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5 BACKGROUND ' OF THE INVENTION

Field of the Invention
The present invention relates to an ink jet
recording head and a method of manufacture therefor.
More particularly, the invention relates to a method
10 for manufacturing an ink jet recording head which
comprises a fine structure to be processed by use of
laser beam.
Also, the present invention relates to a laser
processing apparatus for processing grooves or the like
15 by irradiating laséi beam to a work, an ink jet
recording head whose grooves are processed bf the laser
processing apparatus, and an ink jet recording
apparatus provided with such ink jet recording head.
Related Background Art
20 ~ Along with the‘provision of many nozzles and
further reduction of its orifice diameter in order to-
obtain a high resolution by use of an ink jet recording
head which performs prihting by discharging ink
droplets from the 6rifices of,-for example, tens of um
25 each, the influence of dust paiticles intermingled when
it is manufactured or ink flows in it has become

increasingly greater. Therefore it is urgently




further reduction of its orifice dianeter in order to obtair a high
_resolution by use of an ink jet recording head which performs printing by
~discharging ink droplets fromthe orifices of;-for -exanple, tens of [err]

25 - each, the influence of dust particles ﬁngerningled when it is :
manuf actured or ink flows in it has :becone ifcreasingly greater. Therefore
it is urgently -2- required to take appropriate nmeasures agai nst such

unfavorabl e i nfluence. As a nmeasure of the kind, there has been proposed a
met hod for formng an ink supply inlet and filter at a tine by application

~of Si 5 anisotr&pilreéd Ctt NEaIRS Pprdpsertd meliiaas ol dwirl- Open
Application No. 5-208503, and a nethod for providing a filter structure by
use of a filler aingavdratsialiireficiad. coy iguicisue idF tiiRe ikKindattherse
| has been proposed a method for forming an ink supply
inlet and filter at a time by application of Si
5 aniSotropic etching as disclosed in Japanese Patent
Laid-Opén Application No. 5-208503, and a method for
providing a filter structure by use of a filler of a
three-dimensional configuration in the ink path as
disclosed in Japanese Patent Laid-Open Application No.
10  5-4348. Also, there is a method known as disclosed in
Japanese Patent Laid-Open Application No. 3-180355
wherein a stainless steel meshed filter is provided in
the ink path.
However, in accordance with the disclosure of the
15 Japanese Patent Laid-Open_Application No. 5-208503, for
example, the filter unit is obtained by such a
patterning as to change its resistance égainst etching
solution by implanting boron ions. This.inevitably
results in increasing ‘the numbér of head manufacture
20 . brocesses extremely. Also, while the filter is
provided for the ink supply inlet arranged on the upper
part of the ink liquid chamber, there are no particular
measures taken in the manufacture processes to prevent
the dust particles from adhering to the space between
25  the ink liquid chamber and other parts.
Alsb, in accordance with the disclosure of the

Japanese Patent Laid-Open Application No. 5-4348, a



di scl osed in Japanese Patent Laid-Open Application No. 10 - 5-4348. Also,
there is a method known as disclosed in Japanese Patent Laid- QOpen
Application No. 3-180355 wherein a stainless steel nmeshed filter is
provided in the ink path. However, in accordgnce with the disclosure of the
15 Japanese Patent Lai d-Open Application . 5-208503, for exanple, the
filter unit is obtained by such a patterning as to change its resistance
agai nst etching solution by inplanting boron ions. This inevitably results
i n increasing the nunber of head manufacture 20 processes extrenely.

Al so, while the ffilkberibsptovbelamited with irksEnppl Phislmikesriatged on the
upper part of the ink liquid chanber, there are no particul ar neasures
taken in the manudeEficel processesthe whyatandieeriust Heetfilesrfrom
adhering to the space between 25 the ink |iquid chanber and other parts.
Al so, in accordanEee®dYh tMkse siemm@rctanmevam&mmﬂmmﬁm

Application No. 5-4348, a
Japanese Patent Laid-Open Application No. 3-180355, it

5 is inevitable that the number of manufacture processes
should be increased in order to bury the stainless
steel meshed filter in the liquid path.

Further, in recent years, laser oscillators are

of;en used as light source for laser processing

10 equipment. Particularly, attehtion is given to the
ultraviolet pulse laser oscillators as a light source
of laser processing at the time of abrasion when
patterning is performed on polymer without any
development. As laser processing apparatuses or

15 systems for_processing polymer by utilizing abrasion,
there have been proposed those given below. In other
words, each of'those apparatuses (disclosed in Japanese
Patent Laid-Open Application No. 4-9291 and Japanese
Patent Laid-Open Application No. 4-339585) comprises a

20 laser light source; a given pattern; a masking unit
provided with a mask which transmits the laser beam
from the laser ligbt source to the work side through
this pattern; a projection optical system for
projecting the laser beam from the laser light source;

25 and measurement and driving system for measuring the
work position and causing the work to move.

A laser processing apparatus of the kind is mainly



-3- filler is to be mxed with resin. This makes it difficult to set the
‘hol e diameter of the filter freely. Also, in accordance with the disclosure
of the Japanese Patent Lai d-Open Application No. 3-180355, it 5 S
~inevitable that the nunber of . manufacture prgcesses shoul d be increased in
order to bury the stainless steel neshed filter in the liquid path.

- Further, in recent years, |aser oscillators are often used as |ight source
for | aser processing 10 equi pnent. Particularly, attention is given to
the ultraviolet pulse |aser oscillators as a |light source of |aser

processing at thededecsd pidcsEihgge BElddaYdW dorfedordredinn rat ymer
w t hout any devel opnent. As | aser processing apparatuses or 15 systens
for processing patecmrding wHppgaEthg JlreE8mwto Japanese Patent Laid-Open
Application No. 2-121842, Japanese Patent Laid-Open
Application No. 2-187346, Japanese Patent Laid-Open
5 Application No. 3-101954, Japanese Patent Laid-Open
Application No. 3-101960) or for processing the ink
paths of an ink jet recording head (Japanese Patent
Laid-Open Application No. 2-121845), among fine
processing of other kinds.

10 In this respect, the ink jef recording head
described above is particularly the one which adopts
bubble jet method among those heads using.ink jet
recording methods. Here, the typical structure and
principle of a recording apparatus using the bubble jet

15 method are disclosed in the specifications of U.S.

Patent Nos. 4,723,129 and 4,740,796. These are
applicable to either of the so-called on-demand type
and the continuous type. To describe this method by
exemplifying the on-demand type, electrdthermal N
20 | transducing elements are arranged for a sheet or liquid
passage (ink path) capable of retaining liquid (ink),
and then, these elements are caused to generate thermal
energy in response to driving signals, hence creating
film boiling on the thermoactive surface of a recording
25 head. In this way, a resultant air bubble is formed in
the liquid (ink) path one to one with respect to the

driving signals described above. With the development



there have been proposed those given below. In other words, each of those - 7
..apparatuses (disclosedin Japanese Patent Laid-QOpen Application No. 4-9291

and Japanese Patent Laid-Qpen Application No. 4-339585) conprises a 20

laser l'ight source; a given pattern; a nasgigg_unit-provided with a mask

which transmts the | aser beamfromthe |aser |ight source to the work side
through this pattern; a projection optical systemfor projecting the, |aser
beam fromthe |aser |ight source; 25 and nmeasurenment and driving system
“for neasuring the work position and causing the work to nove. A | aser

processi ng appar ainé dntdtdidid dfs thigladr bubbie!sad dudla RIEESSIdg the

di scharge ports of an ink jet recording apparatus (refer to Japanese Patent

Lai d- Open Appl i caliiswhagge Erbhl@bch I hes diBahdtigd PortaEam the form
of an ink droplet. Here, as the driving signals thus
given, it is'preferable to.make them pulse signals as

5 disclosed in the specifications 6f U.S. Patent Nos.

4,463,359 and 4,345,262. Also, regarding the rate of
temperature rise on the aforesaid thermoactive surface,
it is desirable to édopt the conditions disclosed in
the specification of U.S. Patent No. 4,313,124 for a

10 better performance.

The structure of the ink jet recording head
described above is arranged by-combining discharge
ports (orifices), linear or righf angléd liquid paths
(ink paths), and electrothermal transducing elements

15 disclosed in each of the specifications described
above, but beside these, it may be possible to arrange
a structure Where the thermoactive portion is provided
in ; cﬁrved domain as disclosed in the specifications
of U.S. Patent Nos. 4,558,333 and 4,459, 600. Further,

20 the structure of the ink jet recording head described
above may be such that a common slit is arranged as the
discharge ports of electrothermal transducing elements
in a plurality thereof as disclosed in Japanese Patent

 Laid-Open Application No. 59-138461, for example, or an

25 aperture, whidh absorbs the pressurized waves of

thermal energy, is arranged to face the discharge pdits”

as disclosed in Japanese Patent Laid-Open Application




Application No. 2-187346, Japanese Patent Laid-Open 5 Application No.
3-101954, Japanese Patent Laid-Qpen Application No. 3-101960) or for
processing the ink paths of an ink jet recer@ing head (Japanese Patent
Lai d- Open Application No. 2-121845), anong fine processing of other kinds.
10 In this respect, the ink jet recordi ng head descri bed above is
particularly the one which adopts bubble jet method anpng those heads usi ng
ink jet recording nethods. Here, the typlcal structure and rlng§ e of a

recordi ng appara t§91%§3ﬁﬁérbé&a¢?ﬁQEP £ I {50 T8PReGts cth€ed™n t he

speci fications of U S. Patent 4, 723 129 40, 796...These are
applicable to ei thfdr THCAH D h(?'é"lqse 1(?5’:%9? 3:5‘ P&ctlﬁé' ggﬂ‘ﬂnﬁuous

ef bci rot her mal | 2@esernet ahav S Hin aﬁéa?%ffg?%a%%e% Taalithen
20 P (g AR SIS bty 7B
5 of recording heads, respectively. However, it may be
possible to structure them as one recording head having
a length corresponding to a given width (the maximum
width of the receding medium that a recording apparatus
may be able to use to record on).

10 .Also, the structure of the ink jet recording heads
described above may be an exchangeable chip type where
it can be electrically connected with the main body of )
an apparatus and ready to recéive ink supply or a
cartridge type which is formed as a recording head

15  itself. | |

However, when fine érooves and others are
processed by uée'of a laser processing apparatus on a
work which constitutes a part of an.;nk jet recording
head of the kind, it is impoésible to }brm a groove

20 | having a three-dimensional wall by application of a
single if its processing configuration is such that the

" wall faces to be formed are three-dimensional with
respect to the direction in which the laser beam is
irradiated. 1In this case, a multistage processing must

25 be performed using two or more kinds of masks. As a
result, a problem is iﬁevitable encountered that it

takes a considerable time to complete the processing.



[P S

energy in response to driving signals, hence creating f|In1b0|I|ng on the
t her noacti ve surface of ‘a recording 25 head. In this way, a.resultant
air bubble is formed in the liquid (ink) path one to one with respect to
the driving signals described above. Wth the devel opment -5- and
contraction of this air bubble, liquid (ink)_is discharge fromeach of the
- discharge ports in the formof an ink dropre? “Here, as the driving signals
thus given, it is preferable to nake them pul se signals as 5 di scl osed
in the specifications of U S. Patent Nos. 4,463,359 and 4, 345, 262. Al so,
regarding the rate of tenperature rise on the aforesaid thernoactive

sur face, s de d on LoNS I
speC|f|cat|on of %I%%%ﬁafe Pghgggﬁ£ §§§13g %o? %ggég& ngg?églﬁé ?%?n%%ce.
must be arranged to agree with the position of the

first processing exactly, necessitating extremely high

srecision for the required image processing and the

iy

Jrovision of a system enabling the precise stepping of
work movement, emong some others, in order to execute
such precise positioning exactly. These requirements
result in making the apparatue itself large and more
complicated.
10 On the other hand, among ink jet recording heads,
| there are some in which extrusions are formed in the
ink paths to provide resistance to thelink flow for the
purpose of ehhancing the discharging properties of ink
by controlling the ink supply force so that it stays
57" more .in the dischafée port side, and.that the ink
foaming energy is not allowed to escape to the side
opposite to the discharge ports. When the conventional
laser processing apparatus is used to process grooves
each:with extrusion for the formation of the ink paths
20 having such extrusions, the productivity is extremely
marred for the reasons described above.
SUMMARY OF_THE INVENTION
The present invention is designed in consideration
of the.problems described above. It is an ohjeet of

25 the 1nvention to provide an ink Jet recording head

havingfmaans fbr reducing the influence of dust

particl s;to be mixed at the time.of mannfacture or




The structure of the’ink jet recording head described above i s arranged by'

- conbi ni'ng di scharge ports (orifices), linear or right angled liquid paths
(ink paths), and el ectrothermal transducing el ements 15 di sclosed in
each of the specifications descri bed above, gut beside these, it may be
possible to arrange a structure where the thernoactive portion is provided
in a curved domain as disclosed in the specifications of U S. Patent Nos.
4,558, 333 and 4, 459, 600: Further, 20 the structure of the ink jet
recordi ng head descri bed above nay be such that a common slit is arranged
as the di scharge fimwingfirid, eciniehhdetdnels’ dnsteaisiggdlegereaternaiong

plurality thereof as disclosed in Japanese Patent Laid-OQpen Application No.
59- 138461, for ewdigi eshepravizion ofpemenyr eorehinoizzdesoebd the pressurized

waves of thermal energy, is arranged to face the discharge ports as
di scl osed i n JapaesiuctHaremt [thed ogididcap diameties

In order to achieve this object, the present
5 invention is provided in the following manner with:
| (1) forming on a base board one or more elements
for generating liquid discharging energy for
discharging ink and making it a fifst base board;
(2) forming on another base board,
10 a) a common recess,

b) one or more grooves extending from said
common recess to the end of said base board,
having aperture serving as ink discharge ports,
and

15 c) one or more column members in an arbitrary
porfion of a region formed by said groove and
common recess, and

while maintaining conductivity from said common
recess to said aberture, déking said base board as a

20 second base board;

(3) coupling said first base board and second base
board in a mode in which said element for generating
liquid discharging energy and said grooved recess
correspond to each other; and

25 providing one or more ink paths having a common
liquid chamber and. elements for generating liquid
discharging energy, one end of said ink path béing open



-6- No. 59-138461, for exanple. In this respect, -the ink jet recording
. ‘heads disclosed in the specifications descri bed above are arranged to
+'secure its-length corresponding to a given width by conbining a plurality 5-

of recording heads, respectively. However, gt_nmay be possible to structure
" them as one recording head having a |l ength corresponding to a given w dth
(the maxi mumwi dth of the receding nmediumthat a recordi ng apparatus may be
able to use to record on). 10 Al so, the structure of the ink jet
recordi ng heads described above may be an exchangeabl e chip type where it
can be el ectri caltdoy sadidnesimabnMltiutide chmmbelrodundfl the apgatheuneofind r eady
to receive ink supply or a cartridge type which is fornmed as a recording

head 15 i t sel foecamimge dinknddschiaprgegportes and ot hers are processed by
use of a | aser processing apparatus on a
forming a head in which the portion where said

column members are arranged is made to be a filter unit
5 for ink.

Now, in accordance with the present invention, it
is also an object to provide a laser processing
apparatus capable of processing a work efficiently by
processing a thfee-dimensional configuration by a

10 single processing in the direction of laser beam
irradiation. Also, with processing by use of such
laser processing apparatus, it is aimed at providing an
ink jet recording head having its excellent discharge
properties while maintaining a good productivity.

15 In order to achieve the objects described above,
the laser processiﬂg apparatus of the present invention
is provided with a laser light source, given patterns
corresponding to the processing configuration of a
work, and a mask unit provided with the mask ﬁhich

20 transmits laser beaﬁ from the laser light source to the
work side through such patterns.

This laser processing apparatus is characterized
in that the mask unit is positioned in the luminous
flux of the laser beam apart from the surface of the

25 aforesaid mask by a certain distance, and arranged to
be capable of installing on it a member which reflects

or absorb at least a part of the aforesaid laser beam. -



wor k whi ch constitutes a part of an ink jet recording head of the kind, it
is inpossible to forma groove 20 havi ng a t hree-di nensional wall by
application of a single if its processing configuration is such that the-
wall faces to be formed are three-dinensiaongl, with respect to the direction-
in which the |aser beamis irradiated. In thi's case, a nultistage

processing nust 25 ° be performed using two or nore kinds of nmasks. As a
result, a problemis inevitable encountered that it takes a considerable
time to conplete the processing. -7- Further, the positions of the

second processing and ANsd)sit heaypbenignsk 1K) 8 XS Hridiliid RhepQaddron of the
first processing exactly, necessitating extrenely high precision for the

requi red i mage prpressssing rappdm tuswistio atofleasty dremsystien g thexr of
preci se stepping of
a beam adjustment optical system for reforming the
laser beam from the laser light source; an optical
5 system for illuminating the mask; and a projection
optical system for focusing the image of the pattern of
the mask on the surface of the work by a given
magnification.
The aforesaid mask may be arranged in close
10 contact with the aforesaid work.

Further, the member which reflects or absorbs at
least a part of the laser beam may be either the one
which is able to adjust its position of installation
relatively with respect to the mask or the one which is

15 fixedly installed with respect to the mask.

Then the member which reflects or absorbs at least
a part of the laser beam may be the one whose
transmissivity of the laser beam differs depending on
its regionsr

20 Also, the laser light source may be the one which
can'generate ultraviolet pulse 1asef. In this case,
the ultraviolet pulse laser may use either one of Xe-Cl
excimer laser, Kr-F excimer laser, Ar~-F excimer laser,
fourth harmonic of YAG laser, mixed waves of basic wave

25 -and secondary harmonic of YAG laser, and nitrogen gas

laser.

An ink jet recording head of the present invention



wor k nmovenent, anong sone others, in-order to execute such precise

posi tioning exactly. These-requirenents result in making the apparatus
itself large and nore conplicated: 100~ On.the ot her hand, anong ink
j et recording heads, there are sone in mhicg1extrusions are formed in the

ink paths to provide resistance to the ink Low for the pur pose of

enhanci ng the discharging properties of ink by controlling the ink supply
force so that it stays L5 nore in the discharge port side, and that the
ink foam ng energy is not allowed to escape to the side opposite to the

di scharge ports. MOef-d PP R L BHsd T d" | h AP A 1 driertied
to process grooves each wth extrusion for the fornation of the ink paths

20 havi ng sucheextgersdi@ing e A UM icH tobn SeEXitEriaa gy ed for the
reasons descri bed above. SUMMARY OF THE | NVENTI ON The present invention is

desi gned in considiescharning ke EmbleBoaet arantastr admyeled Ito ithian obj ect
of | base board.

5 On this board member, there are formed a recess
which constitutes an ink chamber for provisionally
retaining the ink to be supplied to the discharge
ports, and groove each with an extrusion arranged in
the intermediate section of the bottom wall, which

10 forms each of the ink paths by conductively connecting
thé discharge ports and the ink liquid chamber through
each element for generating energy.

At the same time, there is provided a mask.having
the pattern whidh corresponds to the aforesaid groove,

15 and then, the groovés each with an extrusion is
processed'by the laser processing apparatus of the
present invention where a member is installed for
reflecting or absorbing at least a part of the laser
beam by the provision of such extfusion. Tﬂis

20 constitutes the characteristics of the present
invention.

Also, the aforesaid board member is made of
polymer resin, and then, it may be possible to adopt a
laser light source which generates ultraviolet pulse

25 iaser as the one for the laser processing apparatus.
Further, it may'be possible to use electrothermal

transducing elements for generating thermal energy to



25, the invention to provide an ink jet recording head having means for
reduci ng the influence of dust particles to be mxed at the tine of

manuf acture or - -8- flow ng ink, which becomes increasingly greater .along
with the provision of nmany nore nozzles and e reduction of the orifice
dianeter. In order to achieve this object, e present 5 I nvention is

provided in the followi ng manner with: (1) form ng on a base board one or
nore el ements for generating liquid discharging energy for discharging ink
-and making it a first base board; (2) form ng on another base board, 10

a) a conmmon recesge BiPFed®’ RS SHIMPENG AN UG Hd URSUSh 1P BRYY gy
recess to the end of said base board,
generating elements.

In this case, ink may be discharged from the

discharge porté by utilization of film boiling to be
5 created in ink by the thermal energy applied by the
aforesaid electrothermal transducing elements.

Then an ink jet recording;apparatus of the present
invention is provided withlthe aforesaid ink jet
recording head prepared in accordance with the present

10 invention, and records by discharging ink from the
discharge ports of the ink jet recording head in
response to recording signals.

In the laser processing apparatus structured as
desdribed above in accordance with present invention,

15 it is pbssible to install a member which reflects or
absorbs at least a part of the laser beam within the
luminous flux of laser beam and in a position apart
from the surface of the mask. Theréfore, when a groove

-brocessing is executed, for example, the power of the
20 laser beam irradiated becomes weaker on a work in the
| location corresponding to the installed position of the
aforesaid member than that of the laser beam irradiated
on the other locations, making it possible to process
the three-dimensional configuratioh by a single

25 processing. Then, since the three-dimensional

configuration can be process by the siﬁgle processing,

it is unnecessary to provide means for exactly



- haying aperture serving as ink discharge ports, and 15 . c) one
<or more colum nenbers in an arbitrary portion of a region formed by said
:-groove and conmon recess, and while maintaining conductivity fromsaid

- common recess to said aperture, naking saLg]Eﬁ§§ board as a 20 second
base board; (3) coupling said first base board and second base board in a
"node in which said element for generating liquid discharging ener gy and
sai d grooved recess correspond to each other; and 25 provi di ng one
or nore ink paths having a common |iquid chanber and el enents for

generating |iqui dpgk$€h8hehgItke el er OpLodcdk Qg SAighidtudaddy baidg open
- second processing and on, hence simplifying the
structure of the apparatus, accordingly.
Also, the aforesaid member can be installed in
5 such a maﬁner that its position is relatively
adjustable with respect to the mask, thus making it
possible to adjust the position and height of the
three-dimensional portion corresponding to the
processing part of the work with respect to the pattern
10 of the maék. As a result, when the aforesaid member is
fixedly installed with respect to the mask, the
processing configuration of a work is unigquely
determined. Further, with the t;ansmissivity of the
aforesaid member being made different for the laser
15 beam depending on the regions, it becomes possible to
process more complicated configurations. Then, with
- the laser light source being made capable of generating
ultraviolet pulse laser, the polymer resin can be
processed finely. - B
20 . In accordance with an ink jet recording head and
an ink jet recording apparatus of the present
invention, grooves formed on the board member are
pProcessed by use of the laser processing apparatus of
the present invention. Then the grooves each with an
25 extrusion can be proceéséd just by a single processing.
Each extrusion thus processed provides resistance

against ink flow in the ink path and enhances the



"to,said common |iquid chanber, and the end thereof becom ng ink discharge
3ports and fornming a head in mhich the portion where said colum nenbers
:are arranged is made to be a filter unit 5 for ink. Now, in accordance
with the present invention, it is also an ob ‘ﬁgt to provide a |aser

. processi ng appar at us capabl e of processing Tk efficiently by processing
~a three-di nensional configuration by a 10 single processing in the
“direction of |laser beamirradiation. Al so, with processing by use of such

| aser processing apparatus, it is ainmed at providing an ink jet recording

~head having its ea@@éh&%ﬂg%@éﬁ&&fé@%ﬁi&é Nl éé&a%ﬁfﬁ &' e 21 HR0d

productivity. 15 In"order to achieve the | ects descri bed above,
the | aser processstgpapPasdteStOfstdf RELS o tHW et it de BOVE defdy th a

| aser |ight source, given patterns corresponding to the processing
configuration of andoaksoantha imiskfoaningreaveryy 6 tot hel Davedd o ch
escape to the side opposite to discharge ports. As a
5 result, compared to the case where no extrusion is
provided, the discharging properties of ink becomes
superior while there is no possibility that the

productivity is unfavorably affected.

BRIEF DESCRIPTION OF THE DRAWINGS

10 Fig. 1A is a perspective view which schematically
shows an ink jet recording head in accordance with a
first embodiment.éf the present invention.

Fig. 1B is a schematic view of the first
embodiment of the invention showing a mold for common

15 liquid chamber. .

Fig. 2 is an exploded perspective view which shows
a method for manufacturing the head represented in Fig.
1A.

Fig. 3 is a perspective view which schematically

20 shows an ink jet recording head in accordance with a
second embodiment of the present invention.

Fig. 4 is a view which schematically shows a mask
configuration used for the second eﬁbodiment.
Fig. 5 is a perspective viéw which schematically

25 shows an ink jet recording head in accordance with a
third embodiment of the present invention.

Fig. 6 is a perspective view which schematically



20 transmts |laser beamfromthe |aser |light source to the work side

t htough such patterns.. This | aser processing apparatus is characterized in
that the mask unit is positioned in the l'um nous flux of the |aser beam
apart fromthe surface of the 25 af oresai,d. mask by a certain distance,
and arranged to be capabl e of installing 6h]i a menber which reflects or
absorb at least a part of the aforesaid | aser beam - 10 - Also, it may
be possible to provide the | aser processing apparatus with at | east one
system ei ther of . a beam adjustnent optical systemfor reformng the |aser

e e g b sgiekEslh SOK 785, 2cORALAndRa (IRARIALI el 10
pattern of the nmagkufbht &Ab6dihase 6f the pPédedy Ihvlin/ibn.

Fig. 7 is a view which schématically shows the
structure of an ink jet recording head in accordance

5 with a fifth embodiment of the present invention, which
is manufactured by a laser processing apparatus.

Fig. 8 is a perspective view which shows a part of .
an ink_jet recording head finely processed by a laser
processing apparatus of the present invention.

10 Fig. 9 is a partially cross-sectional view which
shows the ink jet recording head represented in Fig. 8.

Fig. 10 is a partially cross-sectional view which
shows a work which serves as the ceiling represented in
Fig. 8 and Fig. 9.

15 Fig. 11 is a ﬁerspective view which shows a mask
unit of the laser processing apparatus represented in
Fig. 7. -

Fig. 12 is a perspecfive.view which shows a mask

unit in accordance with a sixth embodiment of the
20 present invéntion, which is processed by a laser
processing apparatus.

Fig. 13 is a perspective view which shows a mask
unit in accordance with a seventh embodiment of the
present invention, which is processed by a.laser

25 processing apparatus.
Fig. 14 is a perspective view which shows a mask

unit in accordance with an eighth embodiment of the



magni fication.  The aforesaid mask may be arranged in close 10 cont act
with the aforesaid work. Further, the menber which reflects or absorbs at.

| east a part of the laser beam may be either the one which is able to
adjust its position of installation relatively with -respect to the nmask or
t he one which is 15 fixedly installed Vi 49 respect to the mask. Then the
menber which reflects or absorbs at |east a part of the | aser beam may be

t he one whose transmissivity of the | aser beamdiffers depending on its

regions. 20 Al so, the laser light source may be the one which can
generate ul travi obgbeilt Seat@selon] AdLS £25foddindd Wit Ayl se | aser
may use either one of Xe-O excl nmer | aser, -F exclmer 1 aser, Ar-F excimer

| aser, fourth harppetésing sppastus M xed waves of basic wave 25 and
secondary harnonic of YAG laser, and nitrogen gas | aser.

Fig. 15 is a partially cross-sectional view which

shows a work whose grooves are processed by a laser
5 processing apparatus using the mask unit represented in
Fig. 14.

Fig. 16 is a perspective view which schematically
shows one embodiment of an ink jet recording apparatus
in accordance with the present invention. |

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Hereinafter, in conjunctiqn with the accompanying
drawings, the present invention will be described in
detail.

Fig. 1A is a view which schematically shows one

15 embodiment of an iﬂk jet recording head in accordance
with the present invention. In Fig. 1A, a reference
numeral 1 designates an element for generating liquid
discharging energy; 2, a first 5ase board having the
elements for generating liquid discharging energy

20 formed on it; 3, a recess for forming an ink path
corresponding to the portion where the element 1 for
generating liquid discharging energy is arranged; 4, a
common liquid chamber; 5, a second base board having
the recess 3 for forming the ink path and the common

25 liquid chamber 4; 6, discharge ports for discharging
.ink by being conductively connected té the recess 3 for

forming the ink path; 7, column members; and 8, a



An ink jet recording head of the present invention Is provided wi.th a

~ base board having on it the elements for generating energy which can be
utilized for discharging ink, and a board menber coupled to this base

. board. 5 _ On this board nmenber, there_are formed a recess which
constitutes an ink chanber_fok'provisionaFI§7rétaining the ink to be
supplied to the discharge ports, and groove each with an extrusion arranged
in the internedi ate section of the bottomwall, which 10 forns each of
the ink paths by conductively connecting the discharge ports and the ink

liquid chanmber thfolgdr eaeht of SR KO HEE R 14 SheiBRr@Y 7.At the sane
time, there is provided a nask having the pattern which corresponds to the
aforesai d groove, 15 HerédtHdetorn MPasRRes i@AtRed forateptiesenting S
both ink path (flowing path) and common liquid chamber.
In this case, the filter unit is arranged in the
5 ink path, but if only the filter can produce an effect
to prevent any defective discharge from being caused by
dust particles, it may be possible to provide the
filter in any mode in any 1oca£ion in the region formed
by the common liquid chamber énd the ink path. For

10 example, as shown in Fig. 3, it may be arranged in the
mode where the column members are arranged in parallel
with the surface to which the ink path in the common
liquid chamber is open or as shown in Fig. 5, it can be
arranged just in front of the discharge ports.

15 Further, as shown in.Fig. 6, it may be in the mode
where one end of a column member is in contact with the
wall face of the ink path, and then, the column member
adjacent to this one is in contact with the wall face
of %he ink path opposite thereto. Also, the location

20 where the filter unit is arranged is not necessarily
limited to one place, but it may be arranged in plural
locations in one ink path or in both the ipk path and
the common liquid chamber.

In conjunction with the schematic view in Fig. 2,

25 the descripfion will be made of a method for
manufacturing an ink jet recording head having a filter

unit of the kind described above as one embodiment of a



processed by the | aser processing apparatus of the present invention where
a nmenber is installed for reflecting or absorbing at |east a part of the

| aser beam by the provision of such extrusion.  This 20 constitutes the
characteristics of the present invention. A .so, the aforesaid board nenber
is made of polymer resin, and then, it may ﬁg possi bl e to adopt a | aser

| i ght source which generates ultraviolet pulse 25 | aser as the one for

the | aser processing apparatus. Further; it may be possible to use

el ectrot hermal transduci ng el enents for generating thermal energy to -

clements. In thi S EmSICERY B%ed oY 138eT Proverh i eRpaates T4
: , y be discharged fromthe .
Fig. 2, a reference numeral 9 designates the laser beam
for processing a resin base board 5a which will become
a second base board 5; 10, a mask for forming the
5 groove 3a which should serve as the recess 3 for
forming the ink path (or a part of the common liquid
chamber or including the common receéé which serve as
an entire body), and column mémbers 7:; 11, a coating
layer which does not allow the laser beam to be

10 transmitted by reflecting or absorbing the laser beam;
12, a mask holder to fix the mask 10; 13, a board
member A for supporting the mask holder 12; 14, a resin
holder to fix the resin base board 5a; and 15, a board
member B for supporting the resin holder 14.

15 As material fof'the second base board, resin is
used,'bﬁt preferably, polyether etherketone, polyether
sulfone, or the like are used. Further, from the
viewpoint of workability, it is preferable to use
polysulfone as a desirable resin.

20 As the laser beam 9, excimer laser beam of 248 nm
wavelength is used, for example. The mask 10 is formed
by a material whiéh transmits the laser beam such as
the one having quartz or glass as its base material.

In an arbitrary position of the pattern of the ink

25 path and the common liquid chamber formed on the mask

- 10, the pattern serving to produce the column members

is formed by a material which does not allow the laser



- discharge ports by utilization of filmboiling to be 5 created in ink by
“ the thermal energy applied by thée aforesaid el ectrothernmal transducing

el enents. Then-an ink jet recording apparatus of the present invention is
provided with the aforesaid ink jet recor@igg head prepared in accordance

- wWth the present 10 I nvention, and recor by di scharging ink fromthe
di scharge ports of the ink jet recording head in response to recording
signals. In the | aser processing apparatus structured as described above in
accordance with present invention, 15 it is possible to install a nmenber

which refl ects orpbedis OfdDbelcd i ted@(lirPiFile 4 A HeMPId til BHIW
| um nous flux of |aser beamand in a position apart fromthe surface of the

mask. Therefore, erhiclreoe iy EReRddn TMXguEbwstn fof theanpke, the
power of the 20 | aser beamirradi ated beconmes weaker on a work in the
| ocation correspqraklng. to the installed position of the aforesaid nenber
than that of the | aser beamirradi ated
It is possible to form the second base board used
5 for a recording head of the present invention whether a
part or the entire body of the common liquid chamber,
the grooves each serving as the ink path, and the
column members can be formed individually or entirely
at a time. However, as described above, it is more
10 advantageous if these are formed together at a time in
consideration of coast aspect, and also, the aspect of
avoiding the complicated operation.
The ink jet recording head, which can be obtained
by coupling the second base board thus prepared, and
15 the first base boara, is provided with the filter unit,
contributing to reducing the frequency of disabled
discharge due to the dust particles in ink, and
providing a good printing quality.
Further, in accordaﬁce with the method of fhe
20 present invention, it is possible to position the
filter unit arbitrarily, and set the filter interval
freely. Therefore, not only an appropriate measure can
be taken against the dust particles, but also, an
effect is obtainable to suppress the extent of backward
25 meniscus in the high frequency printing. As a result,
the stability of discharges is enhanced to make a high-

speed printing possible.



on the other |ocations, making it possible to process-the three- dlnen5|onal

configuration by a S|ngle 25 processing. Then, since the
t hr ee- di mensi-onal - configuration can be process by the single processing, it
~i's unnecessary to provide nmeans for exactly,5 _- 13 - positioning the |aser

processi ng apparatus for the second proce55|ng “and on, hence sinmplifying
the structure of the apparatus, accordingly. Al so, the af oresai d nenber can
be installed in 5 such a manner that its position is relatively ,
adjustable with respect to the mask, thus making it possible to adjust the
posi tion and hei glempdaisent hrge- di mensional portion corresponding to the

processing part of the work with respect to the pattern 10 of the mask.
As a result, when the méxsisaftbrenias present invention will be
described in accordance with the embodiments.
Fig. 1A is a view which schematically shows an ink
5 Jjet recording head in accordance with the present
invéntion. In Fig. 1A, a reference numeral 1
designates an element for generating liquid discharging
energy; 2, a first base board having the element for
generating liquid discharging energy formed on it; 3, a
10 recess for forming an ink path corresponding to the
portion where the element 1 for generating liquid
discharging energy is arranged; 4, a common liquid
chamber; 5, a second base board having the recess 3 for
forming the ink path and the commén liquid chamber 4;
15 6, discharge ports-for discharging ink by being
conductivély connected to the recess 3 for forming the
ink path; 7, column members; and 8; a filter unit
formed by thé column members 7.
As the element 1 for generating liquid discharging
20 energy, an element for generating thermal energy is
used. For the first base board 2, a thin board cut
from a five-inch silicon wafer is used. For the second
base board 5, polysulfone or some other resin, which is
provided with a dent portion for common liquid chambe:
25 formed by mold 4a shown in Fig. 1B, is used because
this type of material is easy to be formed or processed

by laser beam.



fixedly installed wth respect to the mask, the processing configuration of

a work 'is uniquely determined. Further, with the transmissivity of the

af oresai d nember being made different for the |aser 15

the regions, it becones possible to process jjore conpl i cat ed
configurations. Then, with the laser |ight source being nmade capabl e of
generating ultraviolet pulse |aser, the polyner resin can be processed

~finely. 20

In accordance with an ink jet recording head and an ink

jet recording apparatus of the present invention, grooves formed on the

board nenber are proceseg¢ by

present invention. Then the grooves each with an 25 extrusi on can be

processed just byFigsiBgl therassssipieioraeileXde usade dfhus nertthoes stedr
provi des resi stance against ink flowin the ink path and enhances the

10 -

15

20

25

manufacturing an ink jet recording head having a filter
unit 8 described above. 1In Fig. 2, a reference numeral
9 designates the laser beam used for processing the
second base board 5; 10, the mask for forming the
recess 3 to provide the ink path and column members 7;
11, the coating layer which reflects or absorbs the
laser beam; 12, the mask holder which holds the mask:;
13, a board member A fbr supporting the mask holder 12;
14, a resin holder for fixing the second base board 5:;
15, a board member B for supporting the resin holder
14. As the laser beam 9, excimer laser beam having
wavelength of 248 nm is used. The mask 10 is formed by
the quartz or glasé as its base material which -
transmits the laser beam. The coating layer 11 is
formed by deposited nickel and others. The structure

of mask for forming the recess 3 and the column members

7 for the formation of the ink path is arranged in such

a manner that the coating layer is provided for the
mask 10 which is laminated in its configuration in
advance, and after that, the laminated layer which is
not exposed is removed. It is ease to change the size
of the gaps in the filter unit 8 by designing'the mask
10 accordingly.

In the present embodiment, the resin base méterial

S5a is irradiated by laser for 200 pulses with the laser

&S Rictith sl PraafeEiic B ahswofid he

beam dependi ng on -



.- 14 - discharging properties of ink by controlling the ink supply force to

. stay nore on the discharge port side, and also, the ink foaming energy is
- not allowed to escape to the side opposite to discharge ports. As a 5
result, conpared to the case where no extrusion is provided, the

di schargi ng properties: of ink becones superior while there is no

possi bility that the productivity is unfavorably affected. BRI EF
DESCRI PTI ON OF THE DRAW NGS 10 Fig. 1A is a perspective view which
schematically shows an ink.jet recording head in accordance with a first

enbodi ment of t hearpsspe ndondted tiion Hry .thiB prodesiigfahirfadevaol the
first enbodi ment of the invention showng a nold for common 15 liquid

chanber. Fig. 2 ikJAmm*ppllededandr shenti ve vi ew which shows a nethod for
manuf acturing the head represented in Fig.
a) it is possible to process a filter unit 8
having gaps of 13 uym at a time with the following
5 arrangement:
256 pieces of ink path groove 6 each configured in
50 pm x 50 pm x 500 ﬁm (representing (dimension in the
direction A) x (dimension in the direction B) x
(dimension in the direction C) in Fig. 1A) are formed
10 at pitches of 70 pm. .In one ink path groove 6, there
are formed in two rows, two column members 7 each
configured in 5 ym x 50 pm x 10 pm in the direction A
in Fig. 1A, and two in the direction C, respectively.
b) also, it is possible to process a filter unit 8
15 having gaps of 10 ﬁm under the same condition of the
laser irradiation with the formation of two column
members 7 each configured in 10 pm x 50 pm x 10 pm in
the direction A in Fig. 7.
.c) likewise, it is possible to process the filter
20 unit at a time in case of a structure where the column
members are ar;anged in two rows in the direction C in
Fig. 1A.
In the present embodiment, relative;y large common
liquid chamber which communicates with plural liquid
25 paths is previously formed by resin molding and
relatively fine liquid path is formed by laser

projection as well as a filter. The embodiment is



“1A. Fig. 3 is a perspective view which schematically 20 =~ shows an ink jet
recordi'ng head in accordance with a second enbodi nent of the present

i nvention. Fig. 4 is a view which schematically shows a mask configuration
used for the second enbodinment. Fig. 5 is a_perspective view which

schematically 25 shows an ink jet recordi4g "head in accordance with a
third enbodi nent of the present invention. Fig. 6 is a perspective view
whi ch schematically shows an ink jet recording head in accordance with a

fourth enbodi nent of the present invention. Fig. 7 is a view which

rccordance 5 o TTIOLTTH o erha A Rk SR Rt e
manuf act ured by acd as&Eh PLOGESS igdAppar at us.

With the proviéion of the filter unit 8 described
above,'the rate of disabled discharge due to dust

.5 particles at thé time of printing is reduced by
approximately 5% in either one of a) to c¢) in the
preceding paragraphs as compared with the head which is
not provided with the filter unit 8.

Also, in printing by use of the ink jet redording

10 head having the filter unit 8, it is possible to obtain
a good printing quality even at the high driving
frequency where the printing quality is usually lowered
when using the head which is not provided with the
filter unit 8.

15 (Embodiment 2)

Now, another embodiment of the present invention
will be described. A schematic view of an ink jet
recording head is shown in Fig. 3 in which the filter
unit described in the embodiment 1 is provided for the

20 common liquid chamber. Also, Fig. 4 shows the
configuration of the mask 10 used for this head when it
is manufactured.

As shown in Fig. 3, two rows of the column members
7 each configured in 10 pym x 50 pm x 10 pym (direction A

25 x direction B x direction C) are arranged in the common
liquid chamber 4 so that the gaps thereof becomes 10

pm. The column members can be processed at a time by



- Fig. 8 is a perspective view which shows a part of an ink jet recording

. head finely processed-by a | aser processing apparatus of the present
“invention.. 10 Fig. 9 is a partially cross-sectional view which
shows the ink jet recording head represented,n Fig. 8. Fig. 10is a
partially cross-sectional view which shows a work which serves as the
ceiling represented in Fig. 8 and Fig. 9. 15 Fig. 11 is a
perspective view which shows a nask unit of the |aser processing apparatus
represented in Fig. 7. Fig. 12 is a perspective view which shows a mask

unit in accordancendi iBsarsSh&hh SREOMIBY & idemD) embddi@RY 1, N\eid | on,
which is processed by a | aser processing apparatus. Fig. 13 is a

perspective vi ew théeCProBe¥sing 'PE&ldinnt the angor i akorriding dady fand
enbodi nent of the present invention, which is processed by a | aser 25
processi ng appar atbe. printing quality thereof are improved.
(Embodiment 3)
5 Now, the description will be made of another
embodiment in accordance with the present invention.
Fig. 5 is a view which schematically shows an ink jet
recording head for which the filter unit is provided
between the elements for generating liquid discharging
10 energy and the orifices. In the ink path groove 6, a
filter unit having a gap of 13 uym can be manufactured .
by the laser beam processing under the same condition
as the embodiment 1 by arranging two column members 7
each configured in 5 pym x 50 pm x 5 pym (direction A x
15 direction B x direétion C) in one row in the direction
A. Also, both the manufacturing yield and printing
quality of the ink jet recording heads thus processed
are improved.
(Embodiment 4)
20 The description will be made of another embodiment
in accordance with the present invention. As shown in
Fig. 6, the columh members 7 each in contact with one
side face of the ink path 6 and configured in 30 pm x
50 ym x 10 pm (direction A x direction B x direction C)
25 are arranged in two rows alternately in the ink path

groove 6, and then, an ink jet recording head is

manufactured with its filter unit 8 having the gap of



Fig. 14is a perspectlve V|em1mh|ch shows a nask unit in accordance with an

ei‘ght h "embodi nent of the - 16. - present .invention, which is processed by
a | aser processing apparatus. Fig. 15 is a partially cross-sectional view
whi ch shows a work whose grooves are processgd by a laser 5 processi ng

apparatus using the mask unit represented in Fig. 14. Fig. 16 is a
perspective view which schematically shows one enbodi nent of an ink jet
recordi ng apparatus in accordance with the present invention. 10

DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Herei nafter, in
conjunctlon\Mtr12mqnmcconpany|ng drawi ngs, the present invention will be
described in detai

The laser beam processing is conducted under the
same condition as the embodiment 2. The manufacturing
yield and printing quality of the ink jet heads thus

5 processed are improved. Also, in this case, the mask
. 10 for forming the filter unit 8 can be prepared by
depositing the coating layer 11 in order to provide the
same structure as the one used for the embodiment 2, .
but the mask may be prepared by etching Ni or some
10 other metals.
( Embodiment 5)

Fig. 7 is a view which schematically shows the
structure of a laser processing apparatus in accordance
with a first embodiment of the present invention. As

15 shown in Fig. 7, thé laser proceésing apparatus of the
present embodiment comprises a 1aser oscillator 1
serving as the laser light source for generating the
laser beam 2; an apparatus frame 6 having in it
prééessing system for processing a work W by

20 application . of thellaser beam 2 from the laser light
source; information processing and controlling system 7
for processing information and performing control with
respect to the processing of the work W.

The laser beam 2 génerated from the laser

25 oscillator 1 is partially reflected by a beam splitter
3. The reflected beam is monitored by a power detector

4. On the other hand, the laser beam 2, which is



~Fig. 1A is a view which schematically shows one 15 enbodi ment ef an ink
jet recording head in accordance with.the present invention. In Fig. 1A a

- reference nuneral 1. designates an elenent for generating |liquid discharging
“energy; 2, a first base board having the el nts for generating |iquid

di schargi ng energy 20 formed on it; 3, arecess for formng an ink path

corresponding to the portion where the elenent 1 for generating liquid

di scharging energy is arranged; 4, a common |liquid chanber; 5, a second

base board having the recess 3 for formng the ink path and the commobn 25

liquid chanber 4;tfandhstted gehimudis s whas ey tged 1K, hys bedfligected
conductively connected to the recess 3 for formng the ink path; 7, colum
menbers; and 8, aby a-tdfal feflection tmfmrards byo the ioatidentnergmer sthe
apparatus frame 6. As the beam splitter 3, a plane-
parallel board made of synthetic quartz is used for
5 separating a part of the laser beam 2 only by the
surface reflection. |
The apparatus frame 6 comprises an optical system
8, an observation and measurement system 9 for
observing and measuring the position of a work W; a
10 mask unit 10; and a work station 11 for operating the
work W to move. The optical system 8 comprises a beam
reformation optical system and Kéhler illumination
optical system 8a arranged on the optical axis a of the
laser beam 2 incident ﬁpon the apparatus frame 6, and a
15 projection optical.system 8a for focusing the image of
the mask unit 10 on the processing surface of the work
W. The mask unit 10 is arranged between the beam
reformation optical system and Kbhler illumination
optical system 8a, and the projection optical system
20 8b. Here, in consideration of the durability of the
mask unit 10, it is preferable to use a contraction
optical system for the projection optical system 8b.
- In the present embodiment, a projection optical system
8b of 1/4 contraction power is adopted.
25 In order to adjust the inclination of the work W
with respect to the optical axis a described above, it

is preferable to proved the work station 11 with an



Here the term "passage"” is used for representing both ink path (flow ng
path) and conmmon |iquid chanber. In this case, the filter unit is arranged
inthe 5 . ink path, but if only the filter can produce an effect. to
prevent any defective discharge fronlbeing_g%ysed by dust particles, it may
be possible to provide the filter in any nod®’in any location in the region
formed by the common |iquid chanber and the ink path. For 10 exanpl e, as
shown in Fig. 3, it may be arranged in the node where the col um nenbers
are arranged in parallel with the surface to which the ink path in the

common |iquid chaabetopziagenadfussififonBahs. Fi Bor Sexahpta be ﬁ&gaﬁged _
just in front of the discharge ports. 15 Further, as shown in Fig. 6, it
may be in the nodpossébdeote struofuzecthamnorEn¥eationi D1 Copt 86hbihihgt he
wal | face of the ink path, and then, the columm nenber adjacent to this one
is in contact wt&hrae axes batbogbnahetonkaght dthgppsand & hetage. hdving
the location 20 where the filter unit is arranged is not necessarily
a freedom with respect to the five axes which can
5 rotate around two axes. It is possible to simplify the
control of the adjusting means by arranging the
structure -so that the center of rotational adjustment
is brought to agree with the processing center of the
work W.
10 To position the work W on the work station 11, it
is preferable to provide a jig 1la for installing'the
work W on the work station 11 with a plurality of
standard pins which abut upon the work W mounted on the
work station 11. Also, on the jig lla, a clamp
15 ﬁechanism using air'suction may be arranged in addition
to the abutting mechanism described above, and this
clamp mechanism is integrated with én auto-hand so that
the work W can be supplied to the work.station 11
automatically. Also, it may be possible to shorten the
20 time dccasionally by setting a plurality of works W on
the work station 11 at a time. In this case, however;
it is necessary to change the standard values at the
time of measuring and moving the work W becauée one
axis in the rotational direction of the adjusting means
25 cannot be positioned in the center of the work W.

The observation and measurement system 9 comprises

a lens barrel 9a having an object lens; a light source



linited to .one pl ace, but it may be arranged in plural |ocations in one ink
path or"in both the ink path and the common |iquid chanber. In conjunction

“with the schematic viewin Fig. 2, 25 - the description will be nade of a
met hod for manufacturing an ink jet recordi head having a filter unit of
t he ki nd descri bed above as one enbodi nent ofa - 18 - manufacture by

-use of a |laser processing apparatus. In Fig. 2, a reference nuneral 9
~designates the | aser beam for processing a resin base board 5a which wll
beconme a second base board 5; 10, a nmask for formng the 5 groove 3a

whi ch shoul d servergdrhachawgsa 21ianihatibAdihBErb8KabalNihothd Dahs oOf

the comon |iquid chanmber or including the comobn recess which serve as an

entire body), andbegireinoagnBepsi?; oflmedsafdhfNfnstruments having a CCD
camera sensor 9c connected to the lens barrel %a; and a
two-faced mirror 94 arranged on the optical axis a.

5 Each of the measuring instruments and mirror 94 is
arranged between the projection optical system 8b and
the work station 11, and then, when the laser beam is
irradiated, the mirror 94 is removed from the optical
axis a. It is shifted onto the optical axis a only

10 when.the ﬁeasurement is conducted. 1In the present
embodiment, the movement of the mirror 94 is controlled
by an air cylinder mechanisﬁ.

To the information processing and controlling
system 7, the positional data on the work W provided by

15 the observation and measurement system 9, and data on
the beam power provided by the power detector 4 are
obtained as feedback information. At first, the result
of measurement by the observation and measurement
system 9 is brought to the.image proéessing siétem 7a

20 per measuring instrument, while the result of the
signal processing'is supplied to the controlling system
7b. In aécordance'with the result of the measurement
described above, the controlling system 7b calculates
the moving distahce of the work W, thus enabling the

25 moving means 7c to effectuate the stepping movement in -
the work station 11. Then, when the value of the

observation and controlling system 9 arrive at a



; layer which does not allow the |aser beamto be 10 = transmtted by .~

- reflecting or absorbing the | aser beam 12, a nmask holder to fix the mask
10; 13, a board menber A for supporting the mask hol der. 12; 14, a resin
“holder to fix the resin base board 5a; and 1% a board nmenber B for
supporting the resin holder 14. 15 material for the second base
board, resin is used, but preferably, polyether etherketone, polyether

sul fone, or the Iike are used. Further, fromthe viewpoint of workability,
it is preferable to use polysulfone as a desirable resin. 20 As the

| aser beam 9, excg iffsey§ g@,ma{e 3%&1%%@|ﬁ}ﬂ{&n{e§1ﬁj ,tr{é)rmchﬁ{@- | e.
The mask 10 is for%ﬁ% by a.%aterial ich transmts the |a§§€ beam such as

the one having quasdgs 07c H&SCeBindtedaseri@imidir Ia i Edvddrfrom
position of the pattern of the ink 25 path and the common |iquid chanber
formed on t he nmasthd Opptima)adztis mserthary the pEighades tfor adtvatimgritehes i s
formed by a material which does not allow the | aser

laser oscillator 1 are given to generate the laser beam

5 2 for a given period or given pulse numbers. Also, thé

information of the beam power from the power detector 4

is supplied to the controlling system 7b as feedback

information so as to adjust the output given to the

laser oscillator 1 through an interface 74.

10 As the laser oscillator 1 used for the laser
processing apparatus of the present invention, a YAG
laser oscillator, CO, laser oscillator, excimer layer
oscillator, N, laser oscillator, or other oscillators
having a high output can be suitably used, but in the

15 present embodiment,.a kind of polymer resin, poly-
sulfone resin, is used for the work W. For the reasons
given below, therefore, an excimer laser oscillator,
particularly, a Kr-F excimer laser oscillator, is used.

The excimer laser is the one capable of

20 oscillating ultraviolet beams, thus outputting a highly
intensified energy. This is superiof at
monochromatism, and is capable of providing a good
orientation, among other advantages such as making
short pulse oscillation possible, and providing a great

25 concentration of energy by use of a lens to converge.

In other words, the excimer laser oscillator is capable

of oscillating ultraviolet beam of short pulses (15 to



--19 - beamto be transmtted (in Fig. 2, an exanple is shown in which this
“is forned in the pattern of the ink path), It is possible to formthe

- second base board used 5  for a recording head of the present inventi.on

" whether a part or the entire body of the commn-liquid chanber, the grooves
each serving as the ink path, and the colum nenbers can be forned
individually or entirely at a tinme. However, as described above, it is nore
10 advant ageous if these are forned together at a tinme in consideration
of coast aspect, and al so, the aspect of avoiding the conplicated -
operation. The inR5jee)rbroddsahahgadpumping @ik beixed gaeerwy kedpl ¢fig

the second base board thus prepared, and 15 the first base board, is
. provided with theTRFPt @@SuApg, halogen, and Kr-F, Xe-Cl, Ar-F laser or

the like is often used. The number of these
oscillating energy is 100 mJ/pulse. The pulse

5 repeating frequency is 30 to 100 Hz. When such short
ultraviolet pulse beam having a high luminance is
irradiated on the surface of polymer resin, the
irradiated portion is instantaneously decomposed and
caused to spread with accompanying plasma luminescence

10 and impacting sound. The so-called ablative
photodecomposition (APD) process takes place, thus
making it possible to process polymer resin. This
gives a distinct difference from the other laser
processing such as a drilling by application of CO,

15 laser which is infrared. For example, if a laser beam
is irradiated onto a polyimide (PI) film by use of
excimer laser (Kr-F laser), it is possible to drill a
fine hole because the light absorption wavelength of
the PI film is in the UV domain. However, the use of

20 YAG laser which is not in the UV domaiﬁ results in a
hole having a rough edge. The use of CO, laser brings
about a crater on the circumference of the hole.

As described above, the laser ﬁhich can oscillate
ultraviolet beam is excellent in processing polymer

25 resin. As a iaser capable of oscillating ultraviolet
beam, there can be named the fourth harmonic wave of

YAG laser, a mixed beam of the base wave of the YAG



contributing to reducing the frequency of disabled discharge due to the
~dust particles in ink, and providing a good printing quality. Further, in
accordance with the nethod.of the 20 present invention, it is possible
to position the filter unit arbitrarily, qpq”§qj the filter interval

freely. Therefore, not only an appropriate nmeasure can be taken agai nst the
- dust particles, but also, an effect is obtainable to suppress the extent of

backward 25 meni scus in the high frequency printing. - As a result, the
stability of discharges is enhanced to make a high- speed printing _
possi bl e. - 201laseknbfdi 8BBbnd) nkBneh 1@ hdfe thErd¥£Seird iNlveakeen Wl

be descri bed in accordance with the enbodi nents.
besides excimer laser. These lasers are also usable

for the present invention.
Now, the description will be made of the work W.
5 The work W processed in the present embodiment is one
of the parts constituting an ink jet recording head
used for an ink jet recording apparatus. More
specifically, it is a ceiling board 19, a board member
of the ink jet recording head shown'in Fig. 8 and Fig. -
10 9. Here, in conjunction with Fig. 8 and Fig. 9, the
description will be made of an ink jet recording head.
The ink jet recording head comprises a silicon
substrate 20 on which the energy generating elements
are patterned for generating the energy which is
15 utilized for dischérging ink, and a ceiling board 19
which is coupled to the substrate 20. As the energy
generating elements, electrothermal transducing
elements 18 (heat generating resistive elements or the
like) are used, which generate thermal energy when'an-
20 applied voltage 1is supplied. A plurality of electro-
thermal transducing elements 18 are arranged in
parallel, and are formed integrally on the substrate 20
by application of film formation technique, togetﬁer
with the wiring made of aluminum or the like for
25 supplying power to the electrothermal transduciﬁg
elements 18. On the other hand, for the ceiling board

19, there are generally provided altogether the grooves



Fig. 1Ais a vi‘ew whi ch schematically shows an ink 5 jet recording head
i n accordance m&th the present invention. In Fig. 1A a reference nuneral 1
desi gnates an elenment for generating l'iquid discharging energy; 2, a first
base board having the el enent for generat[n% i_qui d di schargi ng energy
formed on it; 3, a 10 recess for formng an ink path corresponding to
the portion where the elenent 1 for generating |liquid discharging energy is
arranged; 4, a comon |liquid chanber; 5, a second base board having the
recess 3 for formng the ink path and the common | iquid chanber 4; 15 6,
di scharge ports foebdisehal gedgstituty {1t igatenduct ibesing gomeai ed to the
recess 3 for formng the ink path; 7, columm nenbers; and 8, a filter unit
formed by the col conrespieding. tdseddie eff cthentelledtorotenmnadt i trprisdpgichg
di schargi ng 20 energy, an elenent for. generating thernal energy is used.
For the first basel@¢mertis?, aare¢ess bfla diltigh foanatittutes jarcinit |Jiguidwaf er
I's used. For the second
chamber 13 for provisionally retaining ink to be
5 supplied to each of the ink paths 14; an ink supply
inlet 12 for supplying ink from an ink tank (not shown)
to the ink liguid chamber 13; and an orifice plate 17
having a plurality of discharge ports formed on it
corresponding to each of the ink paths 14. Also, on
10 the bottom wall in the intermediate section of each
groove 19b, an extrusion 15 is formed, respectively,
thus the cross-section of each ink path 14 is made
smaller in the intermediate section thereof.
This extrusion 15 functions to provide resistance
15  when ink flows in each of the ink paths 14 to enhance
the ink discharge properties by preventing the ink
foaming energy given by each of the electrothermal
transducing elements from escaping to the ink liquid
chamber side. On the basis of the structure described
20 above, when each of the.electrothermal transducing
elements 18 is supplied with power, the respective
electrothermal transducing element is caused to
generate thermal ehergy to create film boiling in ink
on the electrothermal element, thus foaming air bubble
25 in the ink path. Then by the development of this air
bubble, an ink droplet is discharged from each of the

discharge ports 16.



base board 5, polysul fone or some other resin,. mhlch Is provided with a

dent portion for common liquid chamber 25 forned by nmol'd 4a shown in
Fig. 1B, is used because this type of naterial is easy to be forned or
processed by | aser beam - 21 - n unction with a schematic
view 'shown in Fig. 2, the descrlptlon mnll nade of a method for

manuf acturing an ink jet recording head haV|ng a filter unit 8 described
above. In Fig. 2, a reference nuneral 5 9 designates the | aser beam used

f-or processing the second base board 5; 10, the mask for form ng the recess
3 to provide the ink patBhowel g8l #ig. "EOhesacK; cilthéhgre6vés ngob ayer which

reflects or absorbs the |aser beam 12, the mask hol der which holds the
mask; 10 13, &hkosedldmgbboafdf b8 ¢wppkr¥i)ngathewhtbkthel extrifion

15 described above is processed by the irradiation of
laser beam 2 from the sxde of the surface coupled with

5 " the substrate 20 (see Flg. 9) by use of the laser
processing apparatus of the present embodiment. Also,
each of the discharge ports 16 is processed by use of
'the iaser processing apparatus of the present
embodiment. In this respect, the discharge ports 16

10 may be processed either before the grooves 19b are
processed or after the grooves 19b are processed. In
the present embodiment, the discharge ports 16 are
processed by the irradiation of Kr-F excimer laser from
the groove 19b side after the grooves 19b are

15 processed. Also, if is preferable to form the work W
by an injection molding with its material being
polysulfone, polyether sulfone, polyphenylene oxide or
others having a good resistance to ink. In the present
embodiment, the work is formed by the injecfion moldiﬁg

20 of polysulfone. Also, when each of the grooves 19 is
processed, it is preferable to incline the work W
slightly to the optical axis a in order to prevent the
laser beam 2 from being blocked by the orifice plate
17. 1In the present embodiment, the grooves 19 are

25 processed while the work W is inclined at an angle of 5°
with respect to the optical axis a.

Now, with refe:énce to Fig. 11, the mask unit 10



AUt A i

14, a resin holder for fixing the second base board 5; 15, a board member B """
. for supporting the resin holder 14. As the |aser beam 9, exciner |aser beam
“havi ng wavel ength of 248 nmis used. The nmask 10 is forned by 15 the
quartz or glass as its base material which transnmts the l'aser beam The
coating layer 11 is forned by deposited nitkd =and others. The structure of
mask for formng the recess 3 and the colum nenbers 7 for the formation of
the ink path is arranged in such 20 a manner that the coating layer is
provided for the mask 10 which is lamnated in its configuration in

advance, and aft el thate BlELaglRat ofubaver b Ml sodalc el ive

removed. It is ease to change he ga ter unit 8 by
designi ng the maskngSnacilin26CoLOioobaced Mud NRLE! BENt AT TENL, d he
resin base material 5a 1s 1rradiated by ?aser for 200 pulses wth the | aser
board member 23 is fixed to a second movable mechanism
21 arranged for the'apparatus frame 6 (see Fig. 7)
5 which is finely movable in the direction X,'direction
Y, and direction Z. On the one end of the board member
23 on the laser light source side, there is arranged a
holder 24 for detachably holing a member 25 for forming
extrusions which serve as a member for reflecting or
10 absorbing at least a part of laser beam. The extruded
portions 15 (see Fig. 9) are thus formed through a
first movable mechanism 22 which is also finely movable
in the direction X, direction ¥, and direction Z.
Also, on the end of the board member 23 on the work W
15 (see Fig. 7) side,-a mask holder 26 is fixed for
detachably holding the mask 27 for forming the grooves
19b (see Fig. 9). The mask 27 and the member 25 for
forming extrusions are arranged in parallel within the
'luminoﬁs flux ofmfhe laser beam 2, parting each other
20 by a distance L in the optical axis of the laser beam
2. In this way, it is possible to adjust the position
of the member 15 for forming extrusions in the X, Y, |
and Z directions with respect to the mask, and also the
position of the mask 27 in the X, ¥, and Z directions
25 with respect to the direction of the optical axis of

the laser beam 2. It is preferable to make the first

movable mechanism 22 and second movable mechanism 21



- 22 - energy concentration on t he processi ng surface as [err] and t hen, a)
it is possible to process a filter unit 8 haV|ng gaps of 13 pmat a-time - °
- with the following 5 arrangenent: 256 pieces of ink path groove 6 each
configured in 50 pmx 50 pmx 500 [err] (rep gsentlng (dimension in the
direction A) x (dinension in the direction Eé x~(dinmension in the direction
C in Fig. 1A) are forned 10 at pitches of 70 pm In one ink path
groove 6, there are forned in two rows, two colum nenbers 7 each
configured in 5 pmx 50 pmx 10 pmin the direction Ain Fig. 1A and two

in the direction Gpef ﬁx%%%tlbvglt)égeg) wﬁkéﬂ %Evkﬁ PRRAFLA! rtRoPEOSRSS . @

filter unit 8 15 havi ng gaps of 10 pm under t e sane condition of the
laser irradiationawsbh &he EQEE%tmeﬂaBietH@cﬁﬁhﬂgﬁ PB"R8ySbd €ASRalled

configured in 10 pmx 50 pmx 10 pmin
on the mask holder 26.
The mask 27 is provided with the pattern of
5 grooves 19 formed in a size of as large as four times,
and the laser beam 2 which transmits the mask 27 is
contrécted to a size as small as 1/4 times by means of
the projection optical system 8b (see Fig. 7) as
described earlier. Therefore, the pattern of a
10 desirable size is focused on the work W. Also, as
material of the mask 27, stainless steel, Ni, phosphor
bronze, Al, opaque ceramics, quartz plate with a
reflective coating, Si, or the like should be used so
that the mask is not affected by the irradiation of the
15 laser beam 2 of exéimer laser in the atmosphere of the
air. In the present embodiment, the mask is prepared
for use by forming the pattern on phosphor bronze by
application of etching and others.
On the other hand, the member 25-for formiﬁg
20 extrusions is the one prepared by the material which
does not allow the laser beam 2 to transmit and
positioned to face the extrusion 15 (see Fig. 9). In
the present embodiment, this member is prepared for use
by adhesively bonding to the frame of phosphor bronze
25 an Al wire of ¢ 50 pym for wire bonding use as the
member which does not éllow the laser beam 2 to

transmit. In this respect, the projection optical



the direction Ain Fig. 7. c) likewise, it is possible to process the
filter 20 unit at a tinme in case of a structure where the colum nenbers
“are arranged in two rows in the direction Cin Fig. 1A 'In the present
enbodi nent, relatively large comon |iquid chanber which conmmunicates with
plural liquid 25 paths is previously fdrﬁéd‘by resin nol di ng and
relatively fine liquid path is formed by | aser projection as well as a
filter. The enbodi nent is - 23 - preferable because a proper working
process is applied to each liquid path. Wth the provision of the filter

unit 8 described ghovgs Gd&ara8L Qfe CBIZ%.%% eg,gﬁﬁﬁ(é}& PiS fetlliSthe

particles at the tine of printing is’r
mask image with its left, right, up and down sides

reversely. Therefore, the member 25 for forming
extrusions should be arranged in consideration of this
5 particular point.
With the structure described above, the grooves
19b of the ceiling board 19 shown in Fig. 9 are formed.
The height h of the extrusion 15 shown in Fig. 9 can be
adjusted by changing the distance L from the surface of
10 the mask 27 to the member 25 for forming extrusions
shown in Fig. 10. In the present embodiment, the
distance L is set at 20 mm. Also, the position of the
extrusion 15 with respect to each groove 1§b is
arbitrarily changeable by adjusting the holder 24 in
15 the direction Z by ﬁse of the first movable mechanism
" shown in %ig. 10. In the present embodiment, it is
possible to form by a single processing 64 grooves 19b
each having an extrusion 15 of 30 pm high in a
diﬁ;nsion of height, 50 ym x width, 50 ym x length, 500
20 pm at a pitch of 70 ym. In this way, an ink jet
recording head having an excellent discharge properties
can be obtained without reducing the productivity.
(Embodiment 6)
Fig. 12 is a perspective view which shows a sixth
25 embodiment of a mask unit for a laser processing
apparatus in accordance with the present invention.

What differs in the present embodiment from the



apprOX|nater 5% in either one’ of a) to c) in the preceding paragraphs as
conpared with the head which i's not provided with the filter unit 8. Al so,
in printing by use of the ink jet recording 10 head having the filter
unit 8, it is possible to obtain a good prlntlng quality even at the high
driving frequency where the printing qualrtﬁ I S usually | owered when using
the head which is not provided with the filter unit 8. 15 ( Enbodi nent -2)
Now, anot her enbodi ment of the present invention will be described. A
schematic view of an ink jet recording head is shomn in Fig. 3 in which the

filter unit descr%{flg%idirﬁbﬁ@es e_f%og‘;gr@rg “;Iaéli gura% G 5@%& R Qe 1d45¥EON

| i qui d chanber ows the con the mask 10 used

for this head whepd ﬁtléomfs?fdé"e&d%smﬂamm Hdd fornlidly rows of the
col um menbers 7 each configured in 10 pmx 50 pmx 10 pm (direction A

extrusions is arranged. In other words, the mask 47 is
fixed on the end portion of the board member 43 on the
5 laser light source side, and the member 45 for forming
extrusions is arranged on the end portion on the work
side through a first movable mechanism 42. The
structure of the entire body of the laser processing
apparatus including the other structural aspects of the
10 mask unit 40 are the same as that of the embodiment 5.
Therefore, the description thereof will be omitted.

Using such mask unit 40, fhe grooves are processed
on the same work as shown in the embodiment 5 under the
same processing conditions as those in the embodiment

15 5. With a single érocessing, it is possible to obtain
the grooves equal to those shown in Fig. 10. In the
present embodiment, too, the height of the extrusion 15
can be adjusted by changing a distance from the surface
of mask 47 to the member 45 for fof;ing extrusions

20 minus L.

(Embodiment 7)

In the two embodiments described above, examples
are shown, in which the mask and the member for forming
extrusions are arranged with its relative positional

25 relationship being adjustable. However, it is not
:equired for the work of the same specifications to

adjust any relative positions between the mask and the



- 25, x direction Bx direction C) are arranged in the comon |iquid

.chanber” 4 so that the gaps thereof becones 10 [err]. The col utm menbers can

- be processed at a-tine by - 24 - the |aser beam processing as in the
embodi ment 1, and the processing yield of t?é ink jet recording heads and

" the printing quality thereof are inproved.” nbodi rent 3) 5 Now,

. the description will be nmade of another enbodi nent in accordance with the

- present invention. Fig. 5 is a view which schematically shows an ink jet

recording head for which the filter unit is provided between the el enents

for generating ||kl £ fSinithgl Qurtr IS L e Positd®h ann the
I nk path groove 6, a filter unit having a gap of 13 pm Can be manufact ured
by the | aser beamdeidieesef ektififilond e R GAMYId WARth respect to each
groove to be processed by the laser processing
apparatus.
5 In the present embodiment, therefore, a mask 67 is
detachably held by a mask holder 66 fixed to the board
member 63 as shown in Fig. 13, and then, two spacers 68
are pfovided for this mask 67 integrally. To the
leading end of each spacer 68, Al wire 65 of ¢ 50 pum
10 for wire bonding use is fixed by use of UV hardening
adhesives as a member for reflecting or absorbing at
least a part of the laser beam. The fixing position of
each épacer 68 apd the distance L from the surface of
the mask 67 to the Al wire 65 are determined by the
15 position of extrusibn 15 and the height of the
extrusion 15 with respect to the groove 19 shown in
Fig. 10. The other étructures are the same those of
the embodiment 5. Therefore, the description thereof
will be omitted.
20 With the mask unit 60 described above, grooves are
processed on the same work as shown in the embodiment 5
under the same conditions as the embodiment 5. Then,
by a single processing it is possible to obtain the
grooves equal to fhose shown in Fig. 10. In this
25 respect, the Al wire 65 may be arranged either on the
laser light source side with respect to the mask 67 as

shown in Fig. 13 or on the work side which is opposite



as the embodi nent 1’ by arranging two col um nenbers 7 each configured in 5
[efr] X 50 [err] x 5 [err] (direction A x 15 direction B x direction Q)
i'n one row in the direction A. Also, both the manufacturing yield and
printing quality of the ink jet recording hg&ps t hus processed are

I mproved. (Enbodi ment 4) 20 ' The des ption will be nade of another
enbodi nent in accordance with the present invention. As shown in Fig. 6,
the col umm nmenbers 7 each in contact with one side face of the ink path 6
~and configured in 30 pmx 50 pn1x 10 pm (direction A x direction B X

glr(r)g\%l gn %dztShenhé’%ﬁt?:nr( | et recordl r#réz%@raﬁ Eﬁg;ﬁ% glcdtéuhr%aic}ﬁeve {Hr? P?Isé
filter unit 8 havidék tACLEAP 68 which @pports the mask 67.
As described above, by fixing the positional
relationship between the mask 67 and Al wire 65, the
5 processing configuration of a work can be determined
uniquely, thus avoiding any errors in setting the
position and height of each extrusion to be formed on
the work.
({ Embodiment 8)

10 Fig. 14 is a perspective view which shows an
eighth embodiment of a mask unit for a laser processing
apparatus in accordance with the present invention. 1In
the present embodiment, a member for forming extrusions
is different from that shown in the embodiment 5. The

15 other structures afe the same as those of the
embodiment 5. Therefore, the description thereof will
be omitted. Now, the description will be made of the
member 85 for forming extrusions as given below.

The member 85 for f;fmlng extrusions is prepared

20 bf a synthetic quartz base board. On the outer
circumferehce (portion indicated by slanted lines), a
totally reflective £film 85a for the beam of 248
wavelength is coated. Also, on the lower part of the
region surrounded by the totally reflective film 85a -

25 (portion indicated by horizontal lines), a transmitting
film 85b, which transmits a 30% of the beam of 248 nm,

is coated.



20 pm .The | aser beam processing i s conducted under the sane condition as

t he enbodi ment 2. The manufacturing yield and printing quality of the ink
‘jet -heads thus 5 . processed are inproved. Also, in this case, the nask
10 for formng the filter unit 8 can be prepgred by depositing the coating
“layer 11 in order to provide the sane structtUfe as the one used for the
enbodi nent 2, but the nmask may be prepared by etching NN or sone 10

ot her netals. (Enbodinent 5) Fig. 7 is a view which schematically shows the
structure of a |aser processing apparatus in accordance with a first

enbodi ment of the presgginy¥RA!h&8K ASit580 sEPQ¥Bur8aFhd ddsctiedaser
processi ng apparatus of the present enbodi nent conprises a |aser oscillator

1 serving as the hBeoe,! ebbye Opr&8e£Oing eS8 pbtPOrhE8 bASE wbBRW 2ind8r
apparatus frame 6 having in it processing systemfor processing a work W by
the same processing conditions as the embodiment 5.
Such work is represented in Fig. 15. As shown in Fig.
5 15, the extrusion 95 is formed in step on the end
portion of the groove 99b processed by the irradiation
of the laser beam on the recess 99a side. The depth of
the groove 99b becomes smaller in the portion where the
extrusion 95 is formed. An ink jet recording head is
10 manufactured by coupling the work W with such grooves
99b serving as the ceiling board to the base board
where the energy generating elements are arranged. In
this way, the ink paths are formed by the grooves 99b
and the base board, while an ink liguid chamber is
15 formed by a recess-gga and the base board. In the ink
liquid chamber, the extfusion 95 is formed which
functions as resistance to ink flow. Therefore, with
this extrusion 95, the supply force to the ink
discharge ports 96 side is controlled, and at the same
20 time, the escape of ink foaming energy to the ink
liquid chamber side is prevented.
In the present embodiment, it is possible to form
by a single processing the groove 99b of depth, 50 um x
width, 50 pm, and the height h of the extrusion being
25 35 um, with the tapering dimension 1 being 10 ym in the
stepped portion. The height h of the extrusioﬁ 95 cén

be adjusted by changing the transmissivity of the



- 20 application of the |aser beam2 fromthe |aser |ight source;
: jnfornd;ion processing and controlling system7 for processing information
. and performng control with respect to the processing of the work W The

| aser beam 2 generated fromthe |aser 25 _ ,oscillator 1 is partially
reflected by a beamsplitter 3. The reflected beamis nonitored by a power
detector 4. On the other hand, the | aser beam 2, which is - 26 -

transmtted through the beamsplitter 3, is reflected by a total reflection
mrror 5 to be incident upon the apparatus frane 6. As the beamsplitter 3,

~a plane- paral | eltdonrint 18Ry &Hiisy Biketdhowitam Fiigg Uked fPe Tapering

separating a part of the |aser beam 2 only by the surface reflection. The

apparatus franme @ieenwiced dmn abid cteppisiePortion can be adjusted by
changing the distance L from the surface of the mask 87
to the member 85 for forming extrusion shown in Fig.

5 14. Also, in the present embodiment, while the
description has beeﬁ made of the case where the
extrusion 95 has only one step,‘it is possible to
provide a plurality of steps in the extrusion just by
coating on the member 85 for forming extrusions the

10 plural kinds of transmitting films which provide
different transmissivities of laser beam accordingly.

In each of the embodiments described above, ‘the

examples are shown, in which tﬁe projection optical
system 8b is used (see Fig. 7). However, it may be

15 possible to use a pfocessing apparatus of a contact
type which processes by arranging a work and a mask to
be in contact with each other without adopting any
projection optical system 8b. Also, in.each of the
emﬁodiments.aescribed above, the examples are shown, in

20 which a ceiling board, one of the parts constituting ah
ink jet recording head, is being processed by use of
the laser processing apparatus of the present
invention, but this apparatus can be.used.not only for
laser processing, but also can be adopted as an

25 exposure equipment for the photo-sensitive resin which
is used when manufacturing a semiconductor or the like.

Now, the description will be made of one



8, an observation and measur ement system 9 f or observing and neasuring the

- poSition of a work W .a 10 mask unit- 10; .and a work station 11 for

. operating the work Wto nove. The optical system 8 conprises a beam

. reformation optical systemand Kohler illumpation optical system 8a
~arranged on the optical axis a of the | aser %edm 2 inci dent upon the
apparatus frane 6, and a 15 projection optical system 8a for focusing
the i mage of the mask unit 10 on the processing surface of the work W The
mask unit 10 is arranged between the beamreformation optical system and

Kohl er illum natigpne@im&at éfséﬁ@'ﬁﬁ;ia%?dféé@rﬂﬁ%ﬂ%% Gl system 20

8b. Here, in consideration of the 1ty o e mask unit 10, it is
preferabl e to usea8c6PBARAE W LEN OfHd Gite SSE BIRFSHtLdIE. Proj ection opti cal
system 8b. In the present enbodi nent, a projection optical system8b of 1/4
contraction power i's allnpFig. P an ink jdt afetdrdingidjesmi 101e whicdh nation
of the work Wwith respect to the optical axis a described above, it
records desired images by discharging ink in response

5 to given recording signals is of the same structure as
that of.the ink jet recording head described above.
A carriage 102 mounting the ink jet recording head
101 on it is fitted into two guide shafts 103 and 104
slidably in the directions indicated by arrows B, and
10 is coupled to one portion of a timing belt 108
tensioned around a pulley 107 fixed to the output shaft
of a carriage motor 105 and a pulley 106 rotatively
supported by a shaft. The ink jet recording head 101
is structured to reciprocate in the directions
15 indicated by the afrows B when the fiming belt 108
rotates regularly or inversely following the regular or
inverse rotation of the pulley 107 by application of
driving force of the carriage motor 105.
A recording sheet 109, a recording material, is
20 guided by a paper pan 110 and fed by a feed roller (not
shown) with ﬁhich a pinch roller is in contact under
pressure. This feeding is performed by a sheet feed
motor 116 as its driving source. The recording sheet
109 thus fed is tensioned_bg means of a sheet exhaust
25 roller 113 and a spur 114, a;d pressed to a heater 111
by means of a sheet pressure board 112 formed by én

elastic material. As a result, it is fed while being



is préferable to proved the work station 11 with an - 27 - appropriate L

“adj usti’ng neans. For exanple, it may be possible to structure the work
station 11 by conbining three axes orthogonal to-each other, and a stage
having a freedomw th respect to the five axes.which can 5 ‘rotate around
two axes. It is possible to sinplify the td# rol of the adj usting neans by
arranging the structure so that the center of rotational adjustnent is
brought to agree with the processing center of the work W 10 To
position the work Won the work station 11, it is preferable to provide a

bt “standard pins BErerednte "B AR oA it drtheshel e 304 B,
Al'so, on the jig JAfchadfs@@Wrged ink adheres by the ink jet recording
head 101 is warmed up by the heater 111. Thus the
moisture of the adhering ink is evaporated to allow the
5 ink to be fixed on the recording sheet 109.

A recovery unit 115 is to maintain the discharging
properties at a normal condition by removing foreign
particles and overly viscous ink adhering to the

.dischargé ports 16 of the ink jet recording hgad 101
10 (see Fig. 8).

The recovery unit 115 is provided with a cap 118a
to cap the discharge ports of the ink jet recording
head 111, thus preventing any clogging from taking
place. 1In the interior of the cap 118a, an ink

15 absorbent 118 is_arfanged.

Also, on the recording area side of the recovery
unit 115, a cleaning blade 117 is providéd for cleaning
foreign particles and ink droplets adher;ng to the

-éurface where the discharge ports 16 are formed.

20 The ink jet recording head, the laser processing
apparatus, and ink jet recording apparatus in
accordance with the present invention are to bring
about excellent effects on the recording head and
recording apparatus of ink jet method, particularly of

25 the method in which recording is performed by forming
flying droplets by utilization of thermal energy.

Regarding the typical structure and operational



15 mechani smusing air suction nmay be arranged in addition to the
~abltting nmechani sm descri-bed above, and this clanp nechanismis integrated
wi th an auto-hand so that the work Wcan be supplied to the work statlon 11
autonatlcally Also, it may be possible to shorten the 20 time
occasionally by setting a plurality of work$4\ron the work station 11 at a
time. In this case, however, it is necessary to change the standard val ues
at the time of measuring and novi ng the work W because one ‘axis in the
rotational direction of the adjusting neans 25 cannot be positioned in

the center of the%ar r&f% T{g Shseryvatd tq{lo leg;:‘iassg,ggﬁh%bﬁ_@tt% adopt

conprises a lens ving an o j ect’ sour 28 -

9b for downward 'éﬁéﬁngﬁiéH]éé§§§§x¥ﬁﬁfghéﬂ¥é&“ﬁéi%@?t%%r&%hd%ﬁen%aﬂa'r of

measuring instrunents having a
principle disclosed in the specifications of U.S.

Patent Nos. 4,723,129 and 4,740,796. This method is
5 applicable to the so-called on-demand type recording
| system and a continuous type recording system as well.
Particularly, however, the method is suitable for the
on-demand type because the princ;ple is such that at
least one driving signal, which provides a rapid
10 temperature rise beyond a departure from nucleation
boiling point in response to recording information, is
applicable to an electrothermal transducing element
disposed on a liquid (ink) retaining sheet or liquid
passage whereby to cause the electrothermal transducing
15 element to generate.thermal energy to produce film
boiling on the fhermoactive pbrtion of recording head,
thus effectively leading to the resultant formation of
a bubble in the recording 1iquid'(ink) one to one in
response to each of the driving sigﬁals. By the
20 development and contraction of the bubble, the liquid
(ink) is discharged thfough each discharging port to
produce at least one droplet. The driving signal is
more preferably in the form of pulses because the
development and contraction of the bubble can be
25 effectuated instantaneously, and, therefore, the liquid
(ink) is discha;ged with particularly quick response.

The driving signal in the form of pulses is



“

‘canera sensor 9c connected to the lens barrel 9a; and a two-faced mrror 9d:
arranged on the optical axis a. 5. Each of the nmeasuring instrunents and
mrror 9d is arranged between the projection optical system 8b and the .work
station 11, and then, when the |laser beamis irradiated, the mrror 9d is
renoved fromthe optical axis a. It is shi-f#8d~onto the optical axis a only
10 when the neasurenent is conducted. I'n the present enbodi nent, the
novenent of the mrror 9d is controlled by an air cylinder nmechanism To
the information processing and controlling system7, the positional data on
t he work W provi t he observati on and asur R m.2, and
data on the 'beam%grgevé%ra]pbi isd‘lé:gl W ?’ﬁ&‘%&%ﬁ d&t gg?oggﬁgzgi? égg,%ty"él;’%eg%as
f eedback i nfor maty 061 deddd Nog. ! I 4635 4o Ahd™ASUECTRAL DYl Bt

m ght to the

observati on and nmeasurenent syste I'S "Brou | mage processing

system 7a 20 Ul ' owhi . It 20 h . |
processing is Su%ﬁ%’o% > é%f%g 12@5&;%%&“3 rathl beOthkNRealtdng

surface is preferably such as disclosed in the

5 specification of U.S. Patent No. 4,313,124 for an
excellent recording in a better condition.

The structure of the recording head may be as
shown in each of the above-mentioned specifications
wherein the strﬁcture is arranged to combine the

10 discharging ports, liquid paths, and'the electrothermal
transducing elements (linear type liquid paths or
right-angled liquid paths). Besides, the structure
such as disclosed in the specifications of U.S. Patent
Nos. 4,558,333 and 4,459,600 wherein the thermal

15 activation portioné are arranged in a curved area is
also included in the present invention.

In addition, the present invention is effectively
applicable to the structure disciosed in Japanese
Patent Laid-Open Application No. 59-123670 wherein a

20 common slit is used as the discharge ports for plural
electrothermal transducing elements, and to the
structure disclosed in Japanese Patent Laid-Open Ap-
plication No. 59-138461 wherein an aperture for
absorbing pressure wave of the thermal energy is formed

25 corresponding to the discharge ports. |

Furthermore, as a full-line type recording head

where its length is provided for the width of a maximum



~7b. In accordance with the result of the measurenent described above, .t he
“-cohtrol’'ling system 7b cal cul ates the novi ng di stance of the work W thds

ilenabling the 25 ° nmoving neans 7c to effectuate the stepping novenment ‘in
the work station 11. Then, when the val ue_of,.the observation and
controlling system9 arrive at a - 29 - sgecific val ue, the positional

adj ust ment by the noving neans 7c is terninated. The nirror 9d is renoved
fromthe optical axis a. Then the signals for actuating the |aser
oscillator 1 are given to generate the | aser beam5 2 for a given period

or given pul se nyEirdablA dditutf whilchl Baid e Heddideay R fromthe
power detector 4 is supplied to the controlling system 7b as feedback

i nformation so asdaprmdiings tagdaratiisyuicthgl paredent ienasdiornds |l ator 1
t hrough an interface 7d.
applicable to either the structure which can satisfy
such length by combining a plurality of recording heads
5 disclosed in the specifications described above or the
structure in'which one recording head is integrally
formed for the purpose.

In addition, fhe present invention is effectively
adoptable irrespective of whether the recording head is

10 of an exchangeable chip type which can be electrically
connected with the apparatus main body or to which ink
can be supplied from the apparatus main body when the
head is installed in it, or the recording head of a
cartridge type in which an ink tank is formed together

15  with the recording head itself.

Also, for the present invention, it is preferable
to additionally provide a recording head with recovery
means and preliminarily auxiliary means as constituents
of the recording apparatus because these additional

20 means will contribute to making the effectiveness of
the present invention more stabilized. To name them
specifically, tﬁese are pressing or sucking means with
respect to a recording head, preheating means such as
electrothermal transducing elements or heating elements

25 other than such transducing elements or the combination
of those types of elements, and the adoption of a

predischarge mode, which performs discharge other than



10 ~ " As the laser oscillator 1 used for the |aser processing
apbarafus of the present invention, a YAG |aser oscillator, [err] |aser
oscillator, excimer |ayer oscillator, [err] laser oscillator, or other
oscil l.ators having a high output can be suigbly used, but in the 15
present enbodi nent, a kind of polynmer resin, poly- sulfone resin, is used
for the work W For the reasons given below, therefore, an exciner |aser
oscillator, particularly, a Kr-F excinmer laser oscillator, is used. The
excinmer |laser is the one capable of 20 oscillating ultraviol et beans,

t hus out putting athe gtegulian elsidhaggesnetpis Toide iis sauper effegitive in
nmonochromati sm and is capable of providing a good orientation, anong ot her
advant ages such #*eRHting shartediigedsgaarddinagn possi bl e, and providing a
great 25 concentration of energy by use of a.lens to conv

. erge. | n other
words, the excimer | adRTeRsn &%rthes regendiag,mogecof] %Pﬁnge%f:’ﬁi&\‘/‘gol et

beam of short pulses (15 to
P appaéatus, the present invention is extremely effective

5 when applied not only in the recording mode in which
‘only majof color such as black is used, but also, in
using an apparatus which is provided with at least
either one of complex colors having different colors
and full color arranged by mixing colors irrespective

10 of a recording head being integrally structured or it
is structured by combination of plural heads.

In the embodiments of the present invention
described above, while the ink has been described as
liquid, it may be an ink material which is solidified

15 below the room température but liquefied at the room
temperature or in the-form of liquid, or in the ink jet
method described above, it is generally practiced that
the temperature adjustment of ink itself is conducted
in a range of temperatures not lower than 30°C and not

20 higher than 70°C in order to stabilize its viscosity
for the provision of the stable discharge. Therefore,
it is good enough if ink can be ligquified when the
recording signals are pfovided for use.
| In addition, while positivély preventing the

25 temperature from rising due to the thermal energy by
coﬁsuming such energy as an energy to be utilized for

changing states of ink from solid to liquid, or by use



-30- 35 ns) by discharge punping of a m xed gaseous body.rof rare gas and
hal ogen, and Kr-F, Xe-Cl, Ar-F laser or the like is often used. The nunber
of .these oscillating energy is 100 mJ/ pul se. The pulse 5- repeati-ng
frequency is 30 to 100 Hz.- Wen such short ultraviol et pul se beam having a
high luninance is irradiated on the surfaee48f -pol ynmer resin, the

I rradi ated portion is instantaneously deconposed and caused to spread with
acconpanyi ng plasma | um nescence 10 and inpacting sound. The so-called
abl ati ve phot odeconposition (APD) process takes place, thus naking it
possible to process polynmer resin. This gives a distinct difference from
the other |aser PHCESiHE sthichywidldhe I9aiddifigspmhen: led toflntact] 15

| aser which is infrared. For exaqPIe, if a laser beamis irradiated onto a
pol yi mi de (PI) fifqﬁtﬁpqﬁquﬁose of preventing the ink from being

evaporated, it may be possible to adopt the present
invention for use of an ink having a nature of being
5 liquefied only by the application of thermal energy,

such as an ink capable of being discharged as ink
liquid by enabling itself to be liquefied anyway when
the thermal energy is given in accordance with
recording signals, and an ink which will have already

10 begun solidifying itself by the time it reaches a
recording medium. In such a case, it may be possible
to retain the ink in the form of liquid or solid in the
recesses or through holes of a porous sheet such as
disclosed in Japaneée Patent Laid-Open Application No.

15 54-56847 or 60-71260 in order to enable the ink to face
the electrothermal transducing elements. In the
present invention, the most effective method for the
variqus kinds of ink mentioned above is the one which
is capable of implementing the film boiling method as

20 described above.

Further, as the mode of the recording apparatus in
accordance with the present invention, it may be
possible to adopt a copying apparatus combined with a
reader in addition to the image output terminal which

25 is integrally or independently provided for a word
processor, a computer, or other information processing

apparatuses, and further, it may be possible to adopt

ESTORNE R )
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. excinmer laser (Kr-F laser), it is possible todrill a fine hole because the
| i ght absorption wavel ength of the PI filmis in the UV domain. However,
the use of 20 YAG | aser which is not in the UV domain results in a hole
havi ng- a rough edge. The use of [err] |aser i ngs about a crater on the
circunference of the hole. As described above, the |aser which can
oscillate ultraviolet beamis excellent in processing polyner 25 resin.
“As a |l aser capable of oscillating ultraviolet beam there can be naned the
~fourth harnonic wave of YAG | aser, a m xed beam of the base wave of the YAG

- 31 - laser and aaéomédéaéﬁvalfaa@yﬁlweéﬁpémam &7 125 S r e Oasi @x ci ner
| aser. These | asers are also usable for the present invention. Now, the

description w |l Badnedeeptibhernackioms.
As described above, in accordance with the present
invention, a filter unit can be arranged by a single
5 processing in the ink path and/or in the common ligquid
chamber. Also, with the provision of this filter unit,
it becomes possible to take a required measure against
dust particles. As a resulf, a yield rate can be
improved, leading to the achieﬁemént of reducing the
10 processing cost. Further, the filter unit can be
arranged in an arbitrary position, and also, the filter
gap can be set freely. Therefore, not only the
. provision of the filter unit contributes to taking a
countermeasure against dust particles, but also, to
15 obtaining an effect of suppressing the extent of
backward meniscus in printing at high frequencies.
Hence the discharge stabilization is enhanced to make a
high speed printing possible.
Also, a laser processing apparatus of the present
20 invention can install a member for reflecting or
absorbing at least a part of laser beam in a position
apart from the surface of a mask within the luminous
flux of the laser beam. Therefore, it is possible to
process by a single processing a three-dimensional
25 configuration in the direction in which the laser beam
is irradiated. Thus, there is no need for any means

for positioning the processing for the second time and



.. 5 ‘The work W processed in the present enbedinent is one of the parts '
. constituting an ink jet recording head used for an ink jet recording
apparatus. More specifically, it is a ceiling board 19, a board nenber of
“the ink jet recording head shown in Fig. 8 and Fig. 10 9. Here, in
conjunction with Fig. 8 and Fig. 9, the desspiption will be made of an ink
jet recording head. The ink jet recording head conprises a silicon
substrate 20 on which the energy generating el enents are patterned for
generating the energy which is 15 utilized for discharging ink, and a
ceiling board 19 which is coupled to the substrate 20. As the energy
generating el emremns begauge & Foree-dimensdopadgconddonration  Fant be

generating resistive elenents or. the |ike) are used, which generate t her mal
energy when an 2(5’r°ce<ﬁﬁﬂ &y \Pé‘lltYaSe°i“§'§&E‘&I pE@cesgipgur afPiy Bekesedt o-

Nt eqral |y on { hEHRITIES ST 530 PEAAEHSHEE P FOPLPFBR ¢ echni que

toget her processing apparatus, resulting in the reduction of the

5 processing cost of a work eventually, while the process
itself can be built at a lower cost.

Also, the aforesaid member can be installed with
its position relatively adjustable with respect to the
mask, making it possible-to adjust the position aﬁd

10 height of a three-dimensional portion with respect to
the processing part of a work. Therefore, when the
afofesaid member is installed fixedly with respect to
the mask, it is possible to determine the processing
configuration of a work uniguely. Further, more

15 complicated configuration can be processed by arranging
the aforesaid member so that the transmissivity of
laser beam is caused to differ depending on the
different regions of the member. Then, by arrahgipg
the laser light source to enable it to generate

20 ultraviolet pulse laser, polymer resin can be processed
finely.

An ink jet recording head and ink jet recording
apparatus of the present invention are such that
grooves formed on a board member thereof are processed

25 by a laser processing apparatus of the present
invention. Therefore, it is possible to form the

grooves each with an extrusion by only a single -



with the wiring nmade of aluminumor the like for 25 suppl ying power to .’
t.he el ectrothermal transducing elenments 18. On the other hand, for the
ceiling board 19, there are generally provided altogether the grooves. -
32.- 19b, which constitute ink paths 14, being forned corresponding to each
of the el ectrothermal transducing el ements; 5& recess 19a which constitutes
an ink liquid chanber 13 for provisionally retaining ink to be 5

supplied to each of the ink paths 14; an ink supply inlet 12 for supplying
ink froman ink tank (not shown) to the ink liquid chanmber 13; and an

orifice plate 17 ' | urgd i IS '
corresponding to %’g%gﬁé%ﬁ% e iArali alpé%te%suj'(liéd. CA}I@;C%%I?% ?%Jp@’ﬁ%igﬁdgnﬁeml I
in the internedi alg et A GHo A TR SriductiR 194 kikend habufat i d,

respectively,
as compared to those having no extrusions.

Also, the board member is formed by polymer resin
5 while using a laser light source which can generate
ultraviolet pulse laser as the one for the laser
processing apparatus of the present invention. Hence
the grooﬁes can be processed finely, resulting in the
provision of the stabilized ink discharges.

10



thus the eress=section of each i-nk path 14 is made snaller |n,the

i nternmedi at e h wcher. eof . This extrusion 15 functions to provi de

resi st ahi ‘i“ | nk flows i'n each of the ink paths 1 mmﬂﬂllﬂmml
~ink dISC es by preventing the ink foani ng ene

of the e t ransduci ng el ements BRom escaping to the ik f'i qlid*
chanber side. On the basis of the structure described 20 above, when

each of the electrothermal transducing elements 18 is supplied with power,
the respective el ectrothermal transducing elenent is caused to generate

thermal energy tqQ create f|In1b0|I|ng in ink on the el ectrothermal el enent,
thus foamng air WHATL LS GLAIMED, 1S40 nk path. Then by the devel opnent of

:)glrfsallg. bubbl e, an i n_Lk dro eetthods fd'rs%l%%r&%ctur%mgeaa%h J_of thq: di schar ge

recording head, comprising the following steps of:
step for forming on a base board a recess portion
5 serving as an ink passage to ink discharge opening by
laser processing and for forming a filter in said ink
passage by using said laser processing; and
step for forming said ink passage by coupling a
side of said base board on which said recess portion is

10 formed to other base board.

2. A method for manufacturing an ink jet
recording head according to Claim 1, wherein said ink
passage includes flow paths communicating with said ink

15 discharge opening and a common liquid chamber

communicating with a plurality of said flow paths.

3. A method for manufacturing an ink jet
recording head according to Claim 2, wherein said
- 20 filter is projection portion provided in said flow

paths.
4. A method for manufacturing an ink jet
recording head according to Claim 3, wherein said

25 projection portion is column shape.

5. A method for manufacturing an ink jet

e I RN



- 33 - As shown in Fig. 10, each of the grooves 19b on the ceiTThg board—1o— -

“(work W each with the extrusion 15 described above is pro

i rradi ation of |aser beam 2 fromthe side of the surface cﬁmmllm!"w"m,“m
the substrate 20 (see Fig. 9) by use of the | aser processing appar atuSso
the present enbodi nent. Al so, each of the disgharge ports 16 is processed
by use of the |aser processing apparatus of the present enbodinment. In this
respect, the discharge ports 16 10 may be processed either before the
grooves 19b are processed or after the grooves 19b are processed. In the
present enbodi nent, the discharge ports 16 are processed by the irradiation
~of Kr-F exciner |&seerding headgaeenrding &9 delain a2, tsaidyriVe®r Hoh are 15
processed. Also, it is preferable to formthe work Wby an injection

nol ding with its REPERFCHLIOBPAELHOM VRIPYHIRA | the HelctifpRE an

pol yphenyl ene. oxi e ot ot fer 2, NeYLDE 9089 L8k SHA Gk ' sdf e

*

common liquid chamber.

6. A method for manufacturing an ink jet
recording head according to Claim 5, wherein said

projection portion is column shape.

10 7. A method for manufacturing an ink jet
recordihg head according to Claim 2, wherein said
common liquid chamber is formed by molding and said

flow path is formed by laser processing.

15 " 8. A method for manufacturing an ink jet
recording head according to Claim 1, wherein an energy
generéting means for generating energy for discharging
the ink from said discharge opening is provided at a
portion on said other board corresponding to the

20 position of said ink passage.

9. A method for manufacturing an ink jet
recording head according to Claim 8, wherein said
energy generating means ié an electro;thermal enerqgy

25  conversion element which generates heat enérgy_as said

energy.



: ehbodihent, the mork is formed by the |nject|on mol di

pol ysul'f one. Al so,” when each of the grooves 19 is processﬁmu 'l"r“ “ll ”"L
"preferable to i ncline the work Wslightly to the optical

prevent the |aser beam 2 from being bl ocked sy the orifice plate 177 1R the
present enbodi nent, the grooves 19 are 25 processed while the work Wis
i nclined at an angle of [err] with respect to the optical axis a. Now, with
reference to Fig. 11, the nask unit 10 34 - will be described Fig 11
IS a perspective ViEM/?& thg gnlt represented in Fi In Fig. 11,
a board menber 23 is fiXed £o™ E% ohoF ?ﬁ%FFHEﬂEQNQHn éFFénged f or
the apparatus fra | nely movable in the
direction X, direg‘éfzgﬁé ¥ ﬁ%ggfr%%?f%hn2§af£ ??ﬁf%ﬁm?glEf%ﬂ 5 Y5t
menber said ink passage communicating with said ink discharge
portion and said filter provided in said passage are

5 formed simultaneously with laser processing.

11. A method for manufacturing an ink jet
recording head accordihg to Claim 10, wherein said ink
passage includes flow paths communicating with said ink

10 discharge opening and a common liquid chamber

communicating with a plurality of said flow paths.

12. A method for manufacturing an ink jet
recording head according to Claim 11, wherein said
i5 filter is projection portion provided in said flow

paths.

13. A method for manufacturing an ink jet
recording head- according-to Claim 12, wherein said

20_ projection portion is column shape.

14. A method for manufacturing an ink jet
recording head according to Claim 11, said filter is
projection portion provided in the vicinity of an

25 opening communicating with said flow path in said

common liquid chamber.



523 on the laser |light source side, there is arranged a hol der 24 for

- det achafhig$S R r 25 for formng extrusions mhic@" 'ﬂﬂ
menber fjmﬂiﬁﬁmlmfklo absorbing at |east apart J’ ﬂummm”m
The extr 5 (see Fig. 9) are thus fornmed through®a firsts *
movabl e mechani sm 22 which is also finely-md%able in the direction X,
direction Y, and direction Z. Al'so, on the end of the board nenber 23 on
the work W15 (see Fig. 7) side, a mask holder 26 is fixed for

det achably hol ding the mask 27 for formng the grooves 19b (see Fig. 9).

The mask 27 and the ngg?er 5 for m ng extrysiqQns are .akr ed in
parallel within the lu ‘noJi “ﬁﬁ%&?%%ﬁ%é‘%%‘?@? E&ﬁgz,anbé'r | g%qzeach ot her
20 by a distangg.d. 4 tig ' f er 2 hi s way,
it is possible to acﬁruds%hé %a%gsa{ﬁ@gr@ﬁgst‘%eé% e?l 15 %?@ (%'r r?!\aﬁéit

extrusi ons in thgrhjeetAsH gordisidf Lisd 1 Minkh ect to the mask, and al so

the position of the mask 2771 n the X Y, and Z directions 25 wth
respect to the direction of the optical axis of

5 16. A method for manufacturing an ink jet
recording head.according to Claim 10, wherein an energy
generating means for generating energy for discharging
the ink from said discharge opening is provided in said
liquid passage.

10
17. A method for manufacturing an ink jet
recording head according to Claim 16, wherein said
energy generating means is an electro-thermal energy
conversion element which generates heat energy as said

15 energy.

18. An laser processing apparatus, comprising:
a laser source; and B
a mask portion having a éredetermined mask pattern
20 corresponding to a shape of an object, through which a
laser beam projected by said laser source is projected
toward.said object, wherein a member for reflecting or
~absorbing at least a part of said laser beam can be

attached to said mask portion at a portion within said

25 laser beam and apart from a surface of said mask.

19. An laser processing apparatus according to



‘the | aser: beantZ It is preferable to nake the frrst anabIe r ' .
and second novabl e mechani sm 21 - 35 - the novabl e stages aﬂﬂ ﬂ“ HI"""
three or nore axes. Also, the first novable nechani sm 22 nay s

on the nask holder 26. The nmask 27 is provided with the pattern of 5
grooves 19 forned in a size of as |large as-fafur-tines, and the | aser beam 2
which transmts the mask 27 is contracted to a size as small as 1/4-tines
by neans of the projection optical system8b (see Fig. 7) as described

earlier. Therefore t he pattern of a 10 desirable size is focused on the
work W Al so, ter of the mask 27, stain]ess steel hosphor
bronze, Al, opaqu@ e?awcgur%%t?@ﬁ§%tﬁt AT G \RE c?)akf‘$

the like should beegégﬂa§1on optical system, illuminating optical system

for illuminating said mask, and projection optical
system for imaging an image of mask pattern of said

5 mask onto working surface of said object.

'20. An laser processing apparatus according to
Claim 18, wherein said mask is closely contacted to
said object.

10

21. An laser processing apparatus according to
Claim 18, wherein said member for reflecting or
absorbing at least a part of said laser beam is mounted
so that the position thereof is adjustaﬁle relative to

15 said mask.

22. An laser processing apparatus according to
Claim 18, wherein said member for reflecting or
absorbing at least a part of said laser beam is fixedly

20 mounted to said mask.

23. An laser processing apparatus according to
Claim 18, wherein said member for reflecting or
absorbing at least a part of said laser beam has
25 different laser beam transmitting rate in different

areas.



‘that the @ﬁsggLRa@Lthed by the irradiation of t he 15-~44xgy;¢§;¥351\\-'
of “exci at nosphere of the air. In the present enbodi

“the mask i ﬁmwm use by forming the pattern on phos _
applicatio nd others. On the other hand, the , ﬁrJU’

form ng 20 extrusi ons is the one preparedby the materi al whi cht deess

allow the | aser beam2 to transmt and positioned to face the extrusion 15
(see Fig. 9). In the present enbodinment, this nmenber is prepared for use by

adhesively bonding to the frarre of phosphor bronze 25 an Al wire of
[err] 50 [err] for wir bon use er_which does 1 _allowthe
| aser beam 2 to transnf %?%ejfegﬁ%%?ssf?% ?)?%?%%?fsona%% I|n&(:)ar?g to . 36 -

system used for tEfaﬁﬁefgytwﬁnggﬁnggidpi§§£¥t§b&£éé generates

ultraviolet pulse laser.

5 25. An laser.processing apparatus according to
Claim 24, wherein said ultraviolet pulse laser is
either one of Xe-Cl excimer laser, Kr-F excimer laser,
fourth harmonic of YAG laser, mixed wave of the base

wave and second harmonic of YAG laser, and nitrogen gas

10 laser.

26. " An ink jet recording head comprising:
a base board having on it elements for generating
energy to be utilized for‘discharging ink; and |
15 a board membef coupled to said base board, wherein
there are formed on said board member, a recess serving
as ink passage communicating with discharge ports for
discharging ink by coupling it to said base board and
projection portion provided in said-recess aA& wherein
20 said recess portion and said projection portion are
processed by a laser processing apparatus according to
Claim 18 which comprises a mask having a pattern
corresponding to said recess portion and a member for

reflecting or absorbing at least a part of said laser

25 beam.

27. An ink jet:recording-head according té.’ .Claim




. mask image with its left, right, up and down sides reversely ““ -
¥ the mertber 25 for form ng extrusions should be arranged in cq)“imgmamm"m
. this 5 particular point. Wth the structure descri bed above, thetgrboves™
19b of the ceiling board 19 shown in Fig. 9 are fornmed. The height -h of the
extrusion 15 shown in Fig. 9 can be adjuste®®y changing the distance L
fromthe surface of 10 the mask 27 to the menber 25 for formng

extrusions shown in Fig. 10. In the present enbodinent, the distance L is

set at 20 mm Al so, the position of the extrusion 15 with respect to each

om 0, th Lrusi | i
The di rection 2 by uatheyefRabFid hoat NS 4 S M cinldl 100 |,
the present embodigent, bhai® PASSE Dl £ul0 JALBDCApatIcE RidRaRG 04

grooves 19b each having an extrusion pm hi'gh 1 n a dinmensi on of

hei ght, 50 pm X WitRavDO1& gul £t dker O ied dHNtHe AdidrCNLight/0 pm

In this way, an ink jet
source for said laser processing apparatus.

28. An ink jet recording head according to either
one of Claim 26, wherein said energy generating
elements are electrothermal transducing elements fof
generating thermal energy to be utilized for

10 discharging ink.

29. An ink jet recording apparatus according to

Claim 28, wherein said head discharges ink from said
discharge ports by utilizing film boiling created in

15 ink by use of therﬁal energy applied by said electro-

thermal transducing elements.

30. An ink jet recording apparatus comprising an
_ink jet recording head according to one of Claims 10
20 and 26, said apparatus discharging ink from the

discharge ports of said ink jet recording head for

.recording in response to recording signals.



Mrecqrdlng head havi ng an gxcellent discharge properties can be obtalned

““wi t'hout” reduci ng the productivity. (Enbodinent 6) Fig. 12 |sTm lmmd
- view which shows a sixth 25 enbodi nent of a mask unit for il

. processing apparatus in accordance with the present |nvent|on

in the present enbodinment fromthe - 3% 5%nmbodi nent 5 is that a nask 47

Is arranged on the laser light source side, and a nenber 45 for form ng
extrusions is arranged. In other words, the mask 47 is fixed on the end

portion of the board menber 43 on the 5 | aser |ight source side, and the
menber 45 for for krusi d on the end portion on the work
side through a flﬂb Erich ~—The structure of the entire body

of the laser processing common recess, grooves, and common recess and/or

column members in the grooves are formed on a base
board at the same time, and such board is made a second
5 base 5oard, which is coupled to a first base board on
which elements for liquid discharging energy are
formed; hence obtaining an ink jet recording head
provided with a filter unit in an arbitrary position in
the region formed by the ink paths and the common
10 liquid chamber.

The filter unit can be processed by a single
processing in the ink paths and/or the common liquid
chamber to make it possible to prevent disabled
discharge from taking place due to dust particles

15 intermingled at the.time of head manufacture. In this
way, the discharging stability is enhanced, making a
high-speed printing possible.

A work is efflciently processed by a 51ngle
processing which is performed éé process a three-

20 dimensional configuration with respect to the direction

in which the laser beam is irradiated.



apparatus including the other structural aspects of the 10 nask uni

‘are the same as that of the enbodi ment 5. Therefore, the desBH B“m ‘mxd
thereof will be omtted. Using such mask unit 40, the grooves
on the sane work as shown in the enbodi nent 5 under the sane

conditions as those in the enbodinent 15 5. Wth a single proce55|ng,

it is possible to obtain the grooves equal to those shown in Fig. 10. In

t he present enbodi nent, too, the height of the extrusion 15 can be adjusted
by changing a distance fromthe surface oft mask”47 to the menber 45 for
form ng extrusions 20 ‘m nus L. (Enbodi }7 rn~the two enbodi nents
descri bed abov mtes are showp, in Wl eX “the mask_and the menber for
form ng extrusj ar ranged wi t'h j sﬁfélatlve p05|fﬁanal 25

rel ati onshi p bei ng adj ustabl e. )k It d s not reqU|red~
t he sane specifications t§’ adj ust
and the

t he wor k of
n the mask

4a

[ —
VR ——— ]

15




- 38 - menber for form ng extrusions once the position and height of
extrusion is determned with respect to each groove to be p h

| aser processing apparatus. 5 In the present enbodi&&g &2 asﬂ% fRiaced
a mask 67 is detachably held by a mask hol der 66 fixed to th HH ﬁ L
63 as shown in Fig. 13, and then, two spacers 68 are provide

67 integrally. To the | eading end of each spacer 68, Al wire 65 of [err] 50
[err] 10 for wire bonding use is fixed by use of UV hardening adhesives
as a nenber for reflecting or absorbing at |east a part of the | aser beam
The fixing position of each spacer 68 and the distance L fromthe surface
.of the mask 67 to the Al wire 65 are determ ned by the 15 posi tion of
extrusion 15 and the hei ght of the :

AN ‘
W
N




extru5|on 15 with respect to the groove 19 shown in Fig. 10. The ot her
structures are the sane those of the enbodi ment 5. Therefom,sshéaa-lasBeenRe laced

description thereof will be omtted. 20 Wth the mas

descri bed above, grooves are processed on the same work as s

enbodi ment 5 under the same conditions as the enbodi ment 5. n, y a
single processing it is possible to obtain the grooves equal to those shown
in Fig. 10. In this 25 respect, the Al wire 65 nay be arranged either on
the laser light source side with respect to the nask 67 as shown in Fig. 13

or on the work side which is opposite - 39 t her gt0. Al so, each spacer
68 may be installed op.j mask_ hol der 66 which s -po%{s the mask 67. As
descri bed above, by f t he&yosi ti onal : ¢’ S
3 < N
| \\- ~
P >
J~o RN -~




rel ati onship between the mask 67 and Al wire 65, the 5 r cessi ng

configuration of a work can be determ ned uniquely, thus R°MWd
errors in setting the position and hei ght of each extru5|o ,
t he work. (Enbodi nent 8) 10 Fig. 14 is a perspectl

shows an ei ghth enbodi ment of a mask unit for a |aser processing apparatus
I n accordance with the present invention. In the present enbodi nent, a
menber for formng extrusions is different fromthat shown in the

enbodi nent 5. The 15 ot her structures are the sane as those of the
enbodi nent 5. Therefore, the description thereof will be omtted. Now, the
description will be made of the menber 85 for form ng extrusions as given

synthetlc gquartz %ase ppanﬂ___@n_the_gulgf Q_ngqjg;ence (portloﬂ i ndi cat ed
by slanted lines)l, a totally reflective film85a fof the beam of 488
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wavel ength is coated. Al so, on the |lower part of the region surrounded by
the totally reflective film85a 25 (portion indicated by 1gss$neaRhdBeen Replaced

lines), a transmtting film 85b, which transnmts a 30% of the
nm is coated. - 40- Using the mask unit 80 structured as
above, groove processing is perforned on a work Wunder the s

conditions as the enbodi nent 5. Such work is represented in Fig. 15. As
shown in Fig. 5 15, the extrusion 95 is forned in step on the end
portion of the groove 99b processed by the irradiation of the | aser beam on
the recess 99a side. The depth of the groove 99b becones smaller in the
portion where the extrusion 95 is formed. An ink jet recording head is 10
manuf act ured by coupling the work Wwi th such grooves

FIG. 8




99b serving as the ceiling board to the base board where the energy
generating elenents are arranged. In this way, the ink patmmmﬂxufus .
t he grooves 99b and the base board, while an ink liquid cha

formed by a recess 99a and the base board. In the ink I|qu

extrusion 95 is fornmed which functions as resistance to

Therefore, with this extrusion 95, the supply force to the I nk dlscharge
ports 96 side is controlled, and at the same 20 time, the escape of ink
foanming energy to the ink Iiquid chanber side is prevented. In the present
enbodiment, it is possible to formby a single processing the groove 99b of
depth, 50 pmx width, 50 pm and the height h of the extrusign being 25

35 pm with the tapering dlnengtvzgé bei 10 pmin the step d portion.
The height h of the extrusion 95 bef/ad| ust ed by changln t he '

transm ssivity of the 2

15

_ \%
f =L
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-41- transmitting film85b shown in Fig. 14. The tapering—arﬁgﬁgraﬁ_I_TTT_—-_
t he stepping portion can be adjusted by changi ng the di st altieSheetfHaoBaeh Réplaced
surface of the mask 87 to the nenber 85 for form ng extrusi .
5 14. Also, in the present enbodi nent, while the descri H F
made of the case where the extrusion 95 has only one step, it 1s po

to provide a plurality of steps in the extrusion just by coating on the
menber 85 for formng extrusions the 10 plural kinds of transmtting
films which provide different transm ssivities of |-aser beam accordingly.

In each of the enbodi nents described above, the exanples are shown, in

whi ch the projection optic ste b is used (see Fi ) ver, it
may be 15 possible to %épro?ﬁzi ng appar of a contact type which
processes by arranging a r nd Tas [ t with each other

wi t hout adopting any

45
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projection optical system8b. Al so, in each of the enbodi ments—deseribed

above, the exanples are shown, in 20 which a ceiling board, one of the
parts constituting an ink jet recording head, is being proc t Mas ced
the | aser processing apparatus of the present invention, but & S
can be used not only for |aser processing, but also can be 5
exposure equi pnent for the photo-sensitive resin which is used when

manuf acturi ng a sem conductor or- the Iike. Now, the description will be
made of one - 42 - enbodinent of an ink jet recording apparatus in
accordance with the present invention. In Fig. 16, an_ink jet recording

head 101 which records desired images by di scharqgi n response 5
to given recording signals is of the sane struc

FIG. 14
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that of the ink jet recording head descri bed above. A carriage'102 mount i ng
the ink jet recording head 101 on it is fitted into two gui dg,issd};aa‘tﬂssgb&ﬂ{e‘ilaced

and 104 slidably in the directions indicated by arrows B, and

coupled to one portion of a timng belt 108 tensioned around i“ﬂ!

fixed to the output shaft of a carriage notor 105 and a pulle

rotatively supported by a shaft. The ink jet recording head 101 is
structured to reciprocate in the directions 15 i ndicated by the arrows B
when the timng belt 108 rotates regularly or. inversely followng the -
regul ar or inverse rotation of the pulley 107 by application of driving
force of the carriage notor 105. A recording sheet 109, a recording
material, is 20 - guided by a paper pan 110 and fed by a feed roller (not
shown) with which a pinch roller is in contact under pressure. This feeding

Is perforned by a sheet feed notor 116 as its driving source. The recording
sheet 109 thus fed is tensioned by neans of a sheet exhaust

- FG. 16




i NT. SHEETS s

2&/ Yoller 113 ahd a-spur 114, and pressed t ﬁelggglf‘%‘ %Péé%

.....

Aegn
1.l]-l§ r"§

sheet pressure board 112 fornmed by an elastic
fed while being - 43 - pressed to the heater d"ﬁ*fq% e%gr" """ E rd'q

109 to which discharged i pk e A § FOBEG) fBRSS ad oRAES o
war med up by the heater 1 ' -#;&’S‘@lgwﬁtl sture :omﬁf‘%ﬁ?&lher dRrdi-mk O RAge 59
evaporated to allow the 5 ink to be fixed on the recording Shitkﬁéﬁg A
recovery unit 115 is to maintain the di schaggi g PATREDF iRECEP TS .! .

condition by renoving foreign particles and overtyVviscous I nk adhering to

t he di scharge ports IﬁKOﬁ'EThRECORDﬁ HEAD I Al oirerob 1608 MANuFAdTERE Fi 9.

8). The recovery unit 115 1s provided wmth a cap 118a to cap the discharge

ports of the ink | FHEREFOR(|I AND LASER PROCESSING APPARATUS AND INK JET
RECORDING APPARATUS

ABSTRACT OF THE DISCLOSURE

A common receés, grooves, and common recess and/or
column members in the grooves are formed on a.base board at
the same time, and such board is made a second base board,
which is coupled to a first base board on which elements
‘for liquid discharging energy are formed; hence obtaining
an ink jet recording head provided with a filter unit in an
arbitrary position in the region formed by the ink paths
and the common liquid chamber.

The filter unit can be processed by a single
processing in the ink paths and/or the common liquid
chamber to make it possible to prevent disabled discharge
from taking place due to dust particles intermingled at-the
time of head manufacture. In this way,méﬁe'disdharging
stability is enhanced, making .a highQSpeed printing
possible.

A work is efficiently'processed'by a single processing
which is performed to process a three-dimensional
configuration with respect to the direction in which the

laser beam is irradiated.

This is the replacement sheet
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head 111, thus preventing any clogging fromtaking place. In the interior
of the cap 118a, an ink 15 absorbent 118 is arranged.: /ﬁug eetQiks

recordi ng area side of the recovery unPFfsnEewafdoheanl ng b o B&ﬁReplaced
provi ded for cleaning foreign particl es“*\ﬂb ‘ﬁe dr opI ets a mﬂﬂmn ImlL
surface where the discharge ports 16 ar'e -

recordi ng head, the-laser processing apparatus, and i nk jet recording
apparatus in accordance with the presenf_,l nvention are to bring about
excellent effects on the recording head and recording apparatus of ink jet
met hod, particularly of 25 the nethod ih whieh recording is perforned by
formng flying droplets by utilization of t\e lm’l“ energy Regar di ng the

typi cal struct lF?GId ?ﬁrat i onal
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t

principle of such a nethod, it is preferable to adopt those which _can be
I npl enment ed using the fundanental principle disclosed in the specifications
~of U S. Patent Nos. 4,723,129 and 4, 740,796. This method is This Shee lBiema!sﬂleped

to the so-call ed on-demand type recordi ng systemand a conti nHm le" I

recording systemas well. Particularly, however, the nethod
t he on-demand type because the principlg is such that at |east one driving
signal, which provides a rapid 10 t erature rise beyond a departure

from nucl eation boiling point in response to recording information, is
applicable to an el ectrot.hermal transducing el enent di sposed on a liquid
(ink) retaining sheet or |iquid passage whereby to cause the el ectrothernal

t ransduci ng 15 el enent to generate thernmal energy to produce film
boiling on the thernoactive portion of recording head,_ thus effectively
| eading to the resultapsfformatigpn of a bubble in"{€ recording |iquid
(ink) one to one inre .t ®each of the driw \igqgls. By the

_Tnis is the replacement sheet
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20 devel opnent -and contraction of the bubble, the liquid (ThK)y 13
di scharged through each di scharging port to produce at |east fﬁgﬁé&f}lﬂ%t.
The driving signal is nore preferably in the form of pul ses beEﬂﬂﬁﬂ "mi

devel opment and contraction of the bubble can be 25 effectu
I nstant aneously, and, therefore, the liquid (ink) is discharge
particul arly quick response. -The driving signal in the formof pulses is
- 45 - preferably such as disclosed in;ghe specifications of U S. Patent

i

Nos. 4,463,359 and 4, 345,262. In this respect, the tenperature increasing
rate-of the heating surface is preferably such as disclosed in the 5 _
specification of U S Patent No. 4,313,124 for gn ex |l ent recording in a

better condition. Theffzt;ctur?;of the recordi ng hedd-may be as

~
S ' \\
< ~

This is the réplacement sheet
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Y

shown in each of the above-nmentioned specifications wherei n,hﬁm

I's arranged to conbine the .10 di scharging ports, Ilqu”i'd’pat hs, an

el ectrothermal transducing.elenents (linear type |iquid pﬁﬁ&ﬂhe@ﬂasBee“

right-angled liquid paths). Besides, the structure such as

specifications of .U S. Patent Nos. 4,558, 333 and 4, 459, 600

thérmal 15 activation portions are ajranged-in a curved rea |s aI so

included in the present invention. In _aé_di tion, the present invention is

effectively applicable to the structure disclosed in Japanese Patent

Lai d- Qpen Application No. 59-123670 .wherein a 20 common slit is used as

the di scharge ports for plural electrothermal transducing elenents, and to

the structure disclosed in Japanese Patent .Lai d-Qpen Ap- plication No.

59- 138461 wherein aperture far ahsarhi ng_pressure_wave of the thermal

energy is forned Eﬂ correspondi ng._to_the dl.SCJEIr_qe ports. Furt_herrmre
L0

as a full-line type recordi ng head : y =
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where-its Iength is provided for the-width of a maximum 46
recordabl e nmedi um which can be recorded by such recordlna apﬁaratus the

present invention is applicable to either the structure Héﬂmﬂa I

such length by conmbining a plurality of recording heads 5
the specifications. described above or the structure in mh

ng =
head is integrally formed for the purp . I'n addition, the present
invention is effectively adoptable irr- ective of whether the recordi ng
head is 10 of an exchangeabl e chip type which can be electrically

connected with the apparatus main body or to which ink can be supplied from
the apparatus main body when the head is installed in it, or the recording
head of a cartridge type in which an ink tank is forned together

FIG. 8

17

This is the replacement sheet
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15 ‘'with the recordihg head itself. Also, for the present |nvent|on

Is preferable to additionally provide a recording head wth Thmﬁw@ lmmd
-and prelimnarily auxiliary means as constituents of the reco
appar at us because these addltlonal 20 means w | | contrlbut

the .effectiveness-of the present invention nore stabilized. To nane them
specifically, these.are pressing or sucki.ng nmeans with respect to a
recordi ng head, preheating neans such el ectrot hermal transducing .
el ements or heating elements 25 ot her than such transduci ng el enments or
t he conbi nation of those types of elenents, and the adoption of a :
predi scharge node, which perforns discharge other than - 47 - the
regul ar discharge. This node is also effective in executing adstabilized

recordi ng. | F/G 70 |
R
19b\

2 == /

17 16
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Moreover, as-the recording node of the recording apparatus, the present
invention is extremely effective 5 when appl i ed not onl yThisSheetidas Been Replaced
recordi ng node in which-only major color such as black is us m‘&ﬂu
in using an apparatus which is provided with at |east either X
colors having different colors and full color arranged by m Xxing colors

I rrespective 10 of a recording head being integrally structured or it is
structured by conbi nati on of plural hqg@g.*ln t he enbodi nents of the

present invention described above, while the ink has been described as
liquid, it may be an ink material which is solidified 15 bel ow t'he room
tenperature but liquefied at the roomtenperature or in the formof liquid,

or inthe ink jet nethod de L bed ove, it is generall ed t hat
the tenperature adjustnentAé?ZSﬁk gﬁgklf s con In a range of
tenperatures not |ower tha ] n '

to stabilize its viscosity for :

Ther ef or e,

ovision_gf the st
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s ﬂ A

it i.s good enough if ink can be I|qU|f|ed when the record|ng—s+gﬂa+e~e44;_~____
.prOV|ded for use. In addition, while positively:preventing. the 25
tenperature fromrising due to the thermal energy by consum awd
as an energy to be utilized for changing states of ink froms ,
l'iquid, or by use - 48 - of the ink which will be solidifi

I ntact for the purposé of preventing thg ink from being evaporated, |t nay

be possible to adopt the present invenLEQn for use of an ink having a

nature of - being 5 | iquefied only by the application of thermal energy,
such as an ink capable of being discharged as ink liquid by enabling itself
to be liquefied anyway when the thermal energy is given in accordance wit h
recording signals, and an ink which will have alrea

LASER BEAM

r
LASER BEAM 4
| K ]
99b
A
h.  This is the replacement sheet
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10. + * begun solidifying itself by the tine it reaches a recording wedium
In such a case, it may be possible to retain the ink in the oL, as BbdRleplaced
or solid in the recesses or through holes of a porous sheet i

di scl osed in Japanese Patent Laid-Open Application No. 15 H Eﬂk“\!m “
60- 71260 in order to enable the ink to face the el ectrotherm

el ements. In the present invention, thegnost effective method for the

vari ous kinds of ink nentioned above isthe one which is capabl e of

i'mpl ementing the filmboiling nethod as 20 . descri bed above. Further, as
the node of the recording apparatus in accordance with the present
invention, it may be possible to adopt a copying apparatus conbined with a
reader in addition to the inmage output term nal which 25 is integrally
or independently provided for a word processor, a conputer, or other

I nformati on processi ng apparatuses, and further, it nmay be possible to
adopt -

FIG. 16

116

This is the replacement sheet
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t HMENT §ﬁ§ﬁi"écep%’

- 4§_ v the node of a facsimle apparatus havi : it
i toh Debariptions @aged py Mh T

functions. As described above, in accordance

filter ‘'unit can be arranged by, a sj 5  prqses@ite inpaged +-nko PAEF o
and/or in the comon [i qg‘l?dlztc)t{ﬁerﬁ‘é#a%sso, wi t --jma_wmg(/sj)siﬁaged)ﬂ--ﬁ%i%&%d’ﬁ;j

filter unit, it becomes possible to take a reqpigeahsaaas urpagehinide Rﬂg%,q -
particles. As a result, a yield ratelcan be inproved, |eadi ng to the

achi evenent of reducing the 10 processing c YATE ngt ﬁﬁ‘bﬁﬂﬁ‘%.@.lﬂlﬁg-

unit can be arranged in an arbitrary posyti ow laldedl-se6—tRe—t+rtter—gap can

be set freely. Therefore, not only the p Lsi”c‘m\of the filter unit )

contributes to taking a counterneasure &gaknst dust~particles, but also, to

15 obt ai nj n f ct . of supflre pg’ the extent of~fackward neniscus in
1 -~

printing at i f r dquknci es.
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Hence.the di scharge stabilization is enhanced to nake a high speed printing
possi bl e, Also, a |aser processing apparatus of the present 20 I nvention
can install a nenber for reflecting or absorbing at |east a part of |aser
beamin a position apart fromthe surface of a mask within the | um nous
flux of the |aser beam Therefore, it is possible to process by a single

processing a three-di mensional 25 c@nfiguration in the direction in
which the | aser beamis irradiated. Thus, there is no need for any neans
for positioning the processing for the second tinme and - 50 - on because

a three-dinensional configuration can be processed by only a one-tine
processing. This makes it possible to sinplify the structure of the |aser
processi ng apparatus, resulting in the reduction of the

FIG 3
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5 _ . processing cost of a work eventually, while the process itself can be

by

built at:a |ower cost. Al so, the aforesaid nenber can be installed with its
position relatively adjustable with respect to the nask, nmaking it possible

to adjust the position and 10 hei ght of a three-di nensional portion with
respect to the processing part of a work. Therefore, when the aforesaid
menber is installed fixedly with resp to the mask, it is possible to

determ ne the processing configuration of a work uniquely. Further, nore 15
conplicated configuration can be processed by arrangi ng the aforesaid
menber so that the transmissivity of laser beapnis cadsed to differ
depending on the diff t reglons of the nenbar. Ahen, by arranging the
| aser |ight source t bl e g;pto generate 20 Tl travisQl et pul se | aser
pol ymer resin can be processed finely.§An ipk jet recordi ng-head and ink
jet recording apparatus of the present i-ventﬁﬂq‘are such that™~._
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grooves:- formed on a board nenber thereof are processed 25 by a | aser
processing apparatus of the present invention. Therefore, it is possible to
formthe grooves each with an extrusion by only a single - 51 -
processing. As a result, discharge properties becone superior wthout
marring productivity when manufactured as conpared to those having no
extrusions. Also, the board nenber is forned by polyner resin 5 whi | e
using a laser |ight source which can generate ultraviolet pulse |aser as
the one for the | aser processing apparatus of the present invention. Hence
t he grooves can be processed finely, resulting in the provision of the
stabilized ink discharges. 10
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VWHAT I S'CLAIMED IS: 1 A met hod for manufacturing an ink jet
recordi ng head conprising: a recess portion forned on a base board by | aser
processing for serving as an ink passage comruni cating with an ink

di scharge opening; and other base board coupled to formsaid ink passage to
a side of said base board on which saji recess portion is forned,
characterized in that a filter is for in said ink passage by using said

| aser processing.. 2. A method for manufacturing an ink jet recordi ng head
according to Caim1, wherein said ink passage includes flow paths :
comuni cating with said i nk di scharge opening and a common |iquid chanber
comuni cating with a plurality of.said flow paths. 3. A nethod for

manuf acturing an ink jet recording head according to Claim2, wherein said

FIG. 8
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filter-is projection portion provided in said flow paths. 4. A nethod for
manufacturing an ink jet recording head according to Claim3, wherein said
projection portion is colum shape. 5. A nethod for nmanufacturing an ink

j et 53 - recording head according to Claim?2, said filter is projection
portion provided in the vicinity of an opening comunicating with said flow
path in said common |iquid chanber. 586 A nethod for manuf acturi ng an ink
jet recording head according to Claim5, wherein said projection portion is
col um shape. 10 7. A nethod for manufacturing an ink jet

FIG. 10
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recordirng head according to Claim2, wherein said common |iquid chanber is
formed by nolding and said flow path is fornmed by | aser processing. 15

8. A nethod for manufacturing an ink jet recording head according to Cl aim
1, wherein an energy generating neans for generating energy for discharging
the ink fromsaid di scharge opening is provided at a portion on said other
board corresponding to the 20 posi tffon of said ink passage. 9. A nethod
for manufacturing an ink jet recordi ng head according to Claim8, wherein
said energy generating neans is an el ectro-thernmal energy 25 conver si on
el-ement whi ch generates heat energy as sai d enerqgy. -54- 10. A nethod
for manufacturing an ink jet

FIG. 12
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recordrng head, wherein said recess portion serving as said ink passage
communi cating with said ink discharge portion and said filter provided in
sai d- passage are 5 formed sinultaneously with | aser processing. 11. A
met hod for manufacturing an ink jet recording head according to C aim 10,
wherein said i nk passage includes flow paths communicating with said ink 10
di scharge opening and a common quuid_gbanber comuni cating with a
plurality of said flow paths. 12. A nethod for manufacturing an ink jet
recordi ng head according to Claim11l, wherein said 15 filter is
projection portion provided in said flow paths. 13. A nethod for

manuf acturing an ink jet recording head-according-t N\m 12, wherein said
20 projection portionis colum shape. 14. A wmsthod for nmanufacturing an
ink jet recording head according to Claim1ll [ IS projection
portion provided in the vicinity of an 87

FIG. 14
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25_ . -vpening comuni-cating with said flow path in said coomon |iquid
chanber. - - 55 --15. A nmethod for manufacturing an ink jet recordi ng head
according to Claim 14, wherein said projection portion is colum shape. 16.
A nmet hod for manufacturing an ink jet recording head according to Cl aim10,
wherein an energy generating nmeans for ggenerati ng energy for discharging
the ink fromsaid di scharge opening is<%rovided in said |iquid passage. 17.
A nmet hod for manufacturing an ink jet recording head according to Cl aim 16,
wherein said energy generating neans is an el ectro-thermal energy
conversion el ement which generates heat energy as said energy.

116
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18, .=

nesk portion having a mask with a predetey)zlfg% Lorre
shape of an object, through which a | aser beam proj&écted by sFI!ﬁ'] Iﬂﬂﬂll
source i s project ed toward said object. characterized in that

portion has a nenber for reflecting or absorbing at |least a part of said

| aser beam provided within said |aser

mask. 19. An | aser processing apparatus according to - 56 - Caim18

further conprising” ENK| g@Et RECORDING HEAD AND OMETHOD NOP[MANUFACTUREM

i 1'lum nating optical systemfor |IIum natlng sai d mask and pI‘OJ ectlon
EREBORg 2 SER DEESS NG t AP IS A I JET

opti cal

system f Q

RECORDING APPARATUS

ABSTRACT OF THE DISCLOSURE

A common recess, grooves, and common receés and/or
column members in the grooves are formed on a base board at
the same time, and such board is made a second base board,
which is coupled to a first base board on which elements
for liquid discharging energy are formed; hence obtaining
an ink jet recording head provided with a filter unit in an
arbifrary position in the region formed by the ink paths
and the common liquid chamber.

| The £filter unit can be processed by a single
processing in the ink paths and/or the common liquid
chamber to make it possible to prevent disabled discharge
from taking place due to dust particles intermingled at the
time of head manufacture. In this way, the discharging
stability is enhanced, ﬁaking a high-speed printing
posseible. |
| A work is efficiently processed by a single processing
which is performed to process a three-dimensional
configuration with respect to the dirgction in which the

laser beam is irradiated.

A | aser processing apparatus conprising; a |aser s%[s%g%tﬁg@eaikeplaced

beam and apart froma surface of said
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i,f onto working surface of said obj ecf—=26—~Anr—taser—p
Fap s accoPEARCHOREPORT 18, wherein sai \pplicationiNe. | osel y
¥ sal ject. 10 21. An | aser proce55| ng appal at us .accora$igogs -0

¢ henzh anaf lLanct A ot ~f o
t

CTAOC a—pPuart A4 T o

|asermn&nowrnnmmmmndcso that the position thereof is adjustable relative

p

apparatus according to Claim 18, wherein said nenber for reflecting

transnigehbdtd (2f 6ni thélighbsVe@NhrafBAfed on a base board (5) at the same
time, and such board (5) is coupled to another board (2) on which |
elements (1) for liquid discharg{ng energy are formed; hence obtaining
an ink jet recording. head provided with a filter unit (8) in an arbitrary
position in the region formed by the ink paths (3) and the common 1iquid
chamber (4). The filter unit (8) can be processed by a single processing
in the ink paths.(3) and/or’ the common 1iquid chamber (4) to make it
possible to prevent disabled discharge from taking place due to dust
particles intermingled at the time of head manufacture. In this way, the.
discharging stability is enhanced, making a High-speed printing possib]é.
A work is efficiently processed by a single proceésing which is performed
to process a three-dimensional configuration with respect to the directioh
in which the laser beam is irradiated. '
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- 5f - 24. An laser ﬁroce55| Ng appar at us accord| r?gf 18 G levedd o 30Ma 19%

e L 2 e i

processi ng appar at
Xe- ekci*nmer | aser, Kr-
- I‘:&Qﬂl .....
A

| aser is either one o f aser
harmoni ¢ of YAG | aser, m xed wave o t e base

p rla‘mn ?ét l:-dl ® gpalge@d-
e Abtrage net

YAG | aser, aser.

conpri si ng: a@E@Q@%“@%@féﬁﬁgﬂing thereﬂnS&n-eIe
be utilized for discharging ink; and a board ne
board provided with a recess serV|ng as an ink

di schar ge por tWH&k 1§ CLAIMED ISHK Py coupllng toSal o

pase board and a

1 - A method for manufacturing an ink jet
recording head comprxszng.

a recess portion formed on a base board by laser
processing for serving as an ink passage communicating with an
lnk discharge opening:; and

other base board coupled to form said ink passage to
a aide of said base board on which said recess portion is formed,

characterized in that a filter is formed in said ink
passage by using said laser processing.

2. A method for manufacturing an ink jet
recording head according to Claim 1, wherein said ink
passage includes flow pathé communiéating with said ink
discharge opening and a common liquid chamber

communicating with a plurality of said flow paths.

3. A method for manufacturing an ink jet
recording head according to Claim 2, wherein said
filter is projection portion provided in said flow

paths.

4. A method for manufacturing an ink jet
recording head according'to Claim 3, wherein said

projection portion is column shape.

5. A method for manufacturing an ink jet
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pI‘OJ ection port i on prow ded in said recess, characterized Th that—sard———
Fecess .portion and said projection portlon are processed by

processi ng apparatus according to claim 18 which conprises m H”M'H",
pattern corresponding to said recess portion and a nenber fot refliech ng o
absorbing at |least a part of said | aser beam corresponding to said

projection pattern. 27. An ink jet recording head according to Claim -

58 - 26, wherein said board menber is-f®Pnmed by polymer resin, and a | aser
l'ight source capable of generating ultraviolet pulse laser is used as the

| aser |ight source_.for said. |laser processing apparatus, 5 28 An ink‘jet
recordi ng head accdrdi nz\ f‘i?t@iqdmfrdpror’i‘?rﬂ#a@q%‘f ng aRtRKi €5ai d energy
generating recording head according to Claim 14, wherein said

projection portion is column shape.

16. A method for manufacturing an ink ‘jet
recording head according to Claim 10, wherein an energy
generating means for generating energy for discharging
the ink from said discharge opening is provided in said

liquid passage.

17. A method for manufacturing an ink jet
recording head according to Claim 16, wherein said
energy generating means is an electro-thermal energy
conversion element which generates heat energy as said

energy.

agrn.ﬂ o A laser processzng apparatus conprising;
2 laser souxrca; and

a mask portion having a mask with a predetérmined
pattern corresponding to a shape of an object, through Which a
laser beam projected by said laser source is projected toward
said object,

characterized in that said.mask portion has a menmber
for reflecting or absorbing at least a part of said laser beam

provided within said laser beam and apart from a surface of said
mask.

19. An laser processing apparatus according to
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elenments are el ectrothermal transducing elenents for gener

energy to be utilized for 10 di scharging ink. 29. An mﬂtlllmnﬂmjmﬁlmguml
apparatus according to Caim 28, wherein said head di scharges ithkfr8m 8ait

di scharge ports by utilizing filmboiling created in 15 i nk by use of
thermal energy applied by said electro- thernmal transducing el enments. 30.

An ink jet recording apparatus conprising an ink jet recordi ng head
according to one of Clainms 10 20 and_%ﬁ_' sai d apparatus discharging ink
fromthe discharge ports of said ink jet recording head for recording in

response to recordigg signais.
. . n laser processing apparatus according to

Claim 18, wherein said laser source generates

ultraviolet pulse laser.

25. An laser processing apparatus according to
Claim 24, wherein said ultraviolet pulse laser is
either one of Xe-Cl excimer laser, Kr-F excimer laser,
fourth harmonic of YAG laser, mixed wave of the base
wave and second harmonic of YAG laser, and nitrogen gas

laser.

26 An ink jet recording head comprising:
a base board having thereon an element for generating
energy to be utilized for discharging ink; and '
a board membex ‘coupled to gaid base board provided with
a recess serving as an ink p'assage communicating with a diséharge
port for discharging ink by coupling to said base boaxrd and a
projection portion provided in said recess, '
characterized in that said recess portion and said
projection portion are processed by a laser processing apparatus
according to claim 18 which comprises a mask having a pattern
corresponding to said recess portion and a member For reflecting
or absorbing at least a part of said laser besm corresponding to
said projection pattern.

27. An ink jet ‘recording head according to Claim
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