plan views exemplarily showing the essential
portions, in partial enlargement, in the plan views of FIGS. 2A, 3A, 4A. FIGS.
5B, 6B and 7B are cross-sectional views as seen from the direction of B-B' 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 LS| technology and an oxide film (SiO,) having a thickness of 1102 -
rm is formed thereon. As the next step 2, a film of a heat-generating resistor
of tantalum (Ta)-silicon (Si)-oxygen (O) is formed by using thin film depqsition

- 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 Ti-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 R
20 element and wiring elegtrodes 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, 2B 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 resistor element film

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

common electl_'ode 34 and an individual wiring electrode 36 formed on the

30 respective sides of each heat génerating 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 individual ‘wiring electrode 36 are formed in
paralle] at predetermined intervals, thereby yielding heat generating section
columns 33 and individual wiring elecirode columns 36.. Common-electrode
5 power-supply leads 35 are formed together with the common electrode 34 (see
FIG. 2A). R
.As the next step 3, a partition membeér of an organic material suchas

photosensitive polyimide.is-'fonne'd to the thickness 6f about 20 u m by coating
in order to form ink flow passages corresponding to the individual heat - '

10 .generating sections 33 and ink flow passages which are -?fesbectively connected
to those ink flow passages. 'After patterning this partiton member by -~

. photolithography, curing (annealing) is petformed to apply heat of 300°C to

400°C to the chip substrate 30 for 30 to 60 minutes, thereby fixing the partition -
of photosensitive polyimide having a he‘ight of about 10 2 m'on the chip

15 substrate 30. - As the subsequent step 4, a commion ink feed groove is formed’
in the surface of the chip substrate 30 where th‘e':partitidn'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. o

20 FIGS. 3A, 3B 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 common 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 of the 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 10 to 30 x 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 structdi'e

10-while heating it at 290 to 300°C, thereby fixing the oriﬂcé 'plate. Subsequently,
a metal film of Ni, Cd, Al or the Iiké having a thickness of 0.6to 1 umis
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 - _
hereinaftgr be called the opposite-to-partition side). This metal film serves as
15 a mask at the time the orifices to be discussed iater are bored through by dry:
etching. o _

Then, as step 6, the metal film on the orifice piate 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 muitiple orifices of31 u1m¢ 015 pzmé.. _

. FIGS. 4A, 4B and 7A-7C shqw_ the state immediately after the steps 5
and 6 have been completed. The orifice plate 42 covers the entire area
exdluding the common-electrode power-supply leads 35 and the driver leads 32,

25 and the individual ink flow passages 41 having a height of 10 x m formed by
the segmenting partition 39-3 have their openings facing toward the common
ink feed groove 37. A common ink flow passage 43 having a height of10 um
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 .

PCT/3P00/00501
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heat generatlng sections 33. This completes a mono-color ink-jet prmter head
45 that has a column of 64, 128 or 256 orifices 44.

" As described above, the mono-color mk-;et pnnter head 45 equipped
“with a single column of orifices 44 takes the structure of a monochromatlc ink-

5 jet printer head, and needs a total of four color inks, namely a black (Bk)
exclusively use':d'for black portions of characters or im'a'gés in addition to the
subtractive primaries of yellow (Y), magenta (M) and cyan (C) in normal full-
color printing. '.The're'fOre, a minimum of four columns of orifices are required. -

" FIG. 8Ais a diagram showing"a-'full-colof ink-jet'pr'inter head
10 constructed by arrangmg four mono-color mk-jet pnnter heads 45 of the above :
type side by side, and FIG. 8B i a view deplctlng multlple full-color ink-jet
printer heads 45 on a silicon wafer. ‘The above-described methed can
manufacture a full-color ink-jét printer head 48 as shown in FIG. BA by forming
multiple chip substrates 46 each shown in FIG. 8A on a silicon wafer 47 as
15 shown in FIG: 8B, and constructing the mono-color ink-jet printer heads 45
shown in FIGS. 4A and 4B on each'chip substrate 46 in four columns ina
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 like, separating the individual
chip substrates 46 from one another, thus yielding the full-color 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 orintef head.

The following will more specifically described how to bore the orifices
using the helicon-wave dry etching system which has already been explained
schematically in the section of the step 6 of the method of manufacturing 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, wﬁich is one type of electromagnetic waves that propagate in plasma, is
called a wh.isﬂer 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 stép-,
and a pqﬁion in the vicinity of that section 33. FIG. 9B 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 F_IG.- 9A, the orifice plate 42 comprises. three layers: an
adhesive layer 51a, a polyimide film 52 and an adhesive layer 51b. The
.adhesive layers 51a and 51b are 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 z mto the
15 thickness of about2to 5 um. When the temperature rises above the glass -
transition point, the elastic modulus of a thermoplastic reéin_ material, such as -
the adhesive layer 51a or 51b, drops sharply, thus increasing the sticl_<iness:.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 51a is provided
on the top surface in addition to the adhesive layer 51b on the back side of the
orifice plate. Because the orifice 'plate with the adhesive layer 51b 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
bofh the top and back sides of the orifice plate 42 with the same thermal
expansion characteristic by the adhesive layers 51a and 51b 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 51b 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/cm? for several tens of minutes; it is umformly and securely adhered to the
partition 39. ' ' '
5 Subsequently, a metal film 53 of Ni, Cu, Al, Ti or the like is formed to
the thickness of about 0.510 1 M as a mask material for dry eiching to be
discussed later, énd a pattern 54 corresponding to the orifices 44 shown in, for
example, FIG. 4A is formed on that film,"therebyilfo'n'rririg a mask for selective
etching of the orifice piate 42. In a case where the hilicon-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, Ti or the like provides the etching rate
ratio of approximately 1 : 50 to 100 for the polyimide film 52 to the metal film 53. -
~ To.etch the polyimide film 52 of approxlmately 30 um, therefore the metal film
53 of less than1 1 m suffices. ' | | |
45 After the forming of the metal film 53, the chip substrate 46 or the
silicon wafer 47 shown in FIG. 88 is placed in the helicon-wave dry etching
"system and the orifices 44 are bored by dry etching as shown in FIG. 9B.
Oxygen is used as the process gas for dry etching in the helicon-wave dry
etching system.  In the helicon-wave dry etching system, the process oxygen
20 O, becomes oxygen pla'srha 55 consisting of oxygen ions 56 and oxygen
radical atoms 57, which is sprayed onto the metal mask surface, thereby boring
the orifices 44 accordlng to the pattern 54, as shown in FIG. 9B.
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 etchmg
system is used to form holes faster as in this invention, however the helrcon-
wave dry etching uses the high-energy ion current and thus slgmﬁc'antly rarses-
the temperature of the target work piece than other etchihg schemes. This
brings about the foliowing problem. ' '

30 FIG. 10 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 ofiﬁces are bored in the normal manner using the helicon-wave dry
etching system, as shown in FIG. 10, the entire target work piece or the éntire
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 rﬁay

10 remain as an etching residual in the orifices 44 or the shape of ejection ports 44"
‘may be finished deformed. This undesirably cauées 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 wrinkies 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 thermo;'alastic 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. 11Ais an exemplary explanatory diagram illustrating a helicon-
wave dry etching system, FIG. 11B 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 centeranda
wafer chuck stage 62 provided in this process chamber 61. The silicon wafer

30 47 shown in FIG. 8B is Ioaded 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 'th'e wafer chuck stage 62.
" The silicon wafer 47 is sécured on the wafer chuck stage 62by
“ mechanical chucking (which mechanical holds the target), electrostatic
chucking (which electrostatically holds the target) or the like. ' The wafer chuck
5 stage 62 is formed integrafly on a support 63 via which an RF (Radio- -
Freguency) 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 coolant gas 66 such as He gas

10 for progressing thermal conduction and enhancing the cooling effect is fed into -

coolant ejection ports 89 cpen to the wafer support surface of the wafer chuck
stage 62 from a coolant feeding pump 67 viaa coolant feeding passage 68
provided in the support 83 and 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 low-temperature circulator
65 | S

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

" system is cooled down 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 temiperature of the entire
printer head substrate at the time of helicon-wave dry etching. |
Arranged around the process chamber 61 is a magnet 71 for trapping
the oxygen (O,) plasma 55 in the chamber 61 and a SOUfQé chamber 72 is
iocated 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 anci_ 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 voitage 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 plasm_a in the source chamber 72 by tﬁé 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 beeh generated in this manner is sucked and .

5 accelerated in the process chamber 61 by the RF bias voltage_ which is appiied
to the silicon wafer 47 (hereinafter calied "p_rlnter head substrate" though the
substrate is actually processed in the form of _t_he silicon wafer 47) via the -
support 63 and wafer chuck stage 62. _

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

10 the électrons of the oxygen plasma 55 from vanishing on the wall. This.
causes the oxygen plasma 55 to shower on the printer head 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 treatment is discharged
15 to the right of the system as indicatéd by an arrow J in FIG. 11A.

Although helicon-wave dry etching, unlike RIE (Reactive lon Etching)_, _
does not have a parallel plate arrangement of electrodes, the potential of the
printer head substrate 46 acts in the direction to puil in the oxygen ions 56:in the. - -
oxygen plasma 65. 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 47). _ )

When the work piece is polyimide, for instance, the essential
substances are carbon and hydrog,er_\, so that eiching is performed with a
chemical reaction of CxHy+O — CO, T +HO T. Therefore, the helicon- -

25 wave dry etching can carry out anisotropic etching, such as forming of holes,
with a high eiching rate ratio by using a combination of sputtering (physicai
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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" FIG. 12 is a diagram for explaining the cause for the problem that still
occurs even when etching is carried.out while the printer hiead 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 otifices 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 by the helicon-wave dry etching.

As a residual such as the adhesive layer 51a sticks on the walls of the
orifices 44 when the orifices 44 are .bored'thr'ough' by dry etching, over-etching
10 is generally performed for aboit 1 to-3 minutes in order to remove the residual - -
and finish the orifices into the desired and adequate shape.  If the coolant gas

86 escapes upward from the orifices 44 at this time, however, the degree of
 vacuum in the clearance h bétween the wafer chuck stage 62 and the back of
_ the chip substrate 46 increases and the therrnal conductivity falls accordingly.
.. 15 This raprdly raises the temperature of the overall pnnter head substrate
mcludmg the chlp 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 time, a large amouht'of the coolant gas
66 that comes out above the orifice plate 42 makes the density of the oxygen
20' plasma 55' non-uniform. - It was found out that such a non-uniform density
might damage or deteriorate the MOS fransistors and capacitors in the driver
31. o | S
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 passlng the route from the ink feed hole 38 to the orifices 44 when the onfices
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 48, and FIG. 13B is an enlarged cross-sectional view exemplarily

30 showing the case where the orifices 44 are bored using this scheme.
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The adhesive-applied sheet 78 shown in FIG. 13A has a two-layer -
structure which has a thermally separable adhesive 81 deposited on a base or
polyester filim 79. The thermally 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 thermal separation
temperature is over 90°C foran o type, over 120°C fora g type and over
150°C fora y type, for example. _ _

FIG. 14 is a table showing the resuits 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 8 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
zm than the adhesive of the type v whose thermal separation temperature is

- 15 150°C.

If air comes into the interface betweeh the chip substrate 46 and the -
thermally separable adhesive 81, .wﬁen the printer head substrate is loaded into . -
the helicon-wave dry etching system, this air expands in the vacuum and lifts -
the chip subsﬁate 46 abové the wafer chuck stage 62. At the time of adhering

20 the adhesive-applied sheet 78 to the chip subsirate 46, theréfore, the sheet 78

is closely adhered to the chip substrate 46 by using a tool shch as arollerora

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 uniform 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. 13B.

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 81 can easily be separated without remaining on
the chip substrate 46-as shown in FIG. 13B." '

The following are the suitable conditions in the process of boring the
orifices 44 in the orifice plate 42 by helicon-wave dry etching while cooling the
printer head substrate. | S '

flow rate of the process gas (oxygen): 4-76 sccm
process prés'sute: 0.2-1 Pa R
source power: 500-1000W -
bias power: 50-600 W
process time: 10-40 minutes
temperature set for the circulator: -10 to -30°C
flow rate of cooling He: 10-30 sccm *
: 'etching rate of polyimide: about 1-3 “z m/minute
One example of the brocess 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 téiperature of 90°C ‘is
applied and the orifices 44 are bored through' in the orifice piate 42 having a
thickness of 16 xm by helicon-wave dry etching is given below. -
" thickness of the orifice plate: 16 ‘uzm -~
degres of vacuum achieved: 7.45 x102Pa -
flow rate of the process gas (oxygen): 50 sccm
process pressure: 0.5 Pa o
source power: 1000 W
bias power: 300 W -
- -process time: 13 minutes
temperature set for the circulator: -30°C -
flow rate of cooling He: 10 sccm
etching rate of polyimide: about 1.6 -z m/minute

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 tempdrary blocking of the 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 laminated 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 efching 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. 2B, so that same reference numerals are.
given to those components which are the same as the corresponding

20 components shown in FIG. 2B.

This embodiment differs from the first embodiment in the process after -

the state in FIG. 16B. First, as shown in FIG. 16B, a water soluble resin
material such as PVA (polyvinyi aicohol) 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 io 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, polyvinylethe'r- or polyethylene oxide, a resin soluble‘to an acidic solvent,
5 such as nylon, urea resin, glyptal resin or cellilose resin, dr a resin soluble to
an alkaline solvent, such as polyester, urea resin or m'ela'ﬁg‘ine'r'es’in, or a resin
soluble to other types of solvents, such as adetone, bénzéne, ethanol and -
chloroform. 0 | | '
The protection film 84 can be coated by various m_éthods, such as spin
- 10 coating, roll coating, spray coating, printing, potting and rnb_lding. :
Because the protection film 84 coated on the partjtibn' 39 shown in FIG.
168 intérferes with the later adhesion of the orifice plate :42; itis removed as -
shown in FIG. 16C by scrép‘iﬂg,- sc'ratchirig or'any other 'ai'déquate‘ scheme.
- The resultant structure is thereafter dried to harden the remaining protection -
~ 15 film 84. Further, the flow pre'\'lentin__g' film which'ha'"s become unnecessary is
separated. Next, the orifice plate 42 is thermally adhered to the partition 39 by -
- an unillustrated adhesive layer as in the 6rdinaty-fabﬂdétibﬁ' procedures, and’
- the metal film 53 is then formed, followed by the forming of fhe-'paﬁem 54, as
shown in FIG. 16D. By the time this step is completed; thé' ink feed passages
20 which extend from the ink feed hole 38 to the individual ink flow passages 41
through the common ink feed groove 37 and the common |nk flow passage 43
has surely been blocked. - ' '
| Subsequently, the orifices 44, the connection lead'bdfﬂons and the like -
are bored through by helicon-wave dry etching as shown m FIG. 16E. Inthis
25 case too, over-etching is éarried out for the broper period of time even after the
penetration of the holes such as the orifices. - Itis the shﬁéce 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 pr6tectibn film 84 are
directly subjected to etching. There_fbre,‘ the heat generating sections 33 and

30 the drivers 31 are not damaged by over-etching.
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Because the é]‘éétlon of the coolant gas at the tifhe the orifices are
bored through by héiicon-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-
eiching.
Thereatfter, the protection film 84 that has become unnecessary is
- removed from the printer head substrate as s.hov_vn 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 acidic 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. the protection film 84 as a result of dry etching canbe

15 removed together. _ | _

In the above-described helicon-wave dry etching, oxygen plasma is
used. .. This oxygen plasma has a higher etching __eff_ect on organics rather than.
on inorganics or metals. In t.hls embodiment, therefore, a re_sin.rriaterial..which .
contains metal or inorganics with high etching resistance, wh__en5 used for the

20 protection film 84, demonstrates a bettef function as the protection film than a
resin material alone. Speciﬁ_cally, it is better to use a material which has
alumina, ceramics such as silicon nitride or glass particles cont__éined 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 p_olysilic_;a_tevinyl-_based_phptoresist, a.
rubber-based negative (cyclopolyisoprene bisazido based) photoresist,a
positive photoresist of a novolak resin or a phdtor_esist of an azido compound
may be used instead of the aforementioned resins or resin materials containing
metal or inorganics.

30 In this case, after the protection film 84 is coated on the chip substrate
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46, exposure and development are performed for patterning in such a way that
the protection fi film 84 remains at the other portions than on the partition, then
the resultant structure Is baked to cure the pro_tectlon film 84. “Then, after the
orifice plate 42 is adhered to the protection film 84, thie metal film mask 53 is

5 formed and the orifices 44 are bored throtigh by dry etcli:ing,'the'protection'ﬁim |

84 that has become unnecessary should be removed from the pririter head
substrate as shown in FIG. 16F by, for example, washing 'w_i'th warm water if itis
soluble to water. ‘When a resin material other than a water soluble one is used
for the protection film 84, the protection fi lm 84 is dissolved by an alkallne o
.40 stripping agent solvent or the like. o _
As the protection film 84 has a ph'otosensitive prop_erty.-this scheme

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

advantageous in that miniaturization process_ing'-wl'i'ich matches 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 heatmg and pressunzatron applied by a

heating roller. Because the dry film resist matenal doés not have a flowabihty "

as compared with a llqmd resist matenal itis unnecessary to adhere a flow
preventing film to the back of the srlicon wafer 47 ‘This can confribute to
20 simplification of the fabrication steps. -

A third embodiment of this invention will iow be discussed.

FIGS. 17A through 17E are exemplary diagrams showing a method of
manufacturing an ink-jet printer head according to the third embodiment.
Since the structure illustrates in FIGS. 17A-17C is SUbstantiaIly the same as the

25 structure in FIG. 9A except for a slight difference in the order of the fabrication
steps, same reference numerals are given to those components which are the
same as the corresponding componenits shown in 'FI'G; 9A ' |

According to this third embodiment, first, after unillustrated drives are
formed on the chip substrate 46, the heat generating sections 33, the common

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

ey
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followed by the formmﬁﬁ? the common ink feed groové 37 as shown in FIG.
17A. Then, the orifice plate 42 is 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. 17D. 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.

10 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 helioonawavé dry etching
shown in FIG. 17D, 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 18B 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 émbodiment. As shown in FIG. 18B, immediately after all the orifices 44

are substantially bored through, the coolant feeding pump 87 is deactivated to
30 stop the ejection of the coolant gés 66 from the coolant ejection ports 69 in the
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wafer chuck stage 62 (see FIGS. 11A-1 1'C)' A method of detectmg the |
penetration of the orifices 44 will be discussed later.
- As the ejection of the coolant gas 66 from the coolant ejection ports 69
in the wafer chuck stage 62 stops, the flow of the coolant gas 66 stops and the
5 inertia and pressure of the flow drop so that It is only the coolant gas 66 near
the ink feed hole 38 that slightly escapes toward the bored orifices 44. Most of
the coolant gas 66 uniformly stays in the clearance betwesn the back of the
chip substrate 46 and the top surface of the wafer chuck stage 62. This can :
allow the function of the residence coolant gas 66 to cool the substrate to be
10 maintained, though short it is. Over-etchmg is performed before the: resldence
coolant gas 66 is scattered. - ' '
FIG. 19 is a flowchart |Ilust'rating'p'r'odedu'res' for helicon-wave dry
etching according to the fourth embodiment. - *As shown in this=ﬂowqhart. first,
the orifice plate 42 is placed on the substrate (silicon wafer 47) or it is securely
15 laminated on the partition 39 (step S1). “Next; the metal film 53 is formed on -
the surface of the orifice plate 42, followed . by the formmg of the pattem 54 on
the metal film 53 (step S2)." R .
Subsequently, this substrate 47 is placed 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 activatéd to circulate the antifreezing |
liquid and the coolant feeding pump 67 is 'a’c":ti'va_t"'e,d' 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
s3). | | |
25 Next, helicon-wave dry etching is initiated and penetration of the
orifices 44 is monitored (step S4). 'In this étéhing process, the penetration of
the orifices 44 takes about 10 minutes. - When the penetration of the orifices 44
| is detected after about 10 minutes (step S5), 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 S6). This process takes approximately 100 -
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msec.

Then, after étcﬁing 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 penetration of the orifices 44 can be accomplished by using
various kinds of methods, such as emission spectral analysis, reﬂection
spectral analysis, gas anal_ysis, 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 etching 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 erﬁbodiment, 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-O 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 chuick stage 62 does not come out of -

5 the substrate surface. Immediately after the penetration of the orifices 44,
however, the coolant gas 66 flows out of the substrate surface. Thegas
analysis detects the ejected coolant gas. ' In this émbodiment, for example, He
is detected. - | | |

In consideration of the same phenomenon as described in the previous

- 10 description of the gas analysis, the preséufe-rrieaSuﬁng scheme detects the

" end of efching 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. bhenomehon as described in
- the description of the gas analysis, the flow-rate measuring scheme detects the
15 point at which the flow rate of the coolant gas 66 which has increased
significantly becomes stable at that large fiow rate‘as the end of etching.

“This invention is not liniited 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-
déscribed embodiments are intended to iIIusttéte the present invention, not to
limit the scope of the pres'ent invention. The scope of the present invention is

25 shown by the attached claims rather than the embodiments. Vaﬁous
modifications made within the meaning 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) iocated on

5 said substrate (46) and having a plurality of ejection nozzles (44) formed therein -
for ejecting inksin a predete'rmined'direction by pressure generated by Said: :
energy generating elements (33), said method comprising the steps of:

forming an etching mask film (53) having a pattern (54) corresponding
to said ejection nozzles in said orifice plate (42) before forming of said ejection

10 nozzles (44); and - | a

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 fo claim 1, wherein said orifice plate (42) is

15 a multilayer sheet having a thermoplastic adhesive layer having a glass
'tran_sitio'n 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). . S

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 bloékéd before sdpply 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
I —

N O lll\j I
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sheet (78, 82).

7. The method according to claim 4, wherein before supply of said
coolant gas starts, a plurality of ink leading passages _exténding from an ink
feed passage penetrating from said bottom of said s_ubsttai;_e (46) to a top

5§ surfacs thereof to said energy g_enerati_ng elements prowded on said top
surface of said substrate (46) are blocked, and after f,on_nji';n.. of said ejection
nozzles (44) is completed and supply of said coolant ga§ .'(.66) isstopped, -~ 7

blocking of said ink leading passages |s re!eased _ | _
‘8. The method according to claim 7 wherein sald ink Ieadmg _
10 passages are blocked by filling a dissolvable resin (84) egsnly dissolvable by a
solvent and said blocking of said ink leading passages is‘i}gleased by dissolving
_said dissolvable resin (84). , o .
9. The method according to clalm 8, wherem sald dissolvable resin
- (84) is filled in such a way as to cover said .en“ergy;:genera_tspg elements.
15 10. The method according to claim 4, wherein sald .ejecﬁbn nozzles
-(44) are Bored befdre an ink feed passage penetrating fréfn’s_aid bottom of said
substrate (46) to a top surface thereof is opened. 8 :
- 11.  The method according to claim-10, :wh._erein?s.:_aid ink feed passage
is formed by connecting an ink feed groove (37) on _a_tqp_,sprface side of said
- 20 substrate to.an ink.feed hole (38) on a.-bot_tom:_fsi.i:ie, of, sai@‘ substrate and one of
said ink feed groove (37) and said ink feed hole (38) is fpﬁned to open said ink
feed passage after formmg of said ejection nozzles. L _
12.  The method according to claim 11 wherem sald ink feed hole (38)
is formed to open said ink feed passage after forming of §a_|d ejection nozzles.
25 13. The method according to claim 4, wher_ein-'gfter supply of said
coolant gas (66) to said botiom of said substrate (46) of Sg_ai_d printer head
substrate starts, said helicon-wave dry etching is initiated and said supply of
said coolant gaé (66) is stobped immediatgly after substéntia_lly all of said
sjection nozzles (44) are bored through. | |

30 ~ 14. The method accordlng to claim 13, wherein.a tlmmg at which

LT
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substantially all of saiﬁi‘%f%ction nozzles (44) are bored through is detected from
a change in a flow réte of said coolant gas (66). |
16. 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 ge'nera_ting
said pressure energy on a substrate (46); “ |
piacing, as an orifice plate (42), a thin film sheet (42) having adhesive
10 layers (51a, 51b) adhered to both of top and bottom sides thereof on said
substrate (46) with said energy generating elements arranged thereon; and
fonning 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 ooolant'gas (66) applied to a back side of said substrate (46).
16. The méthod according to claim 15, wherein said dry etching is

helicon-wave dry etching.

A



