30 DEC2003 - 1 LASER PROCESSI NG METHOD, METHOD FOR MANUFACTURI NG | NK JET
RECORDI NG HEAD USI NG SUCH METHOD OF MANUFACTURE, AND | NK JET RECORDI NG HEAD
MANUFACTURED BY SUCH METHOD OF MANUFACTURE 5 BACKGROUND OF THE | NVENFID®R 7003
Field of the Invention The present invention relates to a | aser proceSS|ng
met hod. More particularly, the invention 10 relates to a nethod of

manuf acture that uses such |aser processing, for exanple, to manufacture
an ink jet recording head for enabling ink droplets to fly and adhere to
a recording nedium and also, relates to an ink jet recording head

manufactur ed by s EEHE£H8gEe§I A5 uRhac ke rRonRROR FENERGEd, At

Conventional l vy, ere has been nomn | aser  processing nethod that uses
ul traviol et Iaser deFT hgcgﬁgghﬁethE RS Qush oP] ect that
requires 20 nlnute s ructures ftormnme preC|S|on an exanpl e of

such preci se processi nganiigrauke ﬁHﬁhIRFeJEQ RERERBINGY el T | ow paths or

I nk di scharge ports o | et head n the specification of Japanese

Patent 25 Applicati ondnajehdRpiEiNGy Ui MEridp 8 MBdFracfurgi scl osed the

hi gh precision processing of 1nk flow paths or ink discharge ports using
exciner layer, the

" BACKGRQUND OF THE INVENTION
Field of the Invention
The present invention relates to a laser
processing method. More particularly, the invention
10 relates to a method of manufacture that uses such laser
processing, for example, to manufacture an ink jet
recording head for enabling ink droplets to fly and
adhere to a recording medium, and also, relates to an
ink jet recording head manufactured by such method of
15 manufacture.
Related Background Art

Conventionally, there has been known the laser
processing method that uses ultraviolet laser in order
to precisely process a structural object that requires

20 minute structures formed in high precision.

As an example of such precise processing, there is
such one as processing ink flow paths or ink discharge
ports of an ink jet head.

In the specification of Japanese Patent

25 Application Laid-Open No. 2-121842 or 2-121845, is
disclosed the high precision processing of ink flow

paths or ink discharge ports using excimer layer, the



300ECZ2003 - 2 typical ultraviolet laser. In other words, the exciner

| aser can oscillate wultraviolet rays of short pulses (15 to 35 ns) by the
di scharge excitation of a m xed gas of rare gas and 5 hal ogen. The
oscillation energy thereof is 100 ml/pul se, and pul se repetition fﬁe%%%@s
is 10 to 500Hz. Then, when the highly bright ultraviolet rays, such as
the exciner layer, are radiated on the surface of resin polyner, the

abl ati ve phot odeconpoti on (APD) 10 process occurs to deconpose such portion
to be scattered instantaneously with plasma emssion and inpact noises,
thus making it possible to performthe so-called |aser ablation process of
pol ymer resin. Wpicahal¥aGuisslet Wdgdr.has been generally in use 15 as a
| aser processing, edge faces tend to beconme rough, although drilling is
possi bl e. Al so, the BO2Yresemordshi dihe exgiimesr désehasam drsailddatd hat
crater is made on the circunference of each hole. Here, the |aser

processi ng of thtravidliet ttaysefcailoat [pakaeshddtS 20 HSoees)s bywtibeh i s
executed by transformng light energy into thermal energy. As a result,

t he processed ghignhalnge |dxhjt@tioneicd Mipedd gas ek e gneegiase gandocessi ng
difficult. In contrast, the ablation process that uses exciner |aser
performs subli iaiegeret cfihfy Asriddatdas epengye thisaeedthdm d&0 reacti on t hat
cuts the coval ent binding of carbon atons. Therefore, processed shape is
not easily col Iyt SsheME MiSEy GePeidddion dreguency is 10 to

500Hz. Then, when the highly bright ultraviolet rays,
such as the excimer layer, are radiated on the surface
of resin polymer, the ablative photodecompotion (APD)
10 process occurs to decompose such portion to be
scattered instantaneously with plasma emission and
impact noises, thus making it possible to perform the
so-called laser ablation process of polymer resin.
With the YAG laser which has been generally in use
15 as a laser processing, edge faces tend to become rough,
although drilling is possible. Also, the CO, laser,
which is infrared, has a drawback that crater is made
on the circumference of each hole. Here, the laser
processing of the kind is the so-called laser heat
20 process, which is executed by transforming light energy
into thermal energy. As a result, the processed shape
is liable to be collapsed to make precise processing
difficult. 1In contrast, the ablation process that uses
excimer laser performs sublimation etching by means of
25 the photochemical reaction that cuts the covalent
binding of carbon atoms. Therefore, processed shape is

not easily collapsed, hence making it possible to



30 DEC 2003 3 execute an extrenely precise processing. Here, the ablation
process neans a nethod for perform ng sublimtion process by use ofalaser

wi thout conditioning any |iquid phase. 5 Particularly, in the field dt DEnR003
jet technol ogies and techniques, the practical use of |aser ablation
process has remarkably devel oped in recent_years as fresh in the nmenory of
those skilled in the art. Further, mhile"p?atticing the | aser process using
10 exciner |aser, the follow ng has been found: in other words, the
oscillating pulses of radiated |aser is approximtely several tens of nano

seconds per pulse for the xciqgébkﬁyen, that is, .the aforesaid
ul traviol et | asBeCUHR 130 HE LA K iR ST RGeS St %sci | | ati on of YAG

| aser i s approxi mat 10Q pic seconds to several nano _.seconds. However,

the'l i ant  aner gy om STt B STHEIOT SHASRSE S %cr RTEte KE ot

necessarily usedzégl f.Qr cqh%ffﬁﬁéfg%_covalent bi ndi n fof atons..t() Then,
of ght “ene

because of "t he B St énct grfce\ﬁﬁsl (?H’ i"S *n St ul ST f S W ng the

coval ent bi ndi %rg{iti%n%@ |atrB§|1L}"%§’ '3 %%%cs‘s%gse_(lj_hggrt ion of a work piece is

scattered beforé being conple eco a by-product is
f.reat ed on; the circyyarence ai, thg %%eofﬂ%"iﬁi%‘% R%ﬁﬁt ig%% ﬁ%"c%?rol%gﬁaer of
I ght energy which is not used“f'or  cutting the coval €nt” bindi ng at ons
i's converted i Nffy techniques, the practical use of laser ablation
process has remarkably developed in recent years as
fresh in the memory of those skilled in the art.
Further, while practicing the laser process using

10 excimer laser, the following has been found: in other
words, the oscillating pulses of radiated laser is
approximately several tens of nano seconds per pulse
for the excimer layer, that is, the aforesaid
ultraviolet laser, while the ultraviolet harmonic

15 oscillation of YAG laser is approximately 100 pico
seconds to several nano seconds. However, the light
energy of the laser beams radiated on a work piece is
not necessarily used all for cutting the covalent
binding of atoms.

20 Then, because of the existence of light energy
which is not used for cutting the covalent binding of
atoms, the laser processed portion of a work piece is
scattered before being completely decomposed. Thus, a
by-product is created on the circumference of the

25 processed portion.

Also, a part of light energy which is not used for

cutting the covalent binding of atoms is converted into



30 DEC 2003 - 4 thermal energy. The energy density of exciner |aser

reaches only a 100-negawatt |evel at the maximumin terns of OSCil%ﬁéfE%
pul ses. Therefore, it beconmes difficult to 5 process netal, ceramcs ﬁ 003
m nerals (such as silicon) having high ratio of heat transfer, and quartz
and glass having |ow |ight absorptance. N&inly, organic resin materials
can be processed by use of sublimating abfaftion. 10 These have been

unavoi dabl e phenonena that nmay take place when using excinmer |aser.

Ther ef or e, various processi ng techni ques have been proposed so that these
phenonmena do not che unf avorable influences on the recording heads to
be used actuall Q%%ble If an ink jet recording head is

assenbled with the oresald by roduct_ yet t.o el i m nat it may cause
cl ogging of di scharglte ports. 3Y I% 4 ﬁror?é?sﬁmr?& é‘[%ﬁrsﬁ(?ﬁ‘lcg’e@e PV ided
additional ly 'fbcPrnfjeggLadé%tr én-te [AuGhr 120 AR M th a part of

| i ght energy being c verte herna energy, a Work piece may be

caused (0 expantifidiidd ﬁt?légsocesﬁféi'e@orteheﬁ% . DR Rl Ay G 0T K

pi ece tends to be partly Tused. Theretore, a  material having alhrgh gl ass
transitions poi Prfleds il elddlandd NG Inawraﬁrsoqgﬁ%hn%sp'stﬁqcﬁmul d be

used. Nevertheless, as described above, no fundanment al
having high ratio of heat transfer, and quartz and

glass having low light absorptance. Mainly, organic
resin materials can be processed by use of sublimating
ablation.

10 These have been unavoidable phenomena that may
take place when using excimer laser. Therefore,
various processing techniques have been proposed so
that these phenomena do not produce unfavorable
influences on the recording heads to be used actually.

15 For example, if an ink jet recording head is
assembled with the aforesaid by-product yet to be
eliminated, it may cause clogging of discharge ports.
Here, a processing step should be provided additionally
in order to remove the by-product.

20 Also, with a part of light energy being converted
into thermal energy, a work piece may be caused to
expand while it is processed or there is a fear that
the work piece tends to be partly fused. Therefore, a
material having a high glass transition point or a

25 material having a lower processing pitch should be
used.

Nevertheless, as described above, no fundamental



3 0 DEC 2003 5 solution has been given to any one of these techniques. The
actuality is, therefore, that various restrictions should be inposgg ﬂ@f?

| aser processing. On the other hand, for the ink jet recording head g 003
descri bed above, it has been required to provide highly precise imges in
recent years. For that matter, whereas the arrangenent density of 300 to
400 dpi  shoul d be good enough conventlona? Is now demanded to
provi de that of 600 dpi or as high as 1,200 10 dpi in recent years. Under
the circunstances, the arrangenent intervals of discharge ports and

di I I t
et remel | Soal o LR LS pedd bl R 367G qk MR BLAG MR o)
di aneter of 20 mo&c{ggfit;glg\éﬁ%e%a O\/eh%]e %qniqn@ qtgggglyaé%eg r the

exci mer | aser processing as come nore conspi cuous as the

process intervalg,Qfq PEOCERSosdH AFLE Ba RGC PR Wil g, there has begun a

limt in 20 using It for manhufacturing a head of such a highly preC|se

type as described eaghigfe dthddiSadeSPES cHd& Ayt qre%d}%erq]
recogni zed that the aforesaid phenonena are brought” about by t aser

abl ati on pgoCesss&er USed dabdiee 25119'55@‘6&&&&@&%%&’%& hb o PN Wy
represented by the exciner | aser, and assi duously made studies from'the
new poi nt of leﬁ\e@ﬁ@|ﬁﬁ@§ge{sfi’r€&'éd@m tshearGONVerdd aldlt matter,
whereas the arrangement density of 300 to 400 dpi
should be good enough conventionally, it is now
demanded to provide that of 600 dpi or as high as 1,200
10 dpi in recent years.

Under the circumstances, the arrangement intervals
of discharge ports and recording liquid flow paths
should be processed in higher precision at extremely
small intervals of 50 uym or less or in the extremely

15 small diameter of 20 pym or less.

However, since the phenomena observable for the
excimer laser processing as described above become more
conspicuous as the process intervals or process
diameters become smaller, there has begun a limit in

20 using it for manufacturing a head of such a highly
precise type as described earlier.

In this respect, the inventors hereof have
recognized that the aforesaid phenomena are brought
about by the laser ablation processing using the

25 ultraviolet laser which is typically represented by the
excimer laser, and assiduously made studies from the

new point of view completely free from the conventional



30DEC2003 6 art. As a result, the fundanental solution has been found to
elimnate these phenonena, and a revelational |aser ablation proces;iq&
techni que has been found, which can deal with the m croprocessing t 0:UtL 2003
makes 5 further progress fromnow on, and_which contributes to enhancing
the versatility of such technique. SUMVARY OF THE | NVENTI ON The present

I nvention is designed with -a viewto 10 solving the technical problens

di scussed above. It is an object of the invention to provide a |aser

processi ng net hod capabl e of -perf.qrm hi ghl.y reci se,processing
wi t hout creat i‘?’nrgt by- psr oadurceis,Ul [ Itg‘e pfl:l’g’\?aeén elngcéalf an éﬁrr_’é‘n Hal af ?Jr?eeri her mal

ener gy convert@%%r%[%ﬂq"j}%eteopﬁ{easté 37216%50“!,3 e(r)uplrdo essl fgéi%vq\q&lraii ng

accumrul ated on ece, such as'r using gt pi ece

or causing th %ﬁﬁ%?ﬁl ,]Qg% I .qvi d og f or

manuf act uri nge%a{r?élrnk ] e csr}{(;é)or [ rf’gsqh@g %s% \Gs?ug'ﬁ% g?&?‘ %roélgléis'si ng

met hod, as 20 wel LYK s s Totel o] Pﬂ%?% such

met hod of manu ac‘%hu?%rﬁlratédlls ‘Je{'ﬁ%}t her gg]de}g) 0 t%%ﬁl\%g{r?ﬁ gﬁﬂ@oé provi de a

| aser progessiAg-{RINGLSARAR &:Q0n RRAS YT NGa RHASES VoRd Wikt o g@! e and

easy steps when processing a 25 precise structural nenber forne
materials of pdHadcidd e edRdnawywed ik teebkikieces, and also, to

provi de a nmethod for manufacturing an ink jet recording 30 DEC 2003
SUMMARY OF THE INVENTION
The present invention is designed with & view to
10 solving the technical problems discussed above. It is
an object of the invention to provide a laser
processing method capable of performing a highly
precise processing without creating by-product, while
preventing fundamentally the thermal energy converted
15 during the operation of laser processing from being
accumulated on a work piece, such as resin, without
fusing the work piece or causing thermal expansion, and
also to provide a method for manufacturing an ink jet
recording head using such laser processing method, as
20 well as an ink jet recording head manufactured by such
method of manufacture.

It is another object of the invention to provide a
laser processing method capable of performing
processing with simple and easy steps when processing a

25 precise structural member formed by materials of plural
kinds to be provided for a work pieces, and also, to

provide a method for manufacturing an ink jet recording



7 head using such | aser processing nethod, as well as an ink jet recording
head manufactured by such nmethod of manufacture. Also, it is still ﬁ@ﬂ@gﬁ@m
object of the invention 5 to provide a |aser processing method whic e
it possible to sinplify the alignment step, and also, inplenent to

I ncrease the positional precision of the inner structural menber or the

li ke, while reducing the costs of manufacfure, anong sone others, and

al so, to 10 provide a nmethod for manufacturing an ink jet recording head
usi ng such | aser processing nethod, as well as an ink jet recording head
manuf actured by such nethod of nmanufacture. It is a further object of the
i nvention to prhRa@deising Hueh ckagenaxiarsing msthsbaldise wfllstasuctruri ng a
work piece to absorb the radiated energy of laser in order to attenpt the
enhancerment of PMocERSiTRFFIInG dirgd mamtf sy ed dypreovdhdenethag ol f or
manuf acturing an ink jet recording head using such | aser processing

met hod, 20 as W%@WU%EPéHF?nk jet recording head manufactured by such

met hod of manufacture, In order to achieve these objectives,, the present
i nvention provides tHhES?askl ‘p?o%‘é’s@i r‘?d‘ciél%d%Jﬁcr & r%‘t? iU ¥ | owi ng

par agr aphs fron%$é% tow§5643§%. [t als%ggé?vidqgggg_ t.hod for manufacturing
an ink jel rec & g RIS 9 5% {Iﬁb‘c’?‘n&azﬁ *and an ink
jet recording rﬁ%@%fﬁ&%”f%“é&ﬁ%&f%@ﬁ%ﬁﬁl%%%é%%g%t step, and also,

implement to increase the positional precision of the

inner structural member or the like, while reducing the

costs of manufacture, among some others, and also, to

10 provide a method for manufacturing an ink jet recording

head using such laser processing method, as well as an

ink jet recording head manufactured by such method of

manufacture.

It is a further object of the invention to provide

15 a laser processing method capable of structuring a work
piece to absorb the radiated energy of laser in order
to attempt the enhancement of processing efficiency,
and also, to provide a method for manufacturing an ink
jet recording head using such laser processing method,

20 as well as an ink jet recording head manufactured by
such method of manufacture.

In order to achieve these objectives, the present
invention provides the laser processing method
structured in the following paragraphs from (1) to

25 {48). It also provides a method for manufacturing an
ink jet receording head using such laser processing

methed, and an ink jet recording head manufactured by



8 such nmethod of manufacture. (1) A |laser processing nethod for performng
| aser ablation process on a work piece by radiating | aser beam on H@
wor k piece conprises the step of formng 5 sinultaneously a pIuraIit@ ﬁCZMB
process shapes arranged at a predetermined interval by use of |aser beam
of plural pulses having extrenely large spatial and tenporal energy
density radiated froma laser oscillator &s-the | aser beamoscillating at
the pulse 10 radiation tinme of one picosecond or less. (2) For the |aser
processi ng net hod described in the above paragraph (1), the material used
Is resin, Si, or Si conpound material. (3) A |aser processing nethod
conprises the sswps medthad chmarwfiaguwred irradiating with predet erm ned
energy density the |aser beam of plural pulses having |arge spatial and
tenporal energy densily & adisaedrfocsasing aedhask didr aesrf cowdind dtdsey at
the pulse radiation time of one picosecond or | ess onto a work piece
formed 20 by didhlaeinn ERPSF P2 tWFKkikigSobeEeiagddg dasedt m ng
subl imati ng processing of the different materials of two kinds or nore in
one and the samke¥? P Hreg@rkimiRteIRIiEey Ahersteaphef f83mifGbeessi ng

nmet hod described, i 25 t he abov aragraph (3), the rk piece used is
f or med bfdiff%%ﬁtt?%&%fs’rla}rsaé?ehfw}%Yn&f IFGSS IShaRFodEF" a4t e, and

then, the work gi': egepgesdé){gfrl?ignseeéj ibr}/tegrvoalDFbc}:r 7u%093 of laser beam of
plural pulses having extremely large spatial and
temporal energy density radiated from a laser
oscillator as the laser beam oscillating at the pulse
10 radiation time of one picosecond or less.
(2) For the laser processing mthod described in
the above paragraph (1), the material used is resin,
Si, or Si compound material.
(3) A laser processing method comprises the steps
15 of converging and irradiating with predetermined energy
density the laser beam of plural pulses having large
spatial and temporal energy density radiated from a
laser oscillator oscillating at the pulse radiation
time of one picosecond or less onto a work piece formed
20 by different materials of two kinds or more; and
performing sublimating processing of the different
materials of two kinds or more in one and the same step
almost simultaneously.
(4) For the laser processing method described in
25 the above paragraph (3), the work piece used is formed
by different materials of two Kinds or more in a bonded

state, and then, the work piece is processed by



- 9 sublimation al nost sinultaneously in one and the sane step w thout
creating warping. (5) For the |aser processing nethod described in _the
above paragraph (3), the different materials of two 5 kinds or mor & Oalftd 2003
formed by an arbitrary conbi nation of organic resin material, netallic
material, inorganic conpound material, glass material, mneral material,
and the like. (6) A laser processing nethod for performng |laser 10

abl ation processing by irradiating |aser beamto a work piece conprises
the steps of using | aser beam of plural pulses having extrenely |arge

spatial and te ral _energy density. radiated froma |aser il lator as the
| aser benas os?‘ﬂf%“ﬂ%ﬁl% ?ﬁ'éosbﬁjl%léﬂural}oqnaeﬁuosnl% e 6 gzﬁ'ee ﬁagrbesecond

or less to conv e | t q?ﬂ redet erm ned energy density inside
a transparent vé%%ﬁaékéﬁég%m g%%%ﬁ%c E%Jﬁﬂe | i ght wavel ength of the | aser

beam and processi ng(gr%gpr%%ila p_;br%gggsgg.‘?i %t}%@ RJASYPrQsessi ng

nmet hod for perform ng 1aser ation pro sing by irradiating | aser

beam to a work ¢y GOSN REPHY FF ERGL A IUF RS A KRt AL o Pl R
pul ses having extrenely large spatial and tenporal energy density radi ated

froma lasgr osgidd@téF msrd Nere | RSP IHMAS Grididiray dontigdlcre of
radi ation tine of 25 one picosecond or l'ess to be passed through an al nost

transparent mat@fdahid A)estid ndsped, meddaild ahiterawal engidrinitdie | aser
beam having lower light 3 0 0 E C 2003
compound material, glass material, mineral material,
and the like.
(6) A laser processing method for performing laser
10 ablation processing by irradiating laser beam to a work
piece comprises the steps of using laser beam of plural
pulses having extremely large spatial and temporal
energy density radiated from a laser oscillator as the
laser bemas oscillating at the pulse radiation time of
15 one picosecond or less to converge beam with more than
predetermined energy density inside a transparent work
piece with respect to the light wavelength of the laser
beam; and processing the work piece by sublimation.
{7} A laser processing method for performing laser
20 ablation processing by irradiating laser beam to a work
piece comprises the steps of using laser beam of plural
pulses having extremely large spatial and temporal
energy density radiated from a laser oscillator as the
laser beam oscillating at the pulse radiation time of
25 one picosecond or less to be passed through an almost
transparent material (A) with respect to the light

wavelength of the laser beam, having lower light



- 10 absorptance, and radiating the | aser beamon a material (B)
positioned inside the work piece, having higher |ight absorptance with
respect to the Iight wavel ength of the |aser beamthan that of thed 0 DEC 2003
material (A); and 5 processing the material (B). (8) For the |aser

processi ng net hod described in the above paragraph (6), when a structural
menber is processed by sublimtion insideéQ0a-work piece, a discharge port
is formed in advance to discharge to the 10 outside the by-product created
by sublimation and evaporation caused by the processing the structural
menber is processed. (9) For the | aser processing nethod described in the
above par agr apreRisirpteree,t ads traddtadrialg mhebdases beimpoocesgedertilals
menber is processed in a position close to the discharge port. (10) For
the | aser procdssi mpsistivokddswiidee dhien woakt péecene halr inige hdlgbwes
paragraphs (1) to (9), when processing is perforned, the work piece is

col ored by 20 rliighty abseitanged e thoresipesitbiteg they diahdgt Wavielendgddmai n
corresponding to the oscillating wavel ength of the |aser beam and
processed. (11)0frH€13Ad\Peﬁ9éfn¢ﬁ@“bftllar‘Peqhé’g:ebeé§ﬁ e tRriRiln () :d&M& n of 350
to 1000 nmfor the |aser processing 25 nethod described in either one of
the above Dar agissing the MaPer1@eL2) Blor a | aser processing net hod

described in 30 DEC(%QP%br the laser processing method described in

the above paragraph (6), when a structural member is
processed by sublimation inside a work piece, a
discharge port is formed in advance to discharge to the

10 outside the by-product created by sublimation and
evaporation caused by the processing the structural
member is processed.

(9) For the laser processing method described in
the above paragraph (8), when the structural member is

15 processed, this member is processed in a position close
to the discharge port.

(10) For the laser processing method described in
either one of the above paragraphs (1) to (9), when
processing is performed, the work piece is colored by

20 mixing therein a dye for absorbing wavelength in a
domain corresponding to the oscillating wavelength of
the laser beam, and processed.

(11) The wavelength of the laser beam is within a
domain of 350 to 1000 nm for the laser processing

25 method described in either one of the above paragraphs
(1) to (10).

(12) For a laser processing method described in



- 11 either one of the above paragraphs (1) to (11), the pulse radiation
time of the |laser beamis set at 500 fentoseconds or less. (13) For_ a

| aser processing nethod described in 5 either one of the above par a8 8p6$003
(1) to (11), the laser oscillator is the one which is provided with a
spatial conpression device for propagating beam (14) For a | aser

processi ng net hod described in the abogelaatagraph (13), the spati al
conpression 10 device for propagating beam conprises chirping pul se
generating nmeans and | ongi tudi nal node synchronous neans utilizing |ight
wavel ength di spersion characteristics. (15) For the | aser processing

nmet hod descri beéjiﬁ ]Dﬁ,bé fo %%vedbweag%g%%ﬁggs C(E- e 3P tlilal’sgtqggéressi on

devi ce for propagé?%%g eam i s structu rping p nerating

reans and the 1,a0gld Udigiales pdaRY RETROUS B! Blebd (LG o | ght

wavel ength di aracteristic of diffraction phase grating. 20 (16)

A method for magfasdddddds &y ilded et recording head having a nmenber for
formng at least a part of ink passage for ink to flow to be processed by

| aser beam provided 4§ rdih 4 Nl GIRIGRANG rethoddie A B ik
dropl et adhering to a recording nedium 25 a |1 quid chanber for retaining

ink to be suppldfghd® odd&dighang PPdragaphK (fiowpatih )corgrani cat ed
with the discharge port and the |iquid chanber; an energy 3 0 DEC 2003
laser oscillator is the one which is provided with a
spatial compression device for propagating beam.
{14) For a laser processing method described in

the above paragraph (13), the spatial compression

10 device for propagating beam comprises chirping pulse
generating means and longitudinal mode synchronous
means utilizing light wavelength dispersion
characteristics.

(15) For the laser processing method described in

i5 the above paragraph (13), the spatial compression
device for propagating beam is structured using
charping pulse generating means and the longitudinal
mode synchronous method utilizing the light wavelength
dispersion characteristic of diffraction phase grating.

20 (16} A method for manufacturing an ink jet
recording head having a member for forming at least a
part of ink passage for ink to flow to be processed by
laser beam, provided with an ink discharge port for
discharging ink droplet adhering to a recording medium;

25 a liquid chamber for retaining ink to be supplied to
the discharge port; an ink flow path communicated with

the discharge port and the liquid chamber; an energy



- 12 generating elenent arranged for a part of the ink flow path for
generating energy for discharging ink; and an ink supply port for
supplying ink fromthe outside into the liquid chanber, conprises élgeﬂgtzgfﬁ
of formng 5 recessed portion becom ng a part of the ink passage or

t hrough hol e by use of |aser beam of plural pulses having extrenely |arge
spatial and tenporal energy density radi aed froma |aser oscillator as
the laser beamoscillating at the pulse radiation tinme of one 10

pi cosecond or less. (17) For the method for manufacturing an ink jet
recordi ng head described in the above paragraph (16), the recessed portion
or through hol egethecotnimy algenit afrardpged opas sage arfe thay nigdk ifilgpt ur al
nunbers at a 15 predetermi ned pitch sinmultaneously by radiating | aser beam
through a mask pavi nfpplgerngrapard eperfgy sy dischangida dmif:nehd @rte.

(18) For the nethod for manufacturing an ink jet recording head descri bed
in the above pat@lgreppriuaonty o0 SUPHLYine idhifaoT o My tdideddtta part
of the ink passage is fornmed by resin. (19) For the nethod for

manuf act uri ng afnN® nkigetd FRARRRER nF R TS dMSDH &Fath Ahe BN par agr aph
(16) or (17), the nmenper form at | east a part_of the ink 25 passage is

formed by Z; or*&reey R 1Rt AT RR0) t 19 Whs Hok B fHct uri ng
ggog“k jet  recgr ding, Nesfh 485 UdPE IThlld et P RARS 0 DEC
having extremely large spatial and temporal energy
density radiated from a laser oscillator as the laser
beam oscillating at the pulse radiation time of one
10 picosecond or less.
(17) For the methoed for manufacturing an ink jet
recording head described in the above paragraph (16),
the recessed portion or through holes becoming a part
of the ink passage are formed in plural numbers at a
15 predetermined pitch simultaneously by radiating laser
beam through a mask having plural openings formed at a
predetermined space.
(18) For the method for manufacturing an ink jet
recording head described in the above paragraph (16) or
20 (17), the member forming at least a part of the ink
passage is formed by resin.
{19) For the method for manufacturing an ink jet
recording head described in the above paragraph (16) cor
(17), the member forming at least a part of the ink
25 passage is formed by Si or S5i compound material.
(20) For the method for manufacturing an ink jet

recording head described in either one of the above



- 13 paragraphs (17) to (19), the recessed portion is a groove becom ng
the ink flow path. (21) For the nethod for manufacturing an ink jet
recording head described in either one of the above 5 paragraphs (1¥) DEQ 2003
(19), the through hol e becones the discharge port. (22) A nmethod for

manuf acturing an ink jet recording head having a nmenber for form ng at

| east a part of ink passage for ink to-fhgw-to be forned by 10 different
materials of two kinds or nore, the nenber formed by different materials
of two kinds or nore being processed by | aser beam provided with an ink
di scharge port for discharging ink droplets adhering to a recordi ng nmedi um
a |liquid chanbgradayrapmisai(ni?g tonk 1915 thebeecsuppkidegotr@ibhe idi schar ge
port; an ink flow path comunicated with the discharge port and the |iquid
chanber; an enengowenacining aehendmk #loangadhf.or a part of the ink flow
path for generating energy for discharging ink; and an ink supply port for
supplying 20 ink frdllhdautdiedadtod tfloe haguifdctharbgr ancampr ijees t he
step of processing the nenber formed by different materials of two kinds
or nore by subldenstidimalhesst desionibedndoueliyhen one afidtheeabawe step by
use of |aser beamof plural pulses having extrenely |arge spatial 25 and

t enpor al éner gyar@®EiaRhs ddi7at &@ (Ldm-a thes &Ehroygh P&?ogeSE@“‘Pﬁetlhﬁser beam

oscillating at the pulse radiation tine of one picosecond or less. 3 0 DEC
2003 discharge port.

(22) A method for manufacturing an ink jet

recording head having a member for forming at least a
part of ink passage for ink to flow to be formed by

10 different materials of two kinds or more, the member
formed by different materials of two Kinds or more
being processed by laser beam, provided with an ink
discharge port for discharging ink droplets adhering to
a recording medium; a liquid chamber for retaining ink

15 to be supplied to the discharge port; an ink flow path
communicated with the discharge port and the ligquid
chamber; an energy generating element arranged for a
part of the ink flow path for generating energy for
discharging ink; and an ink supply port for supplying

20 ink from the outside into the liguid chamber, comprises
the step of processing the member formed by different
materials of two kinds or more by sublimation almost
simultaneously in one and the same step by use of laser
beam of plural pulses having extremely large spatial

25 and temporal energy density radiated from a laser
oscillator as the laser beam oscillating at the pulse

radiation time of one picosecond or less.



- 14 (23) For the nethod for manufacturing an ink jet recording head
described in the above paragraph (22), the nenber formed by different
materials of two kinds or nore is structured in a bonded state 5 0 DEC 2003
constituting at 5 least a part of ink passage of an ink jet recording
head, and processed by sublimation al nost sinultaneously in one and the
sane step without creating warping. (24)1kor the nethod for manufacturing
an ink jet 10 recording head described in the above paragraph (22) or
(23), the different materials of two kinds or nore are an arbitrary

conmbi nation of organic resin material, netallic material, inorganic
conpound material, JlZzEs Fomtigid alethadndoal mamu€picardng e inkkgetl5 (25)
A nmet hod for manufacturing an ink jet recording head having a nenber for
form ng at | eastecrdiarg hefad nlegrasidege ihorthenlebbeef bawageapd f(@2ded in a
transparent ink flow path formati on nmenber and processed by | aser beam
provi ded with arhe mentiescfomped 2y ddiftf efrentd madkargilisg oifnKwdr dilngltss
adhering to a recording nedium a liquid chanber for retaining ink to be
supplied to thedirettarige gfgructuned do A bangedh stadencensatidd tiingh athe

di scharge port and the liquid chanber; an energy generating el ement
arranged for a ®Epsfara Y I ik Passagset wif on g@%eﬂéfti FGTOFESAGP f or

di scharging ink; and an_ink supply port for supplying ink fromthe outside
into the |iqui %3k , E&S}ﬁﬂ'ﬁS@é‘iQy Gubgdmagdon almost

simultaneously in one and the same step without
creating warping.
(24) For the method for manufacturing an ink jet

10 recording head described in the above paragraph (22) or
(23), the different materials of two Kinds or more are
an arbitrary combination of organic resin material,
metallic material, inorganic compound material, glass
material, mineral material and the 1like.

15 (25) A method for manufacturing an ink jet
recording head having a member for forming at least a
part of ink passage for ink to flow to be formed in a
transparent ink flow path formation member and
processed by laser beam, provided with an ink discharge

20 port for discharging ink droplets adhering to a
recording medium; a liguid chamber for retaining ink to
be supplied to the discharge port; an ink flow path
communicated with the discharge port and the liquid
chamber; an energy generating element arranged for a

25 part of the ink flow path for generating energy for
discharging ink; and an ink supply port for supplying

ink from the outside into the liquid chamber, comprises



- 15 the steps of using | aser beam of plural pulses having extrenely

| arge spatial and tenporal energy density radiated froma |aser osciLl IDaEtor
as the laser beam oscillating at the pulse radiation tine of one 5 0 0tC 2003
pi cosecond or less to converge beamw th nore than predeterm ned energy
density inside the transparent ink flow path formation nmenber with respect
to the light wavelength of the | aser beams and processing an ink flow
path and others by sublimation. 10 (26) A nethod for nmanufacturing an ink
jet recording head having a nenber for formng at |least a part of ink
passage for ink to flowto be formed by a substantially transparent
material (A havhegsteps |lofyhisirapslEgsraneanofofl gderrdieaml sasd haaviaiger i al

(B) having 15 higher |ight absorptance than that of the material (A) and
posi tioned i nsiekteendik lpwge, spatlalr coek dJedhdoralt leedrgye dem=sddassi ng

met hod, provided with an ink discharge port for discharging ink droplets
adhering to a ratihofradianasen iqpiid latarmas fide dassmibegn nk 20 to
be supplied to the discharge ports; an ink flow path comrunicated with the
di scharge port esrilleting it thehandae madiatdogy tgaweodt iong el emrent
arranged for a part of the ink flow path for generating energy for

di schar gi Ny i nkP1GRRPENG M WSt EDSIANVESIIEs lFMy iwid he ;anek t he
outside into the |jquid chapber, rises the steps of usi ngr | aser kbeam

co
of plural pul seRFHRFFIEIEL ST | tSpdfisddeadde qhFoEn dy?

density SODEczqgim:path formation member with respect to the light

wavelength of the laser beam; and processing an ink
flow path and others by sublimation.

10 (26) A method for manufacturing an ink jet
recording head having a member for forming at least a
part of ink passage for ink to flow to be formed by a
substantially transparent material (A) having low light
absorptance of laser beam, and a material (B) having

15 higher light absorptance than that of the material (A)
and positioned inside a work piece, and processed by
the laser processing method, provided with an ink
discharge port for discharging ink droplets adhering to
a recording medium; a liquid chamber for retaining ink

20 to be supplied to the discharge ports; an ink flow path
communicated with the discharge port and the liquid
chamber; an energy generating element arranged for a
part of the ink flow path for generating energy for
discharging ink; and an ink supply port for supplying

25 ink from the outside into the liquid chamber, comprises
the steps of using laser beam of plural pulses having

extremely large spatial and temporal energy density



- 16 radiated froma laser oscillator as the | aser beam oscillating at
the pulse radiation tinme of one picosecond or |ess to pass beamthe
material (A) having |ow |light absorptance of the |aser beam and Q?@pgﬁﬁw?
beam on the material (B) having higher |ight absorptance than that

material (A) and positioned inside the work piece; and processing the
material (B) by sublimtion. (27) For the,gethod for manufacturing an ink
jet 10 recording head described in the above paragraph (25) or (26), when
the ink flow path and others are processed, a discharge port is fornmed in
advance to discharge to the outside the by-product created by the

sublimation and,¥apAld Z&tdPh Afaddie JHRAATHIIT asARbhel N@Rert Bodrk 15 flow
path and others are processed. (28) For the nethod for nanufacturing an ink

jet recording head desald had ﬂlﬂa %@%Mﬂa{ kel 28 onehen the ink

fl ow path and others are processe ink flow path and ot her are

processed in a PRsdddBhEdLl10s) o i diveEhange Rafder iGA9) AROhakifgret hod
for manufacturing an ink jet recording head described in either one of the

above paragraphse (light GHsthptdrite: W khe aesears beamgr ecthdoyadiiateng
therein a dye for absorbing wavel ength in a 25 domain corresponding to the

oscillating wavsdangirh tfe odtediater( Hjedrav iagd higbesesdddht( 30) For the
met hod for manufacturing an ink jet 3 0 BE C 2003
absorptance than that of the material (A) and
positioned inside the work piece; and processing the
material (B} by sublimation.
{(27) For the method for manufacturing an ink jet
10 recording head described in the above paragraph (25) or
(26), when the ink flow path and others are processed,
a discharge port is formed in advance to discharge to
the outside the by-product created by the sublimation
and vapcrization of the processing, and then, the ink
15 flow path and others are processed.

{28) For the method for manufacturing an ink jet
recording head described in the above paragraph (27),
when the ink flow path and others are processed, the
ink flow path and other are processed in a position

20 close to the discharge port.

(29) For the method for manufacturing an ink jet
recording head described in either one of the above
paragraphs (16} to (28), the work piece is colored by
mixing therein a dye for absorbing wavelength in a

25 domain corresponding to the oscillating wavelength of
the laser beam, and processed.

(30) For the method for manufacturing an ink jet



- 17 recording head described in either one of the above paragraphs (16)
to (29), the wavelength of the laser beamis wthin a domain of 350 to
1000 nm (31) For the nethod for manufacturing an ink jet 5 recordd@dE6S803
described in either one of the above paragraphs (16) to (30), the pul se
radiation tine of the |laser beamis 500 fentoseconds or less. (32) For the
met hod for manufacturing an ink jet recorging head described in either one
of the above 10 paragraphs (16) to (31), the laser oscillator is a |aser
oscillator provided with a spatial conpression device for propagating
beam (33) For the nethod for manufacturing an ink jet recording head

described in theahyehPHAH RsdriBed PP ditheIP3NAl £CUHY &33) QN devi ce

for propagating beam conprises chirping pul se generating nmeans and

| ongi tudi nal nosler SHFREHLNOUS) RAN I, e RgVd1@ig thwae lkgrgtih slirsper si on
characteristics. (34) For the nethod for manufacturing an ink jet 20

recordi ng head wieserided tHid e aMe P apmaps (132D, nni.he spati al
conpressi on device for propagating beamis structured using charping pul se
generating nmeans and 31hedongid uditiald fade mepndacamed signeinhdehkutjidd zi ng
the 1ight wavel ength di spersion characteristic of 25 diffraction phase
grating. (385) Arecoddired hestbrddisuy idgmphriat ed theri ogea ofmehigeabiove f or m ng
at least a part of ink passage to be 3 0 DEC 2003

paragraphs (16) to (30), the pulse radiation time of

the laser beam is 500 femtoseconds or less.

(32) For the method for manufacturing an ink jet

recording head described in either one of the above

10 paragraphs (16) to {31), the laser oscillator is a
laser oscillator provided with a spatial compression
device for propagating beam.

(33) For the method for manufacturing an ink jet
recording head described in the above paragraph (32),

15 the spatial compression device for propagating beam
comprises chirping pulse generating means and
longitudinal mode synchronous means utilizing light
wavelength dispersion characteristics.

(34) For the method for manufacturing an ink jet

20 recording head described in the above paragraph (32),
the spatial compression device for propagating beam is
structured using charping pulse generating means and
the longitudinal mode synchronous method utilizing the
light wavelength dispersion characteristic of

25 diffraction phase grating.

{35) An ink jet recording apparatus having a

member for forming at least a part of ink passage to be



- 1.8 processed by |l aser beam provided with an ink discharge port for

di scharging ink droplets adhering to a recording nedium a liquid anggaﬁg
for retaining ink to be supplied to the discharge port; an ink flo 083
comuni cated with the discharge port and the liquid chanber; an energy
generating el enent arranged for a part of the ink flow path for generating
energy for discharging ink; and an ink.sggpLy port for supplying ink from
the outside into the Iiquid chanber, conprises 10 a recessed portion or

t hrough hol e becomng a part of the ink passage, to be forned by use of

| aser beam of plural pul ses having extrenely |arge spatial and tenporal
ener gy density praticaised y0Maddraseiam, opeokidedr watht he liakedikeddrge

oscillating at the pulse 15 radiation time of one picosecond or |ess. (36)
For the ink jetporecdal /iy dutatgdescinkedrioplethe adbevengaragaaph (35), the
recessed portion or through hole becom ng a part of the ink passage are
formed i n pl ur alequmtiers wetd ianpr ed dtiguiidn ethapbeehEer2@eshimli hgndols [ty by
radi ati ng | aser beam through a mask having plural openings forned at a
predeterm ned h® txuimeElig@B 7o Fhe dischakgeeporécondi ngkh&ddwdesdhi bed in
t he above paragraph (35) or (36), the nenber formng at 25 |least a part of
t he i nk passagedmnungiapdedyirtdsithe @38rhByget peritnkngdettheeddrndildg head
described in either one of the above paragraphs (35) to (37), the 3 0 DEC
2003 chamber; an energy generating element arranged for a
part of the ink flow path for generating energy for
discharging ink; and an ink supply port for supplying
ink from the outside into the liguid chamber, comprises
10 a recessed portion or through hole becoming a part of
the ink passage, to be formed by use of laser beam of
plural pulses having extremely large spatial and
temporal energy density radiated from a laser
oscillator as the laser beam oscillating at the pulse
15 radiation time of one picosecond or less.
(36) For the ink jet recording head described in
the above paragraph (35), the recessed portion or
through hole becoming a part of the ink passage are
formed in plural numbers at a predetermined pitches
20 simultaneously by radiating laser beam through a mask
having plural openings formed at a predetermined
pitches.
{37) For the ink jet recording head described in
the above paragraph (35) or (36), the member forming at
25 least a part of the ink passage is formed by resin.

(38) For the ink jet recording head described in

either one of the above paragraphs (35) to (37), the



- 19 nenber formng at |least a part of the ink passage is fornmed by Si or
Si conmpound material. (39) For the ink jet recording head described in

ei ther one of the above paragraphs (36) to (38), the 5 recessed pordt0 BEC 2083
a groove becomng the ink flow path. (40) For the ink jet recordi ng head
described in either one of the above paragraphs (36) to (39), the through
hol e beconmes the discharge port. 10 (41) A Lnk jet recording head having a
menber for formng at |east a part of ink passage to be fornmed by

different materials of two kinds or nore, the nenber fornmed by different
materials of two kinds or nore being processed by | aser beam provided

Wi th an ink 15 nilinfdiar@amieid afton ediskChaparity ofnkher apkepasadler ijkg to a
recording medium a liquid chanber for retaining ink to be supplied to the
di scharge port ;famddkyf Isdwoatsi compaunidc abeerwallh t he di scharge port and
the liquid chanber; an energy generating element arranged for a 20 part of
the ink flow path fq@aerratiheg iekerjgt frecordisghaegidngelsaltibadd ian i nk
supply port for supplying ink fromthe outside into the |iquid chanber,
conprises the atsiieer dmayiafg tthel aboeet peateraghs (B6Hwaoki(B889 ,0rthenor e
processed by sublimation al nost sinultaneously in 25 one and the sane step
by use of 3 aserrdwesmaedt poirdrigin igulas @gobaei hgecortngnthye liakgdlopati al and

t enpor al energy1g$nsity radiated froma | aser oscillator as the 30 DEC
2003 path.

(40) For the ink jet recording head described in
either one of the above paragraphs (36) to (39), the
through hole becomes the discharge port.

10 (41) An ink jet recording head having a member for
forming at least a part of ink passage to be formed by
different materials of two kinds or more, the member
formed by different materials of two kinds or more
being processed by laser beam, provided with an ink

15 discharge port for discharging ink droplets adhering to
a recording medium; a liquid chamber for retaining ink
to be supplied to the discharge port; an ink flow path
communicated with the discharge port and the liquid
chamber; an energy generating element arranged for a

20 part of the ink flow path for generating energy for
discharging ink; and an ink supply port for supplying
ink from the outside into the liguid chamber, comprises
the member having different materials of two kinds or
more processed by sublimation almost simultaneously in

25 one and the same step by use of laser beam of plural
pulses having extremely large spatial and temporal

energy density radiated from a laser oscillator as the



- 20 laser beamoscillating at the pulse radiation tine of one picosecond
or less. (42) For the ink jet recording head described in the above:‘

par agraph (41), the nenber fornmed by 5 different materials of two ki deQEQ)WlH
nore is structured in a bonded state constituting at |east a part of ink
passage of an ink jet recording head, and processed by sublinmation al nost
sinul taneously in one and the sane step W% kout creating warping. 10 (43)
For the ink jet recording head described in the above paragraph (41) or
(42), the different materials of two kinds or nore are an arbitrary

conbi nation of organic resin materjial, nmetallic material, inorganic
conpound mat er i ¥@sey kRam REEH ALing af ddea P e medisgden fdmg 1f  (44)
An ink jet recording head having a nmenber for formng at |east a part of

i nk passage to PRe fRFFRILTIND L% dfiftarent ink flow path formation menber
and processed by laser. beam_ provided with an ink discharge 20 port for

di schargi ng i nk dr opi 44 5 ERfhé lengmc}'b Jet rr(,?ft?rrd%ﬁ?@ rlf’&ﬂdur‘f]ﬁ hy dthanber
conmuni cat ed i VP (TR ¥ ARG b bind s TR TS A an eher oy
Gener ati ne® enor gy For BT Ty 4 bt ng? ok RSSbIy BT o=
;ggg' ying ink fromghe outside i diNGdi g4 GRaAthery GQPdsesd 0 DEC
passage of an ink jet recording head, and processed by
sublimation almost simultaneously in one and the same
step without creating warping.

10 (43) For the ink jet recording head described in
the above paragraph (41) or (42), the different
materials of two kinds or more are an arbitrary
combination of organic resin material, metallic
material, inorganic compound material, glass material,

15 mineral material and the 1like.

(44) An ink jet recording head having a member for
forming at least a part of ink passage to be formed in
a transparent ink flow path formation member and
processed by laser beam, provided with an ink discharge

20 port for discharging ink droplets adhering to a
recording medium; a liquid chamber for retaining ink to
be supplied to the discharge port; ink flow path
communicated with the discharge port and the liquid
chamber; an energy generating element arranged for a

25 part of the ink flow path for generating energy for
discharging ink; and an ink supply port for supplying

ink from the outside into the liquid chamber, comprises



- 21 the nenber processed by sublimation by use of |aser beam of plural
pul ses having extrenely large spatial and tenporal energy density radi ated
froma laser oscillator as the | aser beamoscillating at the pul se &0 DEC 2003
radi ation tinme of one picosecond or less to be converged with nore than
predeterm ned energy density inside the transparent ink flow path
formation nmenber wth respect to the |i~gRRl wavel ength of the | aser beam
(45) An ink jet recording head having a nenber for 10 form ng at |east a
part of ink passages to be fornmed by a substantially transparent nmateri al
(A) having low |ight absorptance of |aser beam and a material (B) having
hi gher |ight abdw mewmisy tirocdssed o tSwhlimatdonaby( Aseand peasieri oned

i nside a work piece, and 15 processed by the | aser processing nethod,

provi ded with Raam i dlsdml gullises heodng savaegedy ilarger gpadtial adheri ng
to a recording nedium a liquid chanber for retaining ink to be supplied
to the di schar gpdramPospl igfleddvoRepeiftye sasifitest @omi ©h 1@serdi schar ge
port and 20 the |iquid chanber; an energy generating elenent arranged for
a part of the iHEHIATPaETF e JafeTabiSRg’ cordldyptreg dits&hsr §§S nk; and
an ink suggly port. for supplying ink fromthe outside into the liquid
chanber, onpridEatipn r‘rbﬁ?%epfp%@e%gﬁ’swoé‘gbpffrr&faﬁﬁn ey bEse of 25 |aser

beam of plural pul ses vi,ng extrenely | arge spatial. and tenporal, energy
densi ty radi at SPTIORE HiddeMogse TR 6 CHE tERELPESCFIFEEH BEGTHL i ng at

the 30DEC2003 inside the transparent ink flow path formation member
with respect to the light wavelength of the laser beam.
(45) An ink jet recording head having a member for
10 forming at least a part of ink passages to be formed by
a substantially transparent material (A) having low
light absorptance of laser beam, and a material (B)
having higher light absorptance than that of the
material (A} and positioned inside a work piece, and
15 processed by the laser processing method, prowvided with
an ink discharge port for discharging ink droplets
adhering to a recording medium; a liquid chamber for
retaining ink to be supplied to the discharge port; an
ink flow path communicated with the discharge port and
20 the liquid chamber; an energy generating element
arranged for a part of the ink flow path for generating
energy for discharging ink; and an ink supply port for
supplying ink from the outside into the liquid chamber,
comprises the member processed by sublimation by use of
25 laser beam of plural pulses having extremely large
spatial and temporal energy density radiated from a

laser oscillator as the laser beam oscillating at the



- 22 pulse radiation tinme of one picosecond or less to be passed through
the material (A) having low light absorptance of the | aser beam and
radi ated on the material (B) having higher Iight absorptance than thhfE&2003
of the material (A) and positioned inside the work piece. (46) For the ink
jet recording head described in the above paragraph (44) or (45), when the
ink flow path and others are processed,- &2di-scharge port is 10 fornmed in
advance to discharge to the outside the by- product created by the
sublimati on and vaporization of the processing, and then, the ink flow
path and others are processed. (47) For the ink jet recording head
described in 1Bulse =ddiation dugimplof 48)e pitmsadund mkr flems pat foeand
others are processed, the processing thereof is performed in a position
close to the diB$eedctipopugh the)marariadk (At hesdovadiley Hearhtdescri bed in
ei ther one of the above pa[fg?raphs (35) to (47) further 20 conprises a
menber col or ed INSHFRIF-S He e dLaRRT famam,aieaeh Biatd af@deloengtie in a
dormai n correspondin ,tocéabe oscill.ating wavel eré%th of the | aser beam and
processed. 25 BRFEBESCH PHARTS: Mgh SpEPpRCe ghapc thiy and 1E
%rE(é \Zlbg\é\s_gw;gChof S%‘eerrmaat\tl:ecraiall]y (Iplg)l uasr}c{ aéo(asi ircra%te Odlrjsoirdeprt%%esw%rrllcg I nk 30
piece.
{46) For the ink jet recording head described in
the above paragraph (44) or (45), when the ink flow
path and others are processed, a discharge port is
10 formed in advance to discharge to the outside the by-
product created by the sublimation and vaporization of
the processing, and then, the ink flow path and others
are processed.
(47) For the ink jet recording head described in
15 the above paragraph (46), when the ink flow path and
others are processed, the processing thereof is
performed in a position close to the discharge port.
(48) The ink jet recording head described in
either one of the above paragraphs (35) to (47) further
20 comprises a member colored by mixing therein a dye for
absorbing wavelength in a domain corresponding to the

oscillating wavelength of the laser beam, and

processed.

25 BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A, 1B, 1C, 1D and l1lE are views which

schematically illustrate a method for processing ink



di scharge ports of an ink jet recording head in accordance with a first
enbodi nent of the present invention. Figs. 2A 2B, 2C, 2D and 2E are views
which 5 schematically illustrate the nethod for processing ink di SCMUB@ZUUJ
ports of an ink jet recording head in aggordance with the conventi onal
exanple to be conpared wth the first "eftodinent. Fig. 3 is a view which
schematically shows the 10 optical systemof a |aser processing apparatus
in accordance with a first enbodi nent of the present invention. Figs. 4A

4B, 4C d 4D ' whi.ch i)l ustrat th t f [
cantil e\ellgr to Se?%%ﬁeﬁm%&ﬁtgsd dgl?ﬁﬁrq?{asgrt ﬁ%&%@?@?\%’g qepr?rdgglg}sn%g%cg with a

second enbodi nent of_ .the present_.invention.. Figs. 5F and 5G are views
whi ch il | ustrat e s é‘g]st 2 &’6@&&%‘?&%’%@&&?@%@% in Figs.4A,
4B, 4C and 4Djjl{1,eg}c§\tciocggance with the second enbodi nent 20 of the present
I nvention. Fids. , and 6C are views which illustrate the steps of

processi ng the ink Pcygs_:f[:hajpge %r?%’t %Db%]pdm%@ﬁa%t WiedPY,Hi@§er Processing
enbodi e

in accordance with a~third nt of the present 1 nvention. 25 Figs.

7A, 7B angl 7C Qiifand M WY GN 1idd i sideatihel %th%berf%rofprwc%%%&%gnqnwe I nk
flow paths and an ink [liquid chanber to be manufactured by | aser
processing 3 Qildrn=2Y3 pordd of an ink jet recording head in
accordance with the conventional example to be compared
with the first embodiment.

Fig. 3 is a view which schematically shows the

10 optical system of a laser processing apparatus in
accordance with a first embodiment of the present
invention.

Figs. 4A, 4B, 4C and 4D are views which illustrate
the steps of processing a cantilever to be manufactured

i5 by laser processing in accordance with a second
embodiment of the present invention.

Figs. 5E, 5F and 5G are views which illustrate the
steps of processing the cantilever shown in Figs.4A3,
4B, 4C and 4D in accordance with the second embodiment

20 of the present invention.

Figs. 6A, 6B and 6C are views which illustrate the
steps of processing the ink discharge ports to be
manufactured by laser processing in accordance with a
third embodiment of the present invention.

25 Figs. 7A, 7B and 7C are views which illustrate the
steps of processing the ink flow paths and an ink

liquid chamber to be manufactured by laser processing



I n accordance with a fourth enbodi nent of the present invention. Figs. 8D
and 8E are views which illustrate the steps of processing in Contigﬁﬁ&kfﬁl
of the processing 5 steps shown in Figs. 7A, 7B and 7C in accordan 03
the fourth enbodi ment of the present inveption. Fig. 9 is a view which

il lustrates a nethod of |aser inner processing in accordance with a fifth
enbodi nent of the present invention. 10 Figs. 10A and 10B are vi ews which
illustrate the principal part of ink discharge portion for a plane

di sch t . ' ' i ' I d
and forned by TheTASeaRigulldy SR bR of W MR e

enbodi ment of fhe., resent invention;, Fig. 10A is the view of the
principal part of the ink discharge portion for the plane type ink jet

recording head, obseiyed g ond e MK AL uihResrdid-thdB i s a
cross-sectional view taken in line 10B - 10B in Fig. 10A. 20 Figs. 11A and

11B are views yugd df | pisddedLiriein RIGMGIARRAILIRA lofOftHeNlprYeefiaige portion
for a YMC color <circulating nozzle type ink jet recording head having the

i nk flow pat hssgume afs®eh airtl Fiysed Dy THarnd@ e impeersdditdmeiigd in
accordance with a sixth enbodi mrent 25 of the present invention; Fig. 11Ais

a plan view oftl febgeh feisdiineaiaral nhd ypedank jielveradendi ng head; Fig.
11B is a sectional view which is indicated by arrows, 30 DEC2003 - 25
Fig. 9 is a view which illustrates a method of
laser inner processing in accordance with a fifth
embodiment of the present invention.

10 Figs. 10A and 10B are views which illustrate the
principal part of ink discharge portion for a plane
discharge type ink jet recording head having the ink
flow paths processed and formed by the laser processing
method in accordance with the fifth embodiment of the

15 present invention; Fig. 10A is the view of the
principal part of the ink discharge portion for the
plane type ink jet recording head, observed from the
ink discharge surface; Fig. 10B is a cross-sectional
view taken in line 10B - 10B in Fig. 10A.

20 Figs. 11lA and 11B are views which illustrate the
principal part of ink discharge portion for a YMC color
circulating nozzle type ink jet recording head having
the ink flow paths processed and formed by the laser
processing method in accordance with a sixth embodiment

25 of the present invention; Fig. l1llA is a plan view of an
edge face discharging type ink jet recording head; Fig.

11B is a sectional wview which is indicated by arrows,



taken on the position 11B - 11B in Fig. 11A. Figs. 12C and 12D are the
sectional views indicated by arrows, taken on the positions 12C - 13@@(&
12D - 12D in Fig. 11A, respectively. 5 Fig. 13 is a view which il Iustratg@
a |laser processing nmethod in accordance with a seventh enbodinment of the
present invention. Figs. 14A and 14B are views which illustrate the
principal part of ink discharges for a pl @&e-di scharge 10 type ink jet
recordi ng head having the ink flow paths processed and fornmed by the | aser
processing nmethod in accordance with the seventh enbodi nent of the present
i nvention. Fig. 15 is a view which schematically shows the 15 nask pattern
proj ection optitfesydt thoPEiER 1157 ocddd dAd dgFar dtlds i n accordance
with an eighth enbodj nent. of the present invention. Fig. 16 is a view

whi ch shows the cor rft3R i ot B vedh 3% 11“:%@tecﬁs"é’iq"“llat%il(‘f’l"i"s‘frequency and

the 20 absorptiyve stgaect m of _a wor | ece fqr the .illustration of the

processing net H ta%dé WAHEY i 1715 & %P&?&&&Oﬁén_t of the present
i nvention. Fi glsZOICI ﬁ_;ﬁhzeéaga%ridmﬂ_cl £ M qy\l/)sg_v\/rlll%h ?r%g%?ﬁtgﬁraelllryx illustrate

an ink jet recor manuf actured "by 't he dppli of 't he | aser

brocessi ng; et hod i gecof dance W i P TIYSRAR LG Hige T esent

i nvention.” 3 0 DE

processing method in accordance with a seventh
embodiment of the present invention.
Figs. 14A and 14B are views which illustrate the
principal part of ink discharges for a plane discharge
10 type ink jet recording head having the ink flow paths
processed and formed by the laser processing method in
accordance with the seventh embodiment of the present
invention.
Fig. 15 is a view which schematically shows the
15 mask pattern projection optical system of a laser
processing apparatus in accordance with an eighth
embodiment of the present invention.
Fig. 16 is a view which shows the correlations
between the laser oscillation frequency and the
20 absorptive spectrum of a work piece for the
illustration of the processing method in accordance
with the eighth embodiment of the present invention.
Figs. 17A, 17B and 17C are views which
schematically illustrate an ink jet recording head
25 manufactured by the application of the laser processing
method in accordance with the embodiments of the

present invention.



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS By the application of
the present invention structured as described above, it becones po§ﬁ58t€
to carry out processing in accordance with the enbodinments 5 there 2003
whi ch has never been attained by the conventional ablation process as

di scussed earlier. In this respect, the oscillation density of the spacial
and tenporal energy, which is applicable 2& the structure of the present

i nvention as |aser beanms, 10 radiated fromthe |aser oscillator is
extrenely large in terns of t he pul se discharge tinme of one pico second
or less. Such |aser_ beans | ur al ulses are disclosed in the

" Conpi | ati on ofPEYH %Fé%lﬁﬁﬁ RSl G, ﬁ HEENEREFERRECa S BIPO BN The fi r st
part: el enental 15 technologles qineratlon and conpression of ultrashort

optical pulses, p.2F¥df P Py hgPFestints 1wertioR 1992) or the

l'i ke, which th | d d | O the fent d

current |y avaiTSOHEEEEd i i Se o G ﬁ@F&fﬁE% e Onasisﬁé
th | tt | '3 f
500 i cr of oul S %%?fﬁ’pu‘f@%ogrﬁ%#ﬁiﬁﬁ%?ﬁq%ﬁ% e 'é’ﬁ’g’r SRS 1y

of the r |at ‘% R, ses g_‘eﬁ%ea,_.p 4 naL ll%e%n%ﬁgt anat t | evel in

ternms of the osci er wor e di scharge ports

of an ink jet Seeadinthdeath &G JRBHRLLY o BESS A 2dial o 0cessing

met hod using the conventional excinmer laser 3 0 D E C 2003 -
In this respect, the oscillation density of the

spacial and temporal energy, which is applicable to the
structure of the present invention as laser beams,

10 radiated from the laser oscillator is extremely large
in terms of the pulse discharge time of one pico second
or less. Such laser beams of plural pulses are
disclosed in the "Compilation of Optotechnologies in
the Next Generation" (in the first part: elemental

15 technologies; generation and compression of ultrashort
optical pulses, p.24 to p.31, published by Optoronics
K.K. in 1992) or the like, which is the so-called
femtosecond laser. Of the femtosecond laser currently
available on the market in general, there is the one

20 having the pulse emitting time of 150 fetomseconds or
less with light energy of 500 microjouls per pulse.
With the laser of the kind, the energy density of the
radiated laser beams reaches approximately a 3-gigawatt
level in terms of the oscillated pulses.

25 In other words, when the discharge ports of an ink
jet recording head are manufactured by the ablation

processing method using the conventional excimer laser



or the like, for exanple, the width of pulse radiation tine of |aser beans
Is long so that the light energy absorbed into the resin plate usngqggtzmH
the formation of the discharge ports is partly converted into therna
energy. Then, heat dispersion takes place on the entire body of the resin
plate at given rate of conduction to allowthe resin plate to expand. This
expansion is further pronoted as the etehi2ig-process advances. The nozzl es
are directed outward eventually, 10 and the edges are caused to sl acken,
thus making it inpossible to discharge ink droplets straightly in

parallel with each other. In contrast, with the structure that uses |aser
oscillating in @hethrlkidke adien ieemile dheonddth gifc deendagiidteism by use
of the fentosecond | aser described above, it becones possible to increase
the tenporal cwnErglcksaes haamd flicdmngy sg thed tthee 1dighY savwray
processing. Thus, the ablation processing of a work piece of resin or the
li ke is possibl@sgrhet TEqigie &asSioh RdfrtE geededergyhien farmaticene
small quantity. Also, with the applicatigon of the structure_ described
above, al nost ndHyITRRRIS iR Rt PtIpheonverdest 4 thstoadssi ng.

Therefore,_it beconmes 2 ossi.ble to omt the processing step.,of renoving
by- produc? that"HEE beelFqdlsEy dgﬁrﬂ%rﬁjioéhﬁ%lkﬁs @ riute to the

significant enh&p,&e{gergoé)}; ctpe%h?é Oregg.cr:l %Q%%e_ a%:8 given rate of
conduction to allow the resin plate to expand. This
expansion is further promoted as the etching process
advances. The nozzles are directed outward eventually,
10 and the edges are caused to slacken, thus making it
impossible to discharge ink droplets straightly in
parallel with each other.

In contrast, with the structure that uses laser
oscillating in the pulse radiation time of one

15 picosecond or less by use of the femtosecond laser
described above, it becomes possible to increase the
temporal energy density significantly at the time of
laser processing. Thus, the ablation processing of a
work piece of resin or the like is possible by the

20 application of light energy in an extremely small
guantity.

Also, with the application of the structure
described above, almost no by-product is created at the
time of laser processing. Therefore, it becomes

25 possible to omit the processing step of removing by-
product that has been required conventionally, and

contribute to the significant enhancement of the



productivity of ink jet recording heads. Also, with the application of the
structure described above, the |light energy of |aser beans radiatgd ﬁﬂja
wor k piece, such as resin, is converted 5 into thermal energy. Howe dk 2003
before such thermal energy is accumul ated on the work piece, the
processing 1is conpleted. Therefore, it becones possible to carry out

hi ghly precise processing wwth the soluti@g of the problens that the
processing precision is deteriorated 10 due to the thermal expansion while
the work piece is being processed or a part of the work piece is fused
inevitably. If, for exanple, the ink passage is processed thereby, ink

di scharge port spaedudoinety taf bink gldtgnetdrdipey dddaeds.i n hi gh density,
hence making it 15 possible to nmanufacture an ink jet recordi ng head

capabl e of di schar gi&ksd nkeidrhopitet sapptldgiagtitdny ofn theastiduelturand enhance
the performance of the ink jet recording head significantly. In this
respect, the i nespaswrbabmmms thek dighdhargggyoafs lasek Heawspat hs, a 20

| i quid chanmber, an ink supply port, or the like which 1is the portion where
ink passes as aratiRAtedmD vhatark @icreremysh jas mesdont 4@ osinernited Al so,
with the application of the structure described above, the |aser

processi ng® becol®te p‘&%‘l’“tﬂ]e e“Z?S’QYcrr AloNsverpi é’&?off@r FREhD FhETRdr ent
materials of two _Kkinds or Evy he c verg_ radi ation of |aser beans

in a predeter m‘?fé%r%e’r%f%m’i PiEES2 03B e. PFgCeessing

is completed. Therefore, it becomes possible to carry
out highly precise processing with the solution of the
problems that the processing precision is deteriorated

10 due to the thermal expansion while the work piece is
being processed or a part of the work piece is fused
inevitably. If, for example, the ink passage is
processed thereby, ink discharge ports are formed to be
aligned in parallel in high density, hence making it

15 possible to manufacture an ink jet recording head
capable of discharging ink droplets straightly in
parallel, and enhance the performance of the ink jet
recording head significantly. In this respect, the ink
passage means ink discharge ports, ink flow paths, a

20 liquid chamber, an ink supply port, or the like which
is the portion where ink passes as a whole and where
each member is in contact with ink.

Also, with the application of the structure

described above, the laser processing becomes possible

25 for a work piece formed by different materials of two
kKinds or more by the convergent radiation of laser

beams in a predetermined energy density with plural



pul ses having spacial and tenporal energy density, which is radiated from
the laser oscillator that oscillates at the pulse radiation tinme ofy Ppg 253
pi cosecond or less. In this way, the different 5 materials of two kinds or
nore can be processed by sublimation in one and the sane process al npst
simul taneously. Also, with the application of structure described above,

it becomes possible to intensify energy-f@P t0 easier processing of netal,
ceram cs, or mnerals (such as silicon) having high coefficient of heat
transfer. Also, for the glass or quartz having low |ight absorptance or

for optical crystal, it becones possible to effectuate processing if only
the object has RWees QD SRacis @rfl tempogad, epergysdensd Wensity of

| i ght energy reaches the qj. t_range tqQ nake it . energy .density of 10
L0 100 11 nes. oP D YRR T EHOTSde WSS 6L ISR &Pdus, mat or | al 3
as descri bed earljf¥ éég’g%? roce§§ed b gpliw%ting %blation al nost 20

.S
equal ly. The difT%erent - Faterials BoF nd Kithad 8 'ndre °c&h ve processed in

one step of irr&%@éé%{ﬁllc}t{ g_lg_ggt Eﬁ“ﬁﬁg ASeS ¢ Qlu?ﬂi%%?%isci ng a conpl ex

mat eri al al nost™ ™ sinmu eously to m a stradtural menber in one

Pr 0Cessi NG, St Cfa UGS R4S irdie ol 2k Rn? Be BB dOhyt YO ki nds

or nore, i ch present a large rence between |inear expansion

EOEB B i30i egg s thefatidn DEC YRS NREHHY Sahe PHRREESS sifkeskeeling 3 0 0 E

simultaneously.
Also, with the application of structure described

above, it becomes possible to intensify energy for

10 easier processing of metal, ceramics, or minerals (such
as silicon) having high coefficient of heat transfer.
Also, for the glass or quartz having low light
absorptance or for optical crystal, it becomes possible
to effectuate processing if only the object has the

15 absorption of 0.1 to 1.0 %, because the density of
light energy reaches the gigawatt range to make it an
energy density of 10 to 100 times or more the excimer
laser. Therefore, such various materials as described
earlier can be processed by sublimating ablation almost

20 equally. The different materials of two kinds or more
can be processed in one step of irradiating ultrashort
pulse laser, thus processing a complex material almost
simultaneously to form a structural member in one
processing step. Further, even if the different

25 materials of two kinds or more, which present a large
difference between linear expansion coefficients

thereof, it becomes possible to suppress the peeling



between different materials due to the stress that nmay be caused by

t hermal expansi on, because heat is not easily transferred during t%i

abl ati on processing as conpared with the conventional art. 5 Here, @Eﬁ?ﬂﬂ
the Iight wavel ength of laser in use, which is radiated at the pul se
radiation tinme of one picosecond or |less, is not necessarily that of
ultraviolet as the characteristics of thedgaser oscillator. If only the
wavel engt h can be absorbed by 10 a work piece, it may be a visible light or
infrared 1ight, because the tenporal beamdensity is extrenely large so
that material can be sublimated in a short period of tinme for processing,
hence maki ng i tbeossem| @ifferaif ecdtatimlishalwbltad ithe Eroesssitigptwinidyout 15
conditioning the liquid phase. Also, with the application of the structure
descri bed abovebe occadeedreriyf tiveuma heaparsssm ofbearnusek hgadt ireqwrtdi ng head,
it becones possible to effectuate the ablation processing in one step of

| aser processi iepeblal Woxrsgrrzed (diring e altlafdan Arqrsafdmofas
recordi ng head forned by inorganic naterial, glass material, netallic
material, sem cEPHRRYRA WwhERrthe copvenfiondd %y conbination of these

naterlals not necessarll limtin materials to | yi m de, 25
pol ysul f one, or soneH%’f%'er TR nt%'%érqr}éﬁ wayg! %hoégf]ci imyuse,

Shoueturt 10 L he ik O SODRL AR SPLLS i O B0 il di S
picosecond or less, is not necessarily that of
ultraviolet as the characteristics of the laser
oscillator. 1If only the wavelength can be absorbed by

10 a work piece, it may be a visible light or infrared
light, because the temporal beam density is extremely
large so that material can be sublimated in a short
period of time for processing, hence making it possible
to effectuate the ablation processing without

15 conditioning the ligquid phase.

Also, with the application of the structure
described above to the manufacturing process of an ink
jet recording head, it becomes possible to effectuate
the ablation processing in one step of laser processing

20 almost at a time for the structural member of a
recording head formed by inorganic material, glass
material, metallic material, semiconductor material, or
an arbitrary combination of these materials, not
necessarily limiting the materials to polyimide,

25 polysulfone, or some other resin material that has been
used for structuring the ink discharge ports, ink flow

paths, an ink liquid chamber, or an ink supply port of



t he conventional ink jet head in general. Therefore, wth the application
thereof, it becomes possible to give nore freedomin conpl ex sa(uniﬁﬁ ﬁh
materials for the structure of ink discharge ports, ink flow paths, f b 2003
| i quid chanmber or ink supply port. Also, if, for exanple, the materi al
havi ng smal | er thermal expansion, such a conplex material of netal and
resin or glass and resin, is used for stpycturing the orifice plate or ink
flow paths, it becones possible to elimnate the 10 deviation of the

contact surface of each nenber that may be brought about by shearing

force. Further, if an ink jet recording head or a printer is fornmed by the

mat eri al s whi chtieg echidterdtional sty eritcthdad tile gendfrlalenc aheife ficafger at ure
changes (environnental 15 changes), it becones possible to transport the
heads or pri ntweith othd agsgll cateissel tHdgio fiTay te be oS pasid blequat or .

Here, the costs of distribution can be reduced. Also, an ink jet recording
head can be naisfaaiaired mddonanie asigleax sthileatilont v fama tebrdradge £G4
capability, which is not easily eroded even by ink having strong al kaline
property, if a toepexuoriz el ind dedharge eorgisasdnks filede paddis,e. Al so,
when the inner processing is executed by the application of the processing
met hod t o Procebsk alivanid cdsnhiesc ehyi ndsuppetyl @exwi-t h Allse,cdfuerfgant beans
of a predeterm ned energy density or nore in the inner side of the

transparent wordE@iRkR hhe dwtEride havjing smalpec ibpgymal3pxpansion,

such a complex material of metal and resin or glass and
resin, is used for structuring the orifice plate or ink
flow paths, it becomes possible to eliminate the

10 deviation of the contact surface of each member that
may be brought about by shearing force. Further, if an
ink jet recording head or a printer is formed by the
materials which are not easily subjected to the
influences of temperature changes {(environmental

15 changes), it becomes possible to transport the heads or
printers on board a vessel that may even cross the
equator. Here, the costs of distribution can be
reduced. Also, an ink jet recording head can be
manufactured with an excellent durability and storage

20 capability, which is not easily eroded even by ink
having strong alkaline property, if a complex material
of ceramics or glass is made usable.

Also, when the inner processing is executed by the

application of the processing method to process a work

25 piece by sublimation with the convergent beams of a
predetermined energy density or more in the inner side

of the transparent work piece by use of the light



wavel ength of the aforesaid | aser beans (light), there is a need for the
provi sion of the discharge port through which the material of the work

pi ece that has been sublimated and vaporized is discharged to the 530 DEC 2003
outside. In this case, the provision of the discharge port is necessary in
order to prevent a work piece from being broken or caused to crack due to
the higher pressure of the sublimted ga82i rside the work piece.

Therefore, with this processing nethod used for 10 processing and form ng
ink flow paths or the Iike by sublimtion, for exanple, it becones

possible to from the ink flow paths or the like insider a work piece by

provi di ng the stavekardeh of ddws dfinresads lasan heamsedildghidyortderiee
t hreshol d value of the ablation 15 process of the work piece after an ink
jet recording e Mwed fouh e aRavd§ion oF, the ddeshaagee pRittth t hi s
met hod, the sublinmation processing is effectuated only by converging
beams nore thanthHEEhefiFiuehst MpYRsielt Rén the tRek Riesfortdafahas of
Che |1 gnt " vy SRR Ted A6 YPosta 2Foudy Lo CReTeRg SRoRy dens ty
Consi der Che T OB adpbdie 2 Eien F SEPTAETRY Pe hrodaee "EEeRAl |y,
b o L e K (LGSR (Bt o VAP BT
being broken or caused to crack due to the higher
pressure of the sublimated gas inside the work piece.
Therefore, with this processing method used for
10 processing and forming ink flow paths or the like by
sublimation, for example, it becomes possible to from
the ink flow paths or the like insider a work piece by
providing the sublimation processing step from the
region beyond the threshold wvalue of the ablation
15 process of the work piece after an ink jet recording
head has been assembled.
Also, in accordance with this method, the
sublimation processing is effectuated only by
converging beams more than the energy density more than
20 the threshold value of ablation processing of a work
piece inside the transparent work piece at the light
wavelength of the laser beams. However, as the energy
density at the processing threshold value is extremely
high, it is necessary to consider the following aspects
25 when effectuating the process actually.

In other words, at first, a work material should

be transparent against the wavelength of laser beams



firstly so that the | aser beans can enter inside the work material. If the
material has a conplete transparency (although there is no conplete
transparency actually), the absorption of |aser beans 5 does not occult DB& 2003
need for the execution of intended process. Here, it is necessary to
provide a light absorptance of approximately 0.1% of the wavel ength of

the | aser beans. Then, secondly, the ener@® density of the |aser 10 beans
is needed so that it may reach the one having the threshold value of the
subl i mati on processing, even if the |light absorptance is 0.1% For
exanpl e, when polysulfone resin is used as the work material, the

t hreshol d val uefiofstle shltdtatorthe deesgi hpans dae hteys dnstiiden thie ener gy
density of approximately 15 negawatts/cnR. Thus, the sublimtion

processi ng t akesorpirateriml.he Ifedinen Mad@niglt hesedecgPrd@i€i ty hi gher

than this threshold value. As a result, when perform.nng the actual

process, the radeiaRsRPENG Y 2l hpumhdihereofis Re co8@ nms shoul d be 15
gi gawatt s/ cnR, because pol ysul fone presents approxinatel& 0.1% i ght

absor pt ance whefFaNSRaF§ncHh Sl vand & shserdtien pé 1As§ToPeA™Sm t he
visible rag/s to the near infrared rays at .the wavel,engtt% of | aser, beans of
775 nm 25 Now,d99s {MF | p?rso&@seéi/rf@’rofth& wEeYilede s 1 ed with
the krypton fluorine excimer |laser, at the ultraviolet, maveleg&}h of 248
nm for exanpl é?rcggaqgec M?' it is necessary to provide a light

absorptance of approxzimately 0.1% of the wavelength of
the laser beams.
Then, secondly, the energy density of the laser

10 beams is needed so that it may reach the one having the
threshold value of the sublimation processing, even if
the light absorptance is 0.1%. For example, when
polysulfone resin is used as the work material, the
threshold value of the ablation processing is the

15 absorption of energy density of approximately 15
ﬁegawatts/cmz. Thus, the sublimation processing takes
place in the region having the energy density higher
than this thresheld value. As a result, when
performing the actual process, the radiated energy

20 density of the laser beams should be 15 gigawatts/cm?,
because polysulfone presents approximately 0.1% light
absorptance when it is transparent and colorless in the
region from the visible rays to the near infrared rays
at the wavelength of laser beams of 775 nm,

25 Now, if the inner processing cof a work piece is
attempted with the krypton fluorine excimer laser at

the ultraviolet wavelength of 248 nm, for example,



-- 34 which is the laser having a higher output than the aforesaid

fent osecond | aser used here as described above, but in condition t@@%uﬁqmu
cutting reaction takes place on the nol ecul ar binding due to the
photochem cal 5 reaction, the required | aser radiation energy density is
15 gigawatts/cnR, provided that the work material has the ultraviolet
absorptance of 0.1% at the ultraviol et -tR&nsmission, and the threshold

val ue of the ablation processing of 15 negawatts/cnR2. Against this, the 10
typical oscillation energy density of the krypton fluorine excinmer |aser
for versatile use cannot obtain an output not nore than approxi mately 20
megawatts, becddlis® tife del@ras odng [ hdgherpoutpyts&han the pul se

radi ation tine oflgfpnoxinatel 20 nanoseconds. 15 Thus, unl ess the total

energy is concetIfHd fept N JRSGIIFSHY bFERy a8 descEiPedme), it is
| npossible to reach the ener Sit f 15 | gawatts/cn?.. Also, in

Cons: derati on Gt HHcorbuant Sen thatae SRS FeatiiondRkesy | aser
20 beans on the tic st e Ity 0 s,anly _possible to - L, with.th
processing in aPPoc"rrexali""(’rjl}Jl rrtusr}c/% msoga qu&rarmﬁelnr}ld%t e%m?t ﬁg’d tgls? g‘{%ﬁcaclh)?méﬁﬁ'lqi ed.

| n contrasf tolxltéa‘alc?niéﬁ‘e ﬁfﬁorr%gﬁ%qréderﬂal%%%c%ﬁia'ﬁt% reﬂ%%\g?ﬂiﬂ%&'sg% he one

whi ch can osci e’in25ult ort pulses anong ose a n the

market in recey 1{52%’:‘?3&\?&&39/’&%@' rof@ﬁ&dOf:h%ge{?D%E%»%%genﬁatéf'fai?uhég

radiation tine o ent osecond$S or [ess at
the ultraviolet absorptance of 0.1% at the ultraviolet

transmission, and the threshold wvalue of the ablation
processing of 15 megawatts/cm?. Against this, the

10 typical oscillation energy density of the krypton
fluorine excimer laser for versatile use cannot obtain
an output not more than approximately 20 megawatts,
because the energy is 400 milijouls per pulse at the
pulse radiation time of approximately 20 nanoseconds.

15 Thus, unless the total energy is concentrated in a
domain of 0.35 mm every side (0.12 mm?), it is
impossible to reach the energy density of 15
gigawatts/cm?’. Also, in consideration of the
absorption, scattering, or the like of radiated laser

20 beams on the optical system, it is only possible to
deal with the processing in a domain much smaller when
the method is actually applied.

In contrast toc this, the aforesaid femtosecond

laser has actually the one which can oscillate in

25 ultrashort pulses among those available on the market
in recent years, for example. Some of them provides

the pulse radiation time of 150 femtoseconds or less at



- 35 the | aser bear wavel ength of 775 nm having the light energy of 800
m crojouls per pulse. By use of this |aser, the energy density of radiated
| aser beans reaches a |level of approximately 5.3 gigawatts in t er ms 60k 2003
oscillation pulse. In other words, it is required to obtain the energy
density of 15 gigawatts/cnR in order to38xecute the inner processing of

pol ysul fone, but with this |aser, a simnultaneous processing becones
possible in a region of 6 mMmevery side (36 nmM) at the 10 nmaxi num Al so,
with the application of the structure described above, it becones possible
to process ancthd draser daarc twavallemgtieoff G175t ner, athavdsg dtheatldghdd (B) by
enabling the aforesaid | aser beans of |ight 15 wavel ength as shown in Fig.
13 to pass thematgrici 800 mikawnjogllsowelrn ghulsebhsoByt arsee ofwiihdls | s al nost
transparent, and to irradiate the material (B) having a higher |ight

absor pt ance t Haasdihe the anealgy Aerati tyhef Iraghie bedy dlasegt peamst he af or esai d
| aser beans, which is 20 positioned inside the work piece. However, even
for this processthes fetleel fe apnreoxdmaded vf &r 3t W gapadss iion terms

di scharge port to discharge the work _material which has been sublinmated
and vapord zed @b asfe Llaianieulisen t He GHRer pogdsssilitg 1iSs T@égdiddedd. Al so,

25 this processing nmethod is the one that perfaorns the  sublinmation

processi ng on YhEHF N dhomFIrnGRFitTc Ot Wie FdIBNEtETLFGY HRnsity

exceeds the tQﬁEﬁi%”é%‘gﬂgﬁ%ég éﬂ% ?%%%gp%rocessing of polysulfone,

but with this laser, a simultaneous processing becomes
possible in a region of 6 mm every side (36 mm?’) at the
10 maximum.
Also, with the application of the structure
described above, it becomes possible to process and
form a structural member for the aforesaid material (B)
by enabling the aforesaid laser beams of light
15 wavelength as shown in Fig. 13 to pass the material (A)
having low light absorptance, which is almost
transparent, and to irradiate the material (B) having a
higher light absorptance than the material (A) at the
light wavelength of the aforesaid laser beams, which is
20 positioned inside the work piece. However, even for
this processing method, there is a need for the
provision of a discharge port to discharge the work
material which has been sublimated and vaporized to the
outside when the inner processing is executed. Also,
25 this processing method is the one that performs the
sublimation processing on the portion of the work piece

where the energy density exceeds the threshold value of



- 36 the ablation processing. However, since it is necessary to nmake a
setting so that for the material (A) that the | aser beans should pﬁ]SBEEtfﬂﬁ

energy density does not exceed the threshold value of the 5 abl ation
process, but for the inner material (B), it should exceed the threshold
val ue of the ablation processing, the fo %omﬁng shoul d be taken into
consideration for the actual processing as to the selection of the
material (A) and material (B), as well 10 as the radiation of |aser beans.
Here, if the material (A) and material (B) are conposed by resin material,

such as po'ySU|€i§m§¢f§%fbngﬂ#5§§§§¥ﬁ§h°|%5%%b%% ogi%?%a%gpggprocessing S

the absorption e éner at “approxi'mate megawat t s/ cnR.

Then, if th d.i h
en, | the “?%é%§§%%56Q&a%ﬁﬁui%§§%¥g§§1 hc}th% Y299 tha Egidyyaq €

material (A) ne resin € l'aser beans to pass

t hrough wit ho”t(ﬁﬁyg%@cﬁ%il%erprb%‘gn%e%&tov%ﬁ?htp%%sl asfle err%@g?t I on energy

density is set at 15 gigawatts or |ess the’l i ght absdrptance of

pol ysul fone resjdh beiptiodd X idiReRld el @hrEREBLA falile Rugreol or

pol ysul fone is used for the material (B), which is prepared by m xing bl ue

dye in podysuldioneedh GhsRaisd 00 fddiattnd difneabaaiidian 2B)0f i ack
color is made at the wavel ength of |aser beans of 775 nm it becones
possible to raigeihe digidd s amedneda Oivaihe bifghthewavdlaangrh of 775 nm

up to 3 0 DEC 2003
processing, the following should be taken into
consideration for the actual processing as to the
selection of the material (A) and material (B), as well
10 as the radiation of laser beams.

Here, if the material (A) and material (B) are
composed by resin material, such as polysulfone resin,
the threshold value of ablation processing is the
absorption of the energy density at approximately 15

15 megawatts/cm?’. Then, if the wavelength of the laser
beams to be used is 775 nm, the material {A)
(polysulfone resin) allows the laser beans to pass it
through without any processing, provided that the laser
radiation energy density is set at 15 gigawatts or less

20 with the light absorptance of polysulfone resin being
approximately 0.1%.

Then, if the blue color polysulfone is used for
the material (B), which is prepared by mixing blue dye
in polysulfone by dispersion so that light absorption

25 of black color is made at the wavelength of laser beams
of 775 nm, it becomes possible to raise the light

absorptance of the light wavelength of 775 nm up to



- 37 approximately 70% In other words, the ablation processing threshold
val ue becomes 15 megawatts/cn2 divided by 0.7 equals to 21 megawat t3sf Bh{22003
for the blue polysulfone resin. Then, if the |aser beans are 5 radiated
with the energy density of 0.021 gigawatts/cn2 or nore, the material (B)
can be processed. As a result, if the Iﬁ% beans are radiated with the

energy density of 0.1 to 1.0 gigawatt/cl only the material (B) which is
arranged inside the material (A) can be 10 processed. Also, with the
structure which allows a work piece to be mxed with dye for coloring so

bsor b ' ' idd @t
navel engen of |t FRPLRHEEEOLD TOH Oh UG SRirde (WHE Sadd ")

wavel engt h of aser beans, possible to attenpt

_ : 2 . ei naf ,
the enhancement,pf-ddei Ry 0GESSiKLa &fdivd %m%rﬁgﬁ%w}ﬁ ei nafter

t he enbodi nents of the present 1 nvention However, it is

to be 20 under sgppaddaby ther BARENY dNVANtHQhWat 0 cm?Nesessabi byubki M ted
only to the enbodi nents given el ow. (First Enbodinent) Figs. 1A to 1lE are

vi ews whi ch schespyéebtdre 2edid UstTRie, a fraiHod dsdir PeReeS Sy | Nk
di scharge ports of an ink jet recording head in accordance with a first
enbodi ments5of thedpies®niitiviend idierdy) ddrigsityl Aft @ .32 1DEG 2Rt ts/cm?
or more, the material (B) can be processed. As a
result, if the laser beams are radiated with the energy
density of 0.1 to 1.0 gigawatt/cm?, only the material
(B) which is arranged inside the material (A) can be
10 processed.

Also, with the structure which allows a work piece
to be mixed with dye for coloring so as to absorb the
wavelength region equivalent to the oscillating
wavelength of the aforesaid laser beams, it becomes

15 possible to attempt the enhancement of the processing
efficiency.
{ Embodiments}

Hereinafter, the embodiments of the present

invention will be described. However, it is to be

20 understood that the present invention is not
necessarily limited only to the embodiments given
below.
(First Embodiment)

Figs. 1A to 1lE are views which schematically

25 illustrate a method for processing ink discharge ports

of an ink jet recording head in accordance with a first

embodiment of the present invention. In Figs. 1A to



- 38 1E, the progressive states of process in this nethod are
schematically shown as the tine elapses. In Fig. 1A a reference nuggr%l 2
designates a resin plate which is the basic material used for the BEC 2003
formati on of ink discharge ports. Then, as shown in Fig. 1B, the |aser
beans | that irradiate |light are radiated on the resin plate 2 in a
configuration of plural discharge ports 8Breugh the mask having a
plurality of opening patters formed at predeterm ned 10 intervals so that
the arrangenent density of the discharge ports becone 900 dpi. Here, in
accordance wth the present enbodi nent, the fentosecond |aser is wused on
the foll owi ng déhditiomrogressivedisiateg PiseroceegminatbifeBrtPAfr ar ed
rays havi ng the wavel ength of 15 775 nm the width of radiation pulse tine

is 150 fent osé&EEhEE Heeddy shewn §ft thRetdfeoPlERE®Faser radiation is

15 pJ per pulse; and the radiation ener densi fl.uence) .is
appr oxi mat el y 1J/cn§nb§nguﬂ§E.alﬁe%ﬁgegéﬁggugﬁﬁﬁx 'ndPFégn%ﬁfschh portion

at 203 20 where hea re radiated_ is abl ativel rocessed _and radual | y
etched. In the "EAdh Hfaln THE g5 I8 DRSS PRTRELPAr PRER fRAvEREes, and
each portion of £S] l.ag.e L.s.l.nrediatel y b npl ete
penetratigﬁ om%ﬁ{ﬁ%q¥3} %§E%ﬂ% ﬁ%gﬁﬁﬁ g§i88§F§ft ?h?gét¥SI%B§F§.E§E, t he

penetrati on prgﬁ%ﬁéé%§2gg%PH%E%9 peQhst 1€ thet! ArRhalised RYgHeeaek the

pr edet er m ned
radiated on the resin plate 2 in a configuration of

plural discharge ports through the mask having a
plurality of opening patters formed at predetermined
10 intervals so that the arrangement density of the
discharge ports become 900 dpi. Here, in accordance
with the present embodiment, the femtosecond laser is
used on the following condition: the irradiating laser
beams are near infrared rays having the wavelength of
15 775 nm; the width of radiation pulse time is 150
femtoseconds per pulse; the light energy of the laser
radiation is 15 pJ per pulse; and the radiation energy
density (fluence) is approximately 1J/cm? per pulse.
In the stage shown in Fig. 1C, each portion at 203
20 where beams are radiated is ablatively processed and
gradually etched.
In the stage shown in Fig. 1D, the etching further
advances, and each portion of the resin plate 2 at 202
is immediately before complete penetration only with a
25 thin skin being left intact.
In Fig. 1E, the penetration process is completed

for the resin plate 2 by use of the predetermined



- 39 pattern, and the radiation of |aser beans is suspended, thus
conpleting the formati on of each of ink discharge ports 201. Wth respect
to the processing steps described 5 above, attention should be gi vérd B&L 2003
t he aspect that each process advances followi ng the radiation of beans
exactly. Now, in conparison with the conventional exanple shown in Figs.

2A to 2E, the detailed description will- 39 be made of the characteristics
of the present enbodinent in particular. Figs. 2A to 2E are views which
schematically illustrate a nmethod for processing ink discharge ports of

an ink jet recording head in accordance with the 15 conventional nethod. In
Fi gs. 2A to 2Epdttermr eyde e eastiattdonobft heseonbeatmsonal spepeededar e
schematically shown as the tinme elapses. In Fig. 2A, a reference nuneral 2
desi gnates a rtdsisn qumptle titmac lthies fioraaltdeonc ofaeerchabfuseld fléschhage20
formati on of ink discharge ports. Then, as shown in Fig. 2B, the |aser
beans 1 that | madisatZ®l.ight are radiated on the resin plate 2 in the form

of the predeternmined pattern in the same manner as shown in the aforesaid
enbodi nent. Here, tHKefaregnacdy it &hepregPsshidi A§ePReIREFELERGt h of 248
nm are used as the irradiating |aser beans; the width of radi gtion pul se

time is 15 nancRhdSPFentdarsshard begHi veRetgy tBE 3S8eBECTPE43

each process advances following the radiation of beams
exactly.

Now, in comparison with the conventional example
shown in Figs. 2A to 2E, the detailed description will

10 be made of the characteristics of the present
embodiment in particular.

Figs. 2A to 2E are views which schematically
illustrate a method for processing ink discharge ports
of an ink jet recording head in accordance with the

15 conventional method. In Figs. 2A to 2E, the
progressive states of the conventional process are
schematically shown as the time elapses.

In Fig. 2A, a reference numeral 2 designates a
resin plate which is the basic material used for the

20 formation of ink discharge ports. Then, as shown in
Fig. 2B, the laser beams 1 that irradiate light are
radiated on the resin plate 2 in the form of the
predetermined pattern in the same manner as shown in
the aforesaid embodiment. Here, the far ultraviolet

25 rays having the wavelength of 248 nm are used as the
irradiating laser beams; the width of radiation pulse

time is 15 nanoseconds per pulse; the light energy of



- 40 the laser radiation is 500 m}] per pulse; and the radiation energy

density (fluence) is approximately 1J/cnR per pulse. In the stage 32? %rh
Fig. 2C, each portion at 213 5 where beans are irradiate is ablati &ﬂ:ﬂﬂ

processed and gradually etched. However, since the tenporal w dth of
oscillation pulse of the irradiating |layer beans is as |long as 15
nanoseconds, the |ight energy absorbed in# =the resin plate 2 is partly
converted into thermal 10 energy, which is caused to spread in the entire
body of the resin plate at given conduction rate eventually, thus
allowing the resin plate 2 to expand in the directions indicated by arrows
in Fig. 2C. Themeilfi%e & %ﬁﬁnﬁ?iiboFﬂg.p?ﬁ,ppﬂéeétéﬁﬂn§h915 process
further advances,_but. during thi erio t he xpansi on of the resin plate
& iy

2 gradual |y adVEREREEHAD SN FHUERCEd By PPSREIMAtely 2D In

this stage shogﬁyjnzFig. 2D, the etching further advances, and the resin
plate 2 is in 1Y eP fopP%ﬁﬁdiately before conpl ete penetration only with

hin skin being left .intagt t 212 In this stage, the th
xpansi on of the reah BBl AP 2, Fdes Zoas CPOLIPEY (IRRord Adabl y

expansi on of the resin plate

fromFig. 2D the Dqzzles Jocatedmne QU LAY Q4Len,sidgfamd ne pent er
outward 1 3f Piriik

25 are directed nore n the processed state I'scharge ports

212. Also, the arpyunh 1§f ACHER! AR, intle thesitmpddaBEwid%S of

oscillation pulse of the irradiating layer beams is as
long as 15 nanoseconds, the light energy absorbed into
the resin plate 2 is partly converted into thermal
10 energy, which is caused to spread in the entire body of
the resin plate at given conduction rate eventually,
thus allowing the resin plate 2 to expand in the
directions indicated by arrows in Fig. 2C.
Then, in the stage shown in Fig. 2D, the etching
15 process further advances, but during this period, the
expansion of the resin plate 2 gradually advances in
the direction indicated by arrows in Fig. 2D.
In this stage shown in Fig. 2D, the etching
further advances, and the resin plate 2 is in a state
20 immediately before complete penetration only with a
thin skin being left intact as at 212. In this stage,
the thermal expansion of the resin plate further
advances. As readily understandably from Fig. 2D, the
nozzles located more on the outer side from the center
25 are directed more outward in the processed state of ink
discharge ports 212.

Also, the amount of accumulated heat of the resin



- 41 plate increases as the etching process advances. As a result, resin
Is fused in each vicinity of the portions where |aser beans are irrfﬁjEE%ME
to give curvature to each edge of etching inevitably. 5 In Fig. 2E, H
penetration process is conpleted for the resin plate 2 by use of the
predeterm ned pattern, and the radiation of |aser beans is suspended,

thus conpleting the formati on of each of #mk-di scharge ports 211. 10 As
descri bed above, by use of the conventional |aser processing, the nozzles
are directed outward when ink discharge ports are processed, for exanple.
Al so, curvature is given to each edge inevitably. The ink discharge ports
t hus forned nakdate dindrieages e thedietchangepirpkegsopleiscetstai dist by in
parallel. In contrast, if photoetching process is performed by the nethod
enbodyi ng t he pressdt, inesdm iien fuised Bocemsh posdnblty od shpppressiths heat
accunul ation in a work piece, and formthe ink discharge ports arranged 20
in parallel inwiafe dassitt peamsnasendaypadéate f§ gavenkurpaturecdedi ng head
capabl e of discharging ink droplets straightly in parallel. Further, wth
t he observatio@a&mlﬁﬂgﬁ’oﬁrﬁﬁ§§§@§ 1§GVﬂ§égland surface shape obtai nabl e by

t he present 25 enbodinent, it has been confirned that as conpared with the
processed Surface ofI™ Fd9cofFentthEnBeretaghien PRECessedsnEoRRBEIRRENt

presents extreneuy snoot h surface, 30 DEC 2003 .
for the resin plate 2 by use of the predetermined

pattern, and the radiation of laser beams is suspended,
thus ccompleting the formation of each of ink discharge
ports 211.

10 As described above, by use of the conventional
laser processing, the nozzles are directed outward when
ink discharge ports are processed, for example. Also,
curvature is given to each edge inevitably. The ink
discharge ports thus formed make it difficult to

15 discharge ink droplets straightly in parallel.

In contrast, if photoetching process is performed
by the method embodying the present invention, it
becomes possible to suppress the heat accumulation in a
work piece, and form the ink discharge ports arranged

20 in parallel in high density, hence manufacturing an ink
jet recording head capable of discharging ink droplets
straightly in parallel.

Further, with the observation of laser processed
surface and surface shape obtainable by the present

25 embodiment, it has been confirmed that as compared with
the processed surface of the conventional example, the

present embodiment presents extremely smcocoth surface,



- 42 - and that there are alnost no flushes observable on the surface.

This condition contributes to the reduction of factors that may bri?QUECZMJ
about the flow disturbance of 5 unwanted ink on the ink flow passage

portion of an ink jet recording head or the disturbance of discharge

di rection, which should be preferable for performing high quality ink

di scharges. Also, it is unnecessary to ap “ultraviolet rays 10 as the
wavel ength of the | aser beans radi ated here during the pul se radiation

time of one picosecond or less. It may be possible to use visible rays or

infrared rays wi thoyt a robl emas far _as rk I ece n absqrb the

[ Tant of suen Vb HiR: EHLRR SB sty Roo aes: oBsEny B & e the
appl i cation of éﬁ¥%grénn the visible rays to near infrared rays having the
wavel engt h of |98er®Beans of 350 to 1,000 nmin particular, it becomes

easier to secure theylASel,, AARSy {9 pdh Lo %rfoi)ﬁ:'htf% SRS Jyse can be

L d
20 utilized for |enses ané)conponents required e gbrnatlon of an

optical systemmidihlESeflt MRS IHild bdfe AHPIDIMER LD Y i cal

system and at the same tine,~ as conpared with the use of the conventional
ultraviol ef | asgiwarl# rHNIdH 13RS lika 8 o Paead ge? pottdBinf iokaRil MniAl so,

for the present enbodi nent, the processing material is not necessarily
limted to resijet M¥coHBiPRCHYAE or the disturbance of discharge
direction, which should be preferable for performing
high quality ink discharges.
Also, it is unnecessary to apply ultraviolet rays
10 as the wavelength of the laser beams radiated here
during the pulse radiation time of one picosecond cor
less. It may be possible to use visgible rays or
infrared rays without any problem as far as a work
piece can absorb the light of such wavelength radiated
15 from either of them. By the application of one from
the visible rays to near infrared rays having the
wavelength of laser beams of 350 to 1,000 nm in
particular, it becomes easier to secure the laser
power. Alsco, a material for general use can be
20 utilized for lenses and components required for the
formation of an optical system with lesser possibility
of damages given to the optical system, and at the same
time, as compared with the use of the conventional
ultraviolet laser, the running costs are reduced
25 significantly.
Also, for the present embodiment, the processing

material is not necessarily limited to resin. For



- 43 exanple, it is possible to process ceramic material, netallic
material, or the like. Here, by the radiation of the conventional

ultraviol et |aser beams, it is difficult to process metals, such as}&O& 2003
opaque 5 ceramcs, or Si. Then, even for such material as netal which has a
hi gher heat transfer coefficient, it is pﬁasible to performthe ablation
processing in an extrenely high precisioif“without conditioning the liquid
phase, 10 because the processing steps are conpl eted before heat

di spersi on advances beginning with the initiation of beamradiation.

Mor eover, even for §ych J optical grystal, or glass

qgterials. qqg;tz,

mat eri al whi ch HEE R Fi ghertS ﬁ?ﬁ%%ﬂ'ﬁe P REREEen GoERM G BRbprial,
(transmittancy) wt s|.i,ght. heam_ahsor pt.ance, .t he abl ation_praqcessing is
execut abl e, be&ﬁ%ﬁi%ﬁ% 55%5ﬁ%%%ﬁnbfﬁfthtgﬂpoﬁgFe'e Xr%bedéﬁgﬂﬁslp§ hi gh.
I n ot her words, rﬁ%ﬁéﬁi t eni \Whi_Gh i 2 d i,n neral for a
structural rrenboeélr 0 t='pi n |%%hd§gg{l§%lﬁvé}mie%kl?%8\fv %&%ﬁ%,’ ér‘f ?‘%k liquid
chamber, —of amd Y4 URP!th Riidoddls BRdallle | QLichPGar diiag BBAGye! S

pol yi m de, polysul fone, or sone other resin material. "Ho er, the

material is no dna@ilcd,i B4 @d thereto, but 25 inorganic material, glass
material, nmetallic material, or sem conductor material is now ablatively

26 ggessed by the apMdrtatdvein For aeRh miteikeSHL! me¥BiewhiefdpRs30 0 1 C
higher heat transfer coefficient, it is possible to
perform the ablation processing in an extremely high
precision without conditioning the liquid phase,

10 because the processing steps are completed before heat
dispersion advances beginning with the initiation of
beam radiation.

Moreover, even for such materials as quartz,
optical crystal, or glass material which has a higher

15 light transmitting efficiency (transmittancy) with a
slight beam absorptance, the ablation processing is
executable, because the capability of the temporal
energy density is high.

In other words, the processing material, which is

20 used in general for a structural member of ink
discharge ports, ink flow paths, an ink liquid chamber,
or an ink supply port of an ink jet recording head, is
peolyimide, polysulfone, or some other resin material.
However, the material is no longer limited thereto, but

25 inorganic material, glass material, metallic material,
or semiconductor material is now ablatively processed

by the application of laser. As a result, more freedom



- 44 is now given to the selection of materials for a structural nenber
of ink discharge ports, ink flow paths, an ink liquid chanber, or an ink
supply port. Therefore, whereas the anisotropic etching is 5 often §JdeBtl 2003
conventionally for the formation of ink flow paths, |iquid chanmber, ink
supply port, or the like on the Si base plate, the present invention nakes
It possible to process the Si base pl atedidn-a desired configuration

Wi t hout any restrictions inposed upon the 10 processed shape when the
anisotropic etching is used. Also, if ceramc material or glass material
Is wused for the aforesaid work piece, it becones possible to manufacture
an ink jet recorslinmy hEakrhao rdhaarseleasldrenit dawtairiilailtsy fand ast or age
capability, which is 15 not easily eroded even by strong al kaline ink.

Then, if the cestrictumalemienbear athdnk Kid seiagige pegts, hiighk fAlowon point is
used for the discharge port plate, it becones possible to give high
tenperature treathentan sindh ldsiwiat ethambeal.| ot apr deds suppd vt P20 sur f ace
of the ink discharge ports. Mreover, if sem conductor material is nmade
usabl e, it becones powasiare.o whanaasudhesandeoirepiss etgddndg B&d above
directly on the integrated circuit. Al so, since the material having a

smal | er | ihear PG PRaEiandldiat e the dsegrationyedonpk bl e

to prevent the bonded faces. of each menber frqQm being deviated due to the
sheari ng f or ce P&t chamber, ink supply port, or the like on

the Si base plate, the present invention makes it

possible to process the Si base plate in a desired

configuration without any restrictions imposed upon the
10 processed shape when the anisotropic etching is used.

Also, if ceramic material or glass material is
used for the aforesaid work piece, it becomes possible
to manufacture an ink jet recording head having an
excellent durability and storage capability, which is

15 not easily eroded even by strong alkaline ink.

Then, if the ceramic material or the like which
has a high fusion point is used for the discharge port
plate, it becomes possible to give high temperature
treatment, such as water-repellent process, to the

20 surface of the ink discharge ports.

Moreover, if semiconductor material is made
usable, it becomes possible to form such structures as
described above directly on the integrated circuit.

Also, since the material having a smaller linear

25 expansion coefficient can be used, it becomes pessible
to prevent the bonded faces of each member from being

deviated due to the shearing force.



-- 45 - Fig. 3 is a view which schematically shows the optical systemof a
| aser processing apparatus in accordance with the first enbodi nent q{ EQ
present invention. 5 The beamflux 1 oscillated fromthe | aser naié B @M
(not shown) is induced into the fly eyes or sonme other optical integrator
10 to deconpose the incident |aser beamflux into plural nunbers, and the
deconposed beam fluxes are superposed 36 use of the field lens 11 10 on
the mask 12 having a plurality of opening patterns formed at predeterm ned
pitches, thus correcting the illumnating intensity of |aser substantially
equal for illumnating the mask. Also, the field lens 11 projects the dot

i rages 15 conver geBign Bl isad poewtehbghsehematieakly eyews cili®s 10 on
the positions of aperture 13 of the mask pattern projection |lens 14, thus
form ng the Kophlienl systeinnafi anlager ePrOreesHpd opRPRER Y4 st@m of the
kind, the |aser beanms 20 are illumnated on the mask 12. Then, the nmask
pattern for negcondensentikh1dhesibrsf cePed YRRt e ERF fRERSHPT a work

pi ece, such as an orifice plate 2, by use of the projection focusing |ens
14. In this wa}PvePhéOBrifice plate 2 is processed by means of the |aser

oscillation. 25 (Secopd Emhodi nent) Figs A.to 4D and Figs. S5E to 5G are
views whiPch 3 0 0 Ehe Bgegnggggn? 0;01i9ateé from Ehe Faseg malg

body (not shown) is induced into the fly eyes or some

other optical integrator 10 to decompose the incident
laser beam flux into plural numbers, and the decomposed
beam fluxes are superposed by use of the field lens 11
10 on the mask 12 having a plurality of opening patterns
formed at predetermined pitches, thus correcting the
illuminating intensity of laser substantially equal for
illuminating the mask.
Also, the field lens 11 projects the dot images
15 converged on plural points by use of the fly eye lenses
10 on the positions of aperture 13 of the mask pattern
projection lens 14, thus forming the Koehler
illumination system.
For an optical system of the kind, the laser beams
20 are illuminated on the mask 12. Then, the mask pattern
formed on the mask 12 is projected onto the surface of
a work piece, such as an orifice plate 2, by use of the
projection focusing lens 14. In this way, the orifice
plate 2 is processed by means of the laser oscillation.
25 { Second Embodiment)

Figs. 4A to 4D and Figs. 5E to 5G are views which



Illustrate the steps of processing a cantilever to be manufactured by

| aser processing in accordance with a second enbodi nent of the preiﬁrﬂﬂ:m3
i nvention. Now, the description will be nade of the method 5 for

manuf acturing an el ectrostatic type cantilever in accordance with Figs. 4A
to 4D and Figs. 5Eto 5G In Fig. 4A, a basic nenber is prepared in such a
manner that an aluminumthin film42 is-féPfmed on a silicon base plate 41
by use of vapor deposition or 10 sputtering. Then, a resin film43
(actually, aresist film is coated on it by means of spin coating. Then,

in the step shown in Fig. 4B, the resin film 43 is locally renoved by the
radi ati on of pa’tJtJéW‘Srﬁﬁ’b"ge I S tePS SinRbneessdag Snc@G‘ﬂ'Tl&@tx’eéfurtPa@@ A. Then
in 15 the step sho 9 a metallic filma elastuﬁinetal film

wn i.n Fig. 4C, 4 ggn

such as al unmi nd¥i'8t %‘Jo*p"p“e‘*rdﬁ;l BY L3557 med 57 STaATs 18 ATER6P38S50&i HTof  Then,
h Fig. 4 i ; j,at] f | t I I havi

o cdorerm nod reihd SR SOl el IR S R um

filma2 and silicon fase (el A3 dPGANLY HeeHRRd oY e metlld mt i ng
e

ablation at a time. Inthis case, aser in use Is near infrared having

the wavel epgth Sz i MB oG GRDWEe el kyPeataf kst 4150 25

fenmt oseconds per pulse; the [ight energy of laser “radiation is 800
m crojoul s per pudSeiarddie M ahet. ARy Zl‘;)e%%'dt ¥ighl usceh is%.

approximately 50 jouls/cn2; 30 C 2003 -
In Fig. 44, a basic member is prepared in such a
manner that an aluminum thin £film 42 is formed on a
silicon base plate 41 by use of wvapor deposition or
10 sputtering. Then, a resin film 43 (actually, a resist
film) is coated on it by means of spin coating.
Then, in the step shown in Fig. 4B, the resin film
43 is locally removed by the radiation of patterning
laser to form the electron contact surface A. Then in
15 the step shown in Fig. 4C, a metallic film 44 (an
elastic metal film such as aluminum or copper) is
formed by means of vapor deposition.
Then, as shown Fig. 4D, with the radiation of
ultrashort pulse laser having a predetermined pattern,
20 the metallic film 44, resin film 43, aluminum film 42
and silicon base plate 41 are locally removed by the
sublimating ablation at a time. In this case, the
laser in use is near infrared having the wavelength of
775 nm; the temporal width of radiated pulse is 150
25 femtoseconds per pulse; the light energy of laser
radiation is 800 microjouls per pulse; the radiated

energy density (fluence} is approximately 50 jouls/cm?;



and the pul se energy density is approximtely 300 terawatts/cnR2. Then, in
the step shown in Fig. 5E, the resin layer 43 is fused and renpved to
conplete the structure 5 of a cantilever. After that, in Fig. 5F, '\t}jﬁﬁeE 0
el ectric charges are accunul ated on the | eading end of the canti Ié e Q/\“EL
the electric filed which is formed by drawing wire fromthe silicon base
plate. When the electric charges are fil hgd-with the predeterm ned 10
electric field, the portion of the cantilever at 44 is open and rai sed as
shown in Fig. 5G In other words, a mcrolever is produced, which is open
or closed by the switching of electric fields. The aspect that should be
gi ven attenti oraddrtHdgullde RGeS idehsatepd shapprbxismataat, di00f er ent ki nds

of material are processed in one and the sanme step as shown in Fig. 4D
In the case of tarawasctafea’by neans of the conventional |ithographic
process, each individual different nmaterial should be given a series 20 of
processes, such as dthen ngn rds sttegshlshoyn vini #hg.ubEl i zbet hesiasi st
coating, resist patterning exposure, resist devel opnent, and resist
patterning for karer 4% g ifosed sndugenoaednggbeemp\hetly the gitaysiure
embodi ment, it is possible to carry out the required 25 processing in an
extrenel y 3i nplaf st emntilmign ErPt%dﬁrnéﬂi’ta)t'Filg!s Figa P&.6Ehgr €1ecadRd Snhi ch
illustrate the 30DEC2003 - 48 )
charges are accumulated on the leading end of the
cantilever with the electric filed which is formed by
drawing wire from the silicon base plate. When the
electric charges are filled with the predetermined
10 electric field, the portion of the cantilever at 44 is
open and raised as shown in Fig. 5G. In other words, a
microlever is produced, which is open or closed by the
switching of electric fields.
The aspect that should be given attention for the
15 processing steps herein is that different kinds of
material are processed in one and the same step as
shown in Fig. 4D. In the case of manufacture by means
of the conventional lithographic process, each
individual different material should be given a series
20 of processes, such as etching, resist ashing, which
utilize the resist coating, resist patterning exposure,
resist development, and resist patterning for the
formation a structural member. With the present
embodiment, it is possible to carry ocut the regquired
25 processing in an extremely simple step.

(Third Embodiment)

Figs. 6A to 6C are views which illustrate the



steps of processing the ink discharge ports to be manufactured by | aser
processing in accordance with a third enbodi nent of the present in%ﬁqfiﬁmn
Now, the description will be nade of the method 5 for processing t fgp
i nk di scharge ports 40 on the orifice plate 60 of an ink jet recording
head in accordance with Figs. 6A to 6C gg Fig. 6A, an orifice plate

p

menber is prepared by inserting a thin'c ér foil 62 into the pol ysul fone
10 sheet 61. Wth the insertion of the copper foil 62 into the polysulfone
sheet 61, the follow ng can be achieve, anong some others: (1) The therma

expansi on of thqﬁﬁ%%*%y&%%ﬁﬁgﬁggﬁﬂﬂﬂ%éi%%ﬁ%E%%h%§ﬁ%L§%?FnZt%f%§ ble to that

of the silicon % ase ere e "SI1T1Co ate 70

const tuti ng e L LW PALNS,dol il hATRer Bl e icke 1 the

ink jet main bo charge pressur€ generating elenment

20 i ncor por at edmdligwsemi Ad _#:)(s:%{'é;:p@eg% i g\ﬁ%tntqondrav\back from t aki ng

pl ace on the bonding o e ori ate ue to heat up of the ink jet

recording head or thghealfdhddal JBLOGRYN B Adel BF +8eS elthigld on

thereof for delivery. 75 (2) The copper foil may function to radiate heat
in order tg prementppedaiRy e iRndyaK Aildhdaremperalsune Hbnsarnahat may

occur locally on the orifice 30 DEC2003 - 49
orifice plate 60 of an ink jet recording head in
accordance with Figs. 6A to 6C.

In Fig. 6A, an orifice plate member is prepared by
inserting a thin copper foil 62 into the polysulfone

10 sheet 61.

With the insertion of the copper foil 62 into the
polysulfone sheet 61, the following can be achieve,
among some others:

(1) The thermal expansion of the polysulfone sheet

15 is made as close as possible to that of the silicon IC
base plate 80 where the silicon ceiling plate 70
constituting the ink flow paths, ink liquid chamber,
and the like of the ink jet main body, and ink
discharge pressure generating elements 81 are

20 incorporated, thus making it possible to prevent a
drawback from taking place on the bonding of the
orifice plate 60 due to heat up of the ink jet
recording head or the heating that may occur during the
distribution thereof for delivery.

25 (2) The copper foil may function to radiate heat
in order to prevent any deformation due to the

temperature rise that may occur locally on the orifice



pl ate 60. Then, as shown in Fig. 6B, the polysulfone |ayer 61 and the
copper foil layer 62 are processed by sublimating ablution at a tine to
formthe ink 5 discharge ports 40 by irradiating the ultrashort pul sg0 DEC 2003
| aser having the predeterm ned pattern by use of the mask projection
optical systemor the like. The laser wused in this case is the sane as the
one used for the second enbodi nent, whic4% s the near infrared rays 10
havi ng the wavel ength of 775 nm the tenporal width of radiated pulse is
150 fentoseconds per pulse; the light energy of laser radiation is 800

m croj oul s per ulse the radi ated energy density (fluence) is

approxi matel y %nﬁ%/cnﬁ and the pulse energy density is 15
approxi mately 60 ter tts/c Then N sh in F| GC t he
orifice plate 60 haJﬁHﬂ’ lhﬁgb Q%% Bfﬂggp

dhesively b k ft I d th
?hee;e\s/?t ?/onotr)]f he f%< I n pat fo’ﬁ{la&%ﬂ% 6%0 a% E’frag:[ upsl%rctigi;l hgepr:Mnm pal
part of the i n@dﬁlmggcrﬁi%tﬁtqlﬁ%%d 1_( FOL{:&H& IHFthr)ef Flr]g(s 7A to 7C are

views which illUstrate t processing th Iom1paths and an

ik 25 11 ogi & chanber; 4o asrggfewt 57 iR 168 10 lhatRrRl e 3k | et

recordi ng head 1'n acc ourt nment e p esent
Invention. 30 DR{s20G3ivim the predetermined pattern by use of the

mask projection optical system or the like. The laser
used in this case is the same as the one used for the
second embodiment, which is the near infrared rays

10 having the wavelength of 775 nm; the temporal width of
radiated pulse is 150 femtoseconds per pulse; the light
energy of laser radiation is 800 microjouls per pulse;
the radiated energy density (fluence) is approximately
10 jouls/cm?; and the pulse energy density is

15 approximately 60 terawatts/cm?’. Then, in the step as
shown in Fig. 6C, the orifice plate 60 having the ink
discharge ports 40 formed therefor is adhesively bonded
to the ink jet main body 65 after being aligned with
the position of the ink flow paths 71, thus

20 manufacturing the principal part of the ink jet
recording head.
{ Fourth Embodiment)

Figs. 7A to 7C are views which illustrate the

steps of processing the ink flow paths and an ink

25 liquid chamber to be provided for the ceiling plate of
an ink jet recording head in accordance with a fourth

embodiment of the present invention.



Now, the description will be made of the nmethod for processing to formthe
ink flow paths 71 and an ink |iquid chanber 72 on the ceiling plat%[gﬁEgﬁwz
an ink jet recording head 70 in accordance with Figs. 7A to 7C and

Figs. 8

Dto 8E. In Fig. 7A, a plate nmenber is shown, which is a

pol ysul fone plate 61 with glass fillers_benng mxed in it in order to
s the thermal expansion coefficient. Then, as shown in Fig. 7B, the
ort 10 pulse laser is radiated with predeterm ned pattern by use of
k projection optical systemor the like to process it together with
the glass fillers byde trelRldgBtipte odbhalilohe h@Ree JrofHNGdthRd Nk f1ow
71 and the ink lI'iquid chanber 72 as shown in Fig. 7C. 15 The | aser
used in this cagsr igrdddsSHHPE 25 fdit AR Us@d £100 phitdisseaonchaang tikik d
enbodi nents, which is the near infrared rays having the wavel ength of 775
t enporailquildidhatibaradizaioed thid £@illSnibPibert goeeFnds iPe jR se;
ht energy of laser radiation is 800 20 m crojouls per pulse; the
radi at ed ener gyretensiiing hHdddiéicen iatcapdamcenatiehy Figs).owas teonZ,C and t he

suppres
ul trash
t he mas
pat hs

nm the
the lig
pul se

shown i

el enent

energy density is approximately 60 terawatts/cnR. Then,

in the step

n FBg. 8Dgg.hdsitla & | C base plate 80 having the ink discharge
pressure generating 25 elenments 81 incorporated thereon is adhesively
bonded with the inkrf|fog.patths a7 plate imeinbeirs disasiewpr, esduiicd igemer ati ng

s 81 after alignment therewi th. 300EC2003 - 51

polysulfone plate 61 with glass fillers being mixed in

it in order to suppress the thermal expansion

coefficient. Then, as shown in Fig. 7B, the ultrashort

10 pulse laser is radiated with predetermined pattern by

use of the mask projection optical system or the like

to process it together with the glass fillers by the

sublimating ablation, hence forming the ink flow paths

71 and the ink liguid chamber 72 as shown in Fig.

7C.

15 The laser used in this case is the same as the one used

for the second and third embodiments, which is the near

infrared rays having the wavelength of 775 nm; the

tempeoral width of radiated pulse is 150 femtoseconds

per pulse; the light energy of laser radiation is 800

20 microjouls per pulse; the radiated energy density

(fluence) is approximately 10 jouls/cm?; and the pulse

energy density is approximately 60 terawatts/cm®.

Then,

in the step shown in Fig. 8D, the silicon IC base plate

80 having the ink discharge pressure generating

25 elements 81 incorpcrated thereon is adhesively bonded

with the ink flow paths 71 and ink discharge pressure

generating elements 81 after alignment therewith.



Then, in the step shown in Fig. BE, the orifice plate 60 is adhesively
bonded with the ink discharge ports 40 and ink flow paths 71 afterEUDEEZﬂB}
alignnment therewith to nmanufacture the principal part of an ink 5 |
recording head. (Fifth Enbodi nent) Figs. 10A and 10B are vi ews whi ch
illustrate the principal part of ink di_sgiarge portion for a plane

di scharge type ink jet recording head in cordance 10 with a fifth
enbodi ment of the present invention. Now, the description will be nade of
the present enbodinent in accordance with Figs. 10A and 10B. Fig. 10Ais a

vi ew whi ch shows they] &ksdl sq:q)%r %q:eg léli-'l?%%e 191f Ftl% b%k @h%cpj I’%%‘_C%I’I nci pal

portion of a 15 pl ane arge typ | et recording head. 10B is a

t | 1 F For th
o1 csent _embodt RS (1 ne o Vo Sreae 033 %ﬂﬁelp]ﬁkbgﬁg\kg%t s 1023,

the ink buffer,ghamgy ajfflizzl,nliarf‘idvﬁ%a't'ﬂié @'15%%%9351&9@%%18%‘%21 20 are

processed and forrred using a nethod represented in on a silicon IC

base plate 101G HRaEWIGH Mo nErnvGRRE8 RS m&l@hqrrgetr& @144 ngkal | ed
thereon in a state where a resin plate 1020, which is transparent in the

range frorg vi sijdte deaysrdiqgnersad.nfrar ed rays 25 i s adhesively bonded
therewith. Here, the ultrashort pulse |aser beans (one picosecond or |ess)
havi ng the wavatieitgt lEmfoddfenth i s convergently radiated onto the 3 0 0 E
C 2003 - 52
Figs. 10A and 10B are views which illustrate the
principal part of ink discharge portion for a plane
discharge type ink jet recording head in accordance
10 with a fifth embodiment of the present invention.
Now, the description will be made of the present
embodiment in accordance with Figs. 10A and 10B.
Fig. 10A is a view which shows the ink discharge
surface of the ink discharge principal portion of a
15 plane discharge type ink jet recording head. Fig. 10B
is a cross-secticnal view taken on the position 10B -
10B in Fig. 10A. For the present embodiment, the ink
liguid chamber 1024, the ink flow paths 1023, the ink
buffer chamber 1022, and the ink discharge ports 1021
20 are processed and formed using a method represented in
Fig. 9 on a silicon IC base plate 1010 having ink
discharge generating elements 1011 installed thereon in
a state where a resin plate 1020, which is transparent
in the range from visible rays to near infrared rays,
25 is adhesively bonded therewith. Here, the ultrashort

pulse laser beams (one picosecond or less) having the

wavelength of 775 nm is convergently radiated onto the



predeterm ned position inside the resin plate 1020 for the formation of

t hese nenbers descri bed above. The details of the | aser used here i sy %%E?mﬂ
infrared rays having the wavel ength of 775 nm the 5 tenporal w dth ?

radi ated pulse is 150 fentoseconds per pulse; the |ight energy of |aser
radiation is set so that the energy denskby_becones approxi mately 20
gigawatts/cn2 in a range of ~ 10 pm by converging the |aser beans which
have been reduced to 5.0 nanojouls 10 per pulse. After the resin plate

1020 is bonded onto the silicon IC base plate 1010 having the ink

di scharge pressd®@antrRld HbahamNtihisi@bl thest-aklied pikeeeqn2o the: i nk
| i qui d chanmber 1024, the ink flow paths 1023, 15 the ink buffer chanber

1022, and the iyHe dicxehadidhh d¥ortihest)dbmded spdesessbend abererd. In this
case, the laser processing is possible with the ink discharge pressure

generating el enents THl Bt Ishe fpatHeenaseaf uskelde heirki den healkkase pl ate
1010 as the criteria for that 20 processing. Therefore, unlike the case
where the sil iicoirsase et habdlgy itheahiayedengtth bdnd&8 amterthiehe i nk

| i quid chanber 1024, the ink flow paths 1023, the ink buffer chamber 1022,
and the ik di stEmpa@lporitdch D2 raddwed edepmlgeodesded deatbsemeddsor t he
resin plate 25 1020, the bonding alignnment errors nmay be elimnated so
that the ink |iRgA dulsevbahel Jaght Igaengy Oifowasgrhgadiezdont ke isek buffer

chanber 1022, and ink di scharge 30 DEC2003 - 53
so that the energy density becomes approximately 20

gigawatts/cm®’ in a range of ¢ 10 pm by converging the
laser beams which have been reduced to 5.0 nanojouls
10 per pulse,

After the resin plate 1020 is bonded onto the
silicon IC base plate 1010 having the ink discharge
pressure generating elements 1011 installed thereon,
the ink liquid chamber 1024, the ink flow paths 1023,

15 the ink buffer chamber 1022, and the ink discharge
ports 1021 are process and formed. In this case, the
laser processing is possible with the ink discharge
pressure generating elements 1011 and the patterns of
the silicon IC base plate 1010 as the criteria for that

20 processing. Therefore, unlike the case where the
silicon base plate 1010 is aligned and bonded after the
ink liguid chamber 1024, the ink flow paths 1023, the
ink buffer chamber 1022, and the ink discharge ports
1021 have been processed and formed for the resin plate

25 1020, the bonding alignment errors may be eliminated so
that the ink liquid chamber 1024, the ink flow paths

1023, the ink buffer chamber 1022, and ink discharge



ports 1021 can be incorporated in higher precision. (Sixth Enbodi ment)
Figs. 11A and 11B are views which illustrate the principal part of3quE[%wn
di scharge portion for an edge 5 face discharge type ink jet recording he
having the ink flow paths processed and forned by the | aser processing

met hod in accordance with a sixth enbodi nent of the present invention.

Now, the description will be nmade of thé ?6 manufacture of the YMC col or
circulating nozzle type ink jet recording head of the present invention in
accordance with Figs. 11A and 11B, and Figs. 12C and 12D. Fig. 11Ais a

pl an view of an_edge .face discharge 15t i,nk,j.et recordi.ng head; Fig.
D18 i s & sect | GRAS A wh T earedraien, i PAehett BRER 151 Prio

position 11B - . [ d 12D are the sectional views indicated by
arrows, taken éﬁ%}tﬁ%@g{lﬁ%@uc _ 12C and 12D - 12D in Fig. 11A, 20

respectively. As shqwg,'n 120S, { 20 S Lwvel resin plate
1140 having the ink n f%lgﬁﬁﬂ%¥g€a§ﬁé%g%rQlf%%laggghtﬁéiPﬁEg fgbﬁgfge ports

1142 incorpora&%qnéﬂﬁﬁfﬂﬂhﬂ§<ﬁpﬁﬁﬁﬁd%@@h%?b@9909%ibﬁefék|%%Q%d?@ base 25
pl ate 1130 having i nk discharge pressure generating elenents 1I31

i nstal | ed 4 her eQfbe Hi&IEhdrYd ONnkt jett RacbesiRgPhabe hh’4nigs thended,
which is transparent in 30 Ecggg) - - 53
ink flow paths processed and formed by the laser
processing method in accordance with a sixth embodiment
of the present invention.
Now, the description will be made of the
10 manufacture of the YMC color circulating nozzle type
ink jet recording head of the present invention in
accordance with Figs. 11A and 11B, and Figs. 12C and
12D.
Fig. 11A is a plan view of an edge face discharge
15 type ink jet recording head; Fig. 11B is a sectional
view which is indicated by arrows, taken on the
position 11B - 11B. Figs. 12C and 12D are the
sectional views indicated by arrows, taken on the
positions 12C - 12C and 12D - 12D in Fig. 11A,
20 respectively.
As shown in Figs. 11A to 12D, respectively, the
resin plate 1140 having the ink nozzle buffer chamber
1141 and the ink discharge ports 1142 incorporated
thereon is bonded and formed on the silicon IC base
25 plate 1130 having ink discharge pressure generating
elements 1131 installed thereon. Then, further on it,

the resin plate 1150 is bonded, which is transparent in



the range fromvisible rays to near infrared rays, having thereon the ink

| i quid chanmber 1152 and the ink supply port 1153 i ncor porated by ép ﬂg
formation or the like. Then, inside this resin plate 1150, the ink UMB
pat hs 1151 are processed and fornmed by use of the nethod represented in
Fig. 9 with the convergent radiation of the |aser beans of ultrashort

pul se (one picosecond or |ess) having rh§4wavelength of 775 nmon the
predeterm ned positions inside the resin plate 10 1150. Al so, as an
assenbling nmethod, it may be possible to adopt a techni que whereby to bond

the resin pIa 1150 on the resi ate 1Q20 after subsequent

Lo the ik FI oviisaiFRRSR i i ket 555 dde &ﬁ?t@%ﬁf&f&q%. de the

resin plate 1150 |n 1 advanc The det.aj l. f t he | here I.S: near
A The HE O s, Endier 1380 WHE G e

infrared rays havin 8 mevelengfh of

radi ated pul se I ht. _ener A | aser

radiation is se%&i%f’}gogcfe‘{?a e ener f%lrém '?)9' E)ng)g'orre afp%:rmoﬁné’t &1 y 15

gi gawatts/cn? ig, dé f‘%@e Qlfhen 1(}]]%@ r%vere@ g e lﬁ%‘%f %mgI whi ch
t'o g,

have been reduce 5 nanoj’ou per | s set’tin e |nner

process iss exegiethardts ROrs1t % Iﬂ%de%tserdee%dlf@ﬂneea e Ig¥K i

paths 1151 can be drawn around thrée-di nensi onal | I nsi de the reS|n plate

1150. Ther ef or et Hb@ At fredl G rPEG R0G3 witho the convergent

radiation of the laser beams of ultrashort pulse (one
picosecond or less) having the wavelength of 775 nm on
the predetermined positions inside the resin plate

10 1150. Also, as an assembling method, it may be
possible to adopt a technique whereby to bond the resin
plate 1150 on the resin plate 1020 after alignment
subsequent to the ink flow paths 1151 having been
processed and formed inside the resin plate 1150 in

15 advance.

The details of the laser used here is: near
infrared rays having the wavelength of 775 nm; the
temporal width of radiated pulse is 150 femtoseconds
per pulse; the light energy of laser radiation is set

20 so that the energy density becomes approximately 15
gigawatts/cm? in a range of ¢ 10 pm by converging the
laser beams which have been reduced to 3.5 nanojouls
per pulse. With this setting, the inner process is
executed.

25 For this ink jet recording head, the ink flow
paths 1151 can be drawn around three-dimensionally

inside the resin plate 1150. Therefore, in accordance



with the present enbodi nent, the structure is arranged so that ink of
three colors, YMC (Yellow, Magenta, and Cyan), are supplied fron1e3®méﬁ
the ink supply ports 1153Y, 1153M and 1153C, respectively, and then, H@W
5 ink flow paths of the corresponding colors 1151Y, 1151M and 1151C are
pi ped through the ink Iiquid chanbers of %he correspondi ng col ors 1152Y,
1152M and 1152C for guiding ink to thé PRk “nozzl e buffer 1141 to enable
ink of YMC colors to be circulated in that 10 order. Thus, it is nade

possi ble to discharge ink with the circulating arrangenent of the ink

| buf f 114 1141 d.1141C. Wth h t t d
Dreing the |nk ittt e e dfng mpotiany rhel $tha R S B Bhgly 4 av
di rensional ly, t

he_.di,sch I ich - di ' |
to circulate ink gtfhél\ﬁf/%nq{:oef At ee%c’l\rggrlsc\;(l\/ﬁcﬁr( g1 Q,geg%a%%%lt%' L

orsfromt ee-color Iduid

chanbers, are ct | or , u Ki ' [ o I an ink
j et recording ﬁé%gpﬁafﬁﬁbggﬁggﬁgggé.ce.?fggbog?FgﬁgggﬁiorE@ﬂ%ﬁéﬁﬁﬁk¥hree
colors, respectjmply. Mgy rREONAINAE | RYLAIVRA YOV i THBK itfle
recording head, there is no need for nmaking resisf adjustnents between

the respeofive GOl OFiow NatdR! Jf Ao ddr¥RSpdNdine ebloRiRadasakanges occur
to make it unnecessary to provide a 25 conplicatéd function to correct

col or resist oritmMEkid qal9c 18 Yipad UhidRh heknagnk naspaeti ve col ors.
Then, images can be printed with stabilized color 30 OEC2003 - 56
chambers of the corresponding colors 1152Y, 1152M, and
1152C for guiding ink to the ink nozzle buffer 1141 to
enable ink of YMC colors to be circulated in that

10 order. Thus, it is made possible to discharge ink with
the circulating arrangement of the ink nozzle buffers
1141y, 1141M, and 1141C.

With such arrangement as to draw around the ink
flow paths 1151 inside the resin plate three-

15 dimensionally, the discharge nozzles, which are
arranged one-dimensionally to circulate ink of YMC
colors from the YMC three-color ink liquid chambers,
are connected per color, thus making it possible to
form an ink jet recording head having discharge cells

20 arranged for adjacent three colors, respectively. When
recording is performed by this ink jet recording head,
there is no need for making resist adjustments between
the respective colors. No color deviations nor color
phase changes occur to make it unnecessary to provide a

25 complicated function to correct color resist or to make
color resist adjustment between respective colors.

Then, images can be printed with stabilized color



reproduction. 1In this respect, it is of course possible to manufacture an

i nk jet recordi ng head having discharge cells arranged for adjacen [fﬁﬁﬁ?ﬂﬂ
colors of YMCK 5 (Yellow, Mgenta, Cyan, and Bl ack), not necessarily fo

adj acent three colors of YMC descri bed above, by connecting the discharge
nozzl es arranged one- dinensionally to cikgul_ate YMCK colors fromthe
corresponding ink liquid chanbers containing four 10 col ors, YMZX,
respectively. (Seventh Enbodinent) Fig. 13 is a view which illustrates the
outline of a processing nethod in accordance with a seventh enbodi nent of

the present inVF%&#é§PCé{bﬂﬁ g. 13, a 15 nask 136 is illum nated by the
| aser beans 131 e are radiated froma |aser oscillator (not shown)

which radiates the jasgfi deadgpddt t e uld IAskurRUIRsitAd ald on tine
(one picosecond or less). Then, the |aser beans that have passed the mask

pattern 138 ar enz i eed eth tihibe dtoausest diligokghca npRajrec dierHaarme 137.
The focusing inage is focused on the surface of a material (B) 133

positioned in hegkl Hfawrdmjet ifdr (A)jackht fQurt kwlethewbthamtk The materi al
(A) 132 and material (B) 133 are held by a base plate 134 as a work 25
pi ece. Wth thicveskeldw hqMaddretd as@rarhear] HHbhar)e nodr meetssartile fairt er of
the mask patter 138 to pass the material (A) 132 which is transparent with
the 3 0 DEC 2008ijadant three colors of YMC described above, by
connecting the discharge nozzles arranged one-
dimensionally to circulate YMCK colors from the
corresponding ink liquid chambers containing four
10 colors, YMCK, respectively.
(Seventh Embodiment)
Fig. 13 is a view which illustrates the outline of
a processing method in accordance with a seventh
embodiment of the present invention. In Fig. 13, a
15 mask 136 is illuminated by the laser beams 131 which
are radiated from a laser oscillator (not shown) which
radiates the laser beams in the ultrashort pulse
radiation time (one picosecond or less). Then, the
laser beams that have passed the mask pattern 138 are
20 projected to be focused through a projection lens 137.
The focusing image is focused on the surface of a
material (B) 133 positioned in back of a material (A)
132. On the other hand, The material (A) 132 and
material (B) 133 are held by a base plate 134 as a work
25 piece. With this setting, the laser beams 131 are

carried in the patter of the mask patter 138 to pass

the material (A) 132 which is transparent with the



| i ght absorptance of approximately 0.1% while keeping its energy al nost

as it is at the Iight wavel ength of the |aser beans, thus being rﬁgiﬁhge

on the material (B) 133 whose |ight absorptance is set at 50% or 2003
with the |light wavel ength of the | aser beans. The material (B) 133 that
receives the laser radiation and absorbs the Iight energy 50% or nore
creates the sublinmation phenonenon by the53b§orption of energy that

exceeds the threshold value of ablation 10 processing due to the
predeterm ned |light energy density of the |laser beans. In this manner, a

Whi oh 11 ust rat L Ehe SRITARITHE B pé‘arcqewaaa%igh i—‘é‘gi”dsﬁi‘% aping

di sch 15 t k d head k fl t

O ocoosod and (oiR STy ISR B o S8 At ) AT, S BlBR R 5 th ¢ ne

sevent h enbodl Eﬁ%pqﬁ%h§§eqﬁFmgQ%Eg}lg%le@gd_theﬁggscrl t|o mnll be
I'men

made of the present I N ac ance wi th 14B.

Fig. 14Ais the(B/ %ygﬁﬁﬁ@eq:ﬂ‘dﬂn&%fﬂy&n ﬁ%h%g%e sturfo%c% ng)q:ﬁ]Fl g.

14B is a cross-sectl on vi ew,” t ake ine e bl ue

pol ysul fong pl i 430 1 el it Gee ch 35, dichgs ﬁgd and 1269 i b

the |ight absorptance of “approximately 60%in the near infrared region of

775 nm which is theryavel@ngtd r@ngaf dhhe lr@%%&vg%a%etqa%riSODECZO% -
58

radiation and absorbs the light energy 50% or more
creates the sublimation phenomenon by the absorption of
energy that exceeds the threshold value of ablation

10 processing due to the predetermined light energy
density of the laser beams. In this manner, a hole 135
is formed inside the work piece.

Figs. 14A and 14B are views which illustrate the
principal part of ink discharges for a plane discharge

15 type ink jet recording head having the ink flow paths
processed and formed by the laser processing method in
accordance with the seventh embodiment of the present
invention.

Now, the description will be made of the present

20 embodiment in accordance with Figs. 14A and 14B.

Fig. 14A is the view observed from the ink
discharge surface side. Fig. 14B is a cross-sectional
view, taken line 14B - 14B in Fig. 14A. The blue
polysulfone plate 1430, in which a blue dye is

25 dispersed and mixed with the light absorptance of
approximately 60% in the near infrared region of 775 nm

which is the wavelength range of the laser beams to be



used, is adhesively bonded to the silicon IC base plate 1410 having the

I nk di scharge pressure generating elenents 1411 installed thereon. ﬁﬂﬁi’
on the blue polysulfone plate 1430, there is prepared a blank to 53 H003
I s adhesively bonded the col orl ess pol ysul fone plate 1420 having the |ight
absorptance of 0.5%or less in the near infrared region of 775 nmwhich is
the wavel ength region of the | aser beans o be used. Thus, the |aser
beans of 775 nm wavel ength of the near 10 infrared ultrashort pul se (one

pi cosecond or less) are allowed to pass the colorless polysul fone plate

1420 and irra on.t nM Si |0 f ue p sul f one
YLLE, Ok LML/ PIUB DR RASIHONS 19 NG ¢ Blle alsy

pl ate 1430. In this" manner, I qui anber

paths 1432, andji{¢ ﬂé‘[}b@é ﬁ*gfaﬁ'{k %@%r%d'?%egs%r@ %ce%%%g‘q:l d f or med

with the nethod descri I'n conjunction he details

of Lhe | aser engfgiedéansiy i W}l’}}é}%@fn'nfﬂh@ FRARNBHY D

wavel engt h of the tenpo radi at ed se s 20

fent oseconds pego P sEiodd G140t £ Bhetle :.@%rrerp%%%t 0 1igtydldpwed to

pass a mask pattern with the energy density of approxi mately 50 negawatts

/CMV2 by igradiwiidly ifeadrseivdisaBondiic hnd @dieduead it AHR
m crojouls per pulse on an area of 20 mMm x 170 mm 25 of the nmask 136, and

then, the mask phitermitdagerirgy thedUudemth tMabEorpdiandiee @ fOI0 . ¥ axXilaiLl v 4
mm x 34 mm through a 1/5 projection of the projection lens. In 3 0 DEC
2043 - 59 in the near infrared region of 775 nm which is the
wavelength region of the laser beams to be used. Thus,
the laser beams of 775 nm wavelength of the near
10 infrared ultrashort pulse (one picosecond or less) are
allowed to pass the cclorless polysulfone plate 1420
and irradiate on the predetermined positions of the
blue polysulfone plate 1430. In this manner, the ink
liquid chamber 1433, the ink flow paths 1432, and the
15 ink buffer chamber 1431 are processed and formed with
the method described in conjunction with Fig. 13.
Here, the details of the laser energy transfer in
use are: near infrared rays having the wavelength of
775 nm; the temporal width of radiated pulse is 150
20 femtoseconds per pulse; the light energy of laser
radiation is allowed to pass a mask pattern with the
energy density of approximately 50 megawatts/cm? by
irradiating the laser beams which are reduced to the
400 microjouls per pulse on an area of 20 mm x 170 mm
25 of the mask 136, and then, the mask pattern image is
reduced within an area or approximately 4 mm x 34 mm

through a 1/5 projection of the projection lens. 1In



this manner, the laser is radiated on the work piece wth the energy
density of approximately one gigawatt/cnR2 due to the energy | oss igﬁPﬁiﬁ@M
when passing the mask and the optical system As described 5 earl

| i ght absorptance of the colorless polysulfone resin is approximately 0.1%
with the wavelength of 775 nm The Iightsﬁbsorptance of the blue

pol ysul fone resin is approximately 60% w th the wavelength of 775 nm

Then, the threshold value of 10 ablation processing of polysulfone resin is
the energy density of approxinmately 15 negamatts/cn? Therefore, the

t hreshol d val uetl,?f a}pél%élon @{eoc];easﬁ%p%ﬁofratcﬂa Hf% V\hlqowtsql%% o(r)\](ca {ﬁgl n

by | aser radi at T OR i $ appr oxi e e

blue 15 pol ysulf [ gfcne. As a
result, the | aser égﬁé ]iﬁ?gﬂ% ergy 58%5|ty 0 pprOX|nater one
gi gavat t/ cne, @u@é@/éﬁdaﬁbe%orehet BRe¥gLK1BL8Cenal e ak! AUBA to pass the

colorl ess polysulfone plate 1420, but absorbed by the blue 20 pol ysul fone

pl ate 1430, hengespimsessd Nhdinardd Uhe RIS QR RIAL € ALANRL - ey
predeterm ned pattern. After the blue polysul fone plate 1430 and the

col orl ess pol ysedFpier pl g 1k anasdignderd o e YJlizard<C base plate
1410 having the ink discharge 25 pressure generating elenents 1411

install ed ther epmlyshefomk tesin di < haprexibid v e lignkyifdrowHeat hs 1432,
and the ink buffer chanber 1431 are process and formed. 3 0 D E E 2003 - 60

wavelength of 775 nm. The light absorptance of the
blue polysulfone resin is approximately 60% with the
wavelength of 775 nm. Then, the threshold value of

10 ablation processing of polysulfone resin is the energy
density of approximately 15 megawatts/cm?. Therefore,
the threshold value of ablation processing of the
colorless polysulfone resin by laser radiation is
approximately 15 gigawatts/cm?, while that of the blue

15 polysulfone resin is approximately 0.025 gigawatts/cm?,.
As a result, the laser beams having the energy density
of approximately one gigawatt/cm?, which are radiated on
the work piece are allowed to pass the colorless
polysulfone plate 1420, but absorbed by the blue

20 polysulfone plate 1430, hence processing the blue
polysulfone plate 1430 by the predetermined pattern.

After the blue polysulfone plate 1430 and the

coloriess polysulfone plate 1420 are bonded to the
silicon IC base plate 1410 having the ink discharge

25 pressure generating elements 1411 installed thereon,

the ink liquid chamber 1433, the ink flow paths 1432,

and the ink buffer chamber 1431 are process and formed.



In this case, the laser processing is perforned with the ink discharge
pressure generating elenments 1411 and the pattern of the silicon Ig[pggﬁumﬁ
plate 1410 as the «criteria therefor. Thus, unlike the case where the
silicon base plate 1410 is aligned and bonded after the ink |liquid chanber
1433, the ink flow paths 1432, and the inj buffer chanber 1431 have been
processed and fornmed on the blue polysul fone plate 1430, it becones
possible to elimnate the bonding alignnment errors so 10 that the ink

l'i quid chanber 1433, the ink flow paths 1432, and the ink buffer chamber

1431 can be ingQrpR{ategdsdn m%hﬂs@f e&l&&l ngi’}gégfgﬁﬁ]ﬁ%‘??ﬂfﬂpf t he

I nk di scharge portion o an 1nk jet recor to seventh

15 enbodi ment s ggs cf hibedli SORYEGE AP s \PF & RSHEh B P e I diend £11 48C A g N9

head t hrough the steps given below. Wile an electric base plate for which

the term nal s fehe Us@tOdrh NKE diiss had DN 655 Wes ORI iNflo e s are
pattern is bonded, an alum numor alumna 20 ceramcs base plate is bonded

to the silicon &fibasea ptisdeefer. hemiug adidl il tHe.caderhddie trd der that
hol ds each of the nenbers and the ink tank used for ink supply are bonded
to assenbl® an shki¢eh basorpliae heEd,idernceynEd\drd] mpratadidf tdmtthe
functions as an ink 25 jet recording head. (Ei ghth Enbodinent) Fig. 15 is
a view whi ch schekmaligald yclsdmver t 83, cHEG RO ow dhths 1432, and
the ink buffer chamber 1431 have been processed and
formed on the blue polysulfone plate 1430, it becomes
possible to eliminate the bonding alignment errors so
10 that the ink liquid chamber 1433, the ink flow paths
1432, and the ink buffer chamber 1431 can be
incorporated in higher precision.
The principal part of the ink discharge portion of
an ink jet recording head of the fifth to seventh
15 embodiments described above can be processed as an ink
jet recording head through the steps given below.
While an electric base plate for which the
terminals for use of ink discharge pressure generating
elements are pattern is bonded, an aluminum or alumina
20 ceramics base plate is bonded to the silicon IC base
plate for heat radiatioﬁ use. Then, the holder that
holds each of the members and the ink tank used for ink
supply are bonded to assemble an ink jet recording
head, hence providing a unit that functions as an ink
25 jet recording head.

{Eighth Embodiment)

Fig. 15 is a view which schematically shows the



optical path of the mask pattern projection optical systemof a |aser
processi ng apparatus in accordance wth an ei ghth enbodi nent of the
present invention. For the present enbodi nment, the |aser osci I | at ol E0EEH8
| aser that oscillates in a pulse radiatigp tinme of one picosecond or |ess.
More specifically, the radiated | aser beans are near infrared rays of 775
nm wavel ength, and the tenporal width of radiated pulse is 150

fem oseconds per pulse. The light energy of the 10 | aser radiation is 15 pJ
per pul se. Al sptiaalopafthcef phat mask pakysphf ppejettionpopthicak is used
for the nmain body of an ink jet recording head. Ink discharge ports are
formed for thisysaenf iofe apllaser proEegsit§, apparatuectinr accerdangeged to

i nduce 15 the beam flux 1501 oscillated fromthe | aser main body (not
shown) into thkdth wrepdghtth esbvedamket opt cbel presesyr AheentidB.in order to
divide the incident |laser beamflux into plural nunbers, and then, to
super pose the di viFéed theapreiserds eppotihaehite| theehases1osomlibgo20 mask
151 having a plurality of opening patterns formed at predeterni ned

pi t ches, 5t hus US&Sr d@seag thRé OFPF&Eﬁﬁﬁﬁihg RnPEASEt Yadiakiorr timesPantial ly
equal to illum nate the mask. Al so, the field | ens 1511 projects the dot

i ages 25 cofffer BAFOSRCPRGr 8F pESHts H9ras8PBrifpgatiy. eyBe enses 1510 on
the positions of aperture 1512 of the mask Eattern pr o ection7len% 1513,

t hus fornming fRaiRtER 4PS85 Beemspgie. nggr infrared rags of 775 n

wavelength, and the temporal width of radiated pulse is
150 femtoseconds per pulse. The light energy of the
10 laser radiation is 15 uJ per pulse. Also, an orifice
plate of polysulfone of 50 pm thick is used for the
main body ©f an ink jet recording head. Ink discharge
ports are formed for this orifice plate.
In Fig. 15, the structure is arranged to induce
15 the beam flux 1501 oscillated from the laser main bedy
(not shown) into the fly eyes or some other optical
integrator 1510 in order to divide the incident laser
beam flux into plural numbers, and then, to superpose
the divided beam fluxes by the field lens 1511 on the
20 mask 151 having a plurality of opening patterns formed
at predetermined pitches, thus correcting the
illuminating intensity of laser substantially equal to
illuminate the mask.
Also, the field lens 1511 projects the dot images
25 converged on plural points by use of the fly eye lenses
1510 on the positions of aperture 1512 of the mask

pattern projection lens 1513, thus forming the Koehler



I 1lum nation system For an optical systemof the kind, the | aser beans

are illumnated on the mask 151. Then, the mask pattern fornmed on the nask
151 is projected and focused 5 on the surface of the orifice plate F9oD&2003
the ink jet recording head 153, which is a work piece, by use of the
projection focusing lens 1513. In this way, the ink discharge ports are
processed by neans of the laser oscillati®n-~ 10 The ink di scharge ports
are processed by the | aser processing apparatus described above as a work
piece. Now, the details thereof will be described in conjunction with

Fig. 16. As shown in Fig, 16, a work piece, polysulfone 15 resin, is at

first mxed wit hiPBPTENRGEOR TR e radiation of |aser beams, which is
near infrared rays f 775 nm wavel ength with a |ight squrce having the
temporal width of ostPTI3RiPREIRE AP Hof5ge fké'gidoséﬁ't?ndsaﬁfe? DRARS
thus coloring the pplysulfone 20 resin entirely in blue up to the interior
thereof. The off¥i {:Jei/‘b’T”art’%tfe%ﬁQ:hﬁTes WQﬁq?rE]dﬂby e af e MK pol ysul f one

0, oo g PR ot 350 0 0 T4 Bt o) 4 19
hor s e Th LRSI SLPRLEBe U SR A SHBMEL TR RES,
DEC2003 - 63 recording head 153, which is a work piece, by use of
the projection focusing lens 1513. In this way, the
ink discharge ports are processed by means of the laser
oscillation.
10 The ink discharge ports are processed by the laser
processing apparatus described above as a work piece.
Now, the details thereof will be described in
conjunction with Fig. 16.
As shown in Fig. 16, a work piece, polysulfone
15 resin, is at first mixed with blue dye using the
radiation of laser beams, which is near infrared rays
of 775 nm wavelength with a light source having the
temporal width of oscillating radiation of 150
femtoseconds per pulse, thus coloring the polysulfone
20 resin entirely in blue up to the interior thereof.

The orifice plate, which is formed by the
aforesaid polysulfone in a thickness of 50 pm, is used
as the main body of an ink jet recording head. Then,
the ink discharge nozzles are formed on the orifice

25 plate by use of the aforesaid optical system,

Then, as compared with the case where the ink

discharge ports are formed by the radiation of laser of



approxi mately 2000 pul ses for an orifice plate formed by the orifice plate
of original color, that is, transparent and colorless, the ink disggﬁﬁﬁ?
ports can be formed by the radiation of |aser of approximately 5 1 2003
pul ses when the pol ysul fone colored in blue is used for the orifice plate
as descri bed above. Therefore, it becones_possible to obtain the
processing efficiency alnost as much as 5§ Cimes. In this case, not only

t he enhancenent of the 10 processing efficiency is an advantage, but al so,
it becomes possible to expand the processing area |larger in the sanme

' ffig . t-h i_cati f h I illati
processi 19 of 1 Shene e ARRLIGANGD A JhE-sETEd B 038at 1 19,
be made of an Il?s(iﬂ% gﬁc‘%&% E%E{{%g%ﬁ hel] i%%tlurcgqoq_y té&%tag@ i cation of

the | aser proce ng et rst enbodiment ‘descri bed above. In

Figs 17A to 17G . a Lol &I Ance IWHRA1 33 483 gpat tﬁisgﬁlgqg,gc%logtst% G this

base plate, the 1 nk™ 20 di scharge pressure el enents

el ectrot her mal #d ansdicd Ng, SRR at8lRC WO TRERAN bGala plh 335 HaGia!

el enents, are arranged for discharge ink. Each of the ink discharde
pressure gener afddGpu RN 3hd PAYRNIRE BolRrlaofint B ek f hwgrat hs

25 31 comrunicated with the discharge ports 201. Each of the ink flow paths
31 is comuni catd did i oPRite lHsdiedceidedeandde .3 ThlRer2Re3 - 64
it becomes possible to obtain the processing efficiency
almost as much as 20 times.
In this case, not only the enhancement of the
10 processing efficiency is an advantage, but also, it
becomes possible to expand the processing area larger
in the same processing efficiency by the application of
the same laser oscillating energy..
Now, in accordance with Figs. 17A to 17C, the
15 description will be made of an ink jet recording head
manufactured by the application of the laser processing
method of the first embodiment described above.
In Figs 17A to 17C, a reference numeral 33
designates a base plate. On this base plate, the ink
20 discharge pressure elements 34, such as electrothermal
transducing elements, electromechanical transducing
elements, are arranged for discharge ink.
Each of the ink discharge pressure generating
elements 34 is arranged in each of the ink flow paths
25 31 communicated with the discharge ports 201. Each of
the ink flow paths 31 is communicated with the common

liguid chamber 32.



Wth the ink supply port of the common liquid chanber 32, an ink supply
tube (not shown) is connected to supply ink froman ink tank throqg@ %E?
ink supply tube. 5 Also, a reference nuneral 35 designates a ceili DEC 7603
pl ate having the recessed portion to formthe ink flow paths 31 and the
common |iquid chanber 32, which is bonded to the base plate 33 to formthe
ink flow paths 31 and the common |iquid chanber 32. 10 Further, on the
edge side of the ink flow paths of the bonded body of the base plate 33
and the ceiling plate 35, the discharge port plate 2 (hereinafter

referred to an Orifiﬁfttﬁ"ﬂ&ﬁ)iﬂ}? ﬁﬁg{r}g%f@ tdr HesS HH as&g_lrf%}ﬁcgm. 15 An

ink jet recording head of the kindc manuf act ur e en below. In

other words, thenhigsdersz 34mhinh Al Reatubd MRIAdHMI LSS tdoralEdEnt s
for use of ink discharge pressure generating, the integrated circuit, such

as 20 shift regist@isply Nk SHM)an aitth thhiel@iidudgh WHd NGk ahgpgat t er ned
on the silicon base plate to formthe base plate 33, and at the sane tine,

the ceiling platebe35 is produced by a silicon plate where the recessed
portion that becones the ink flow paths 31 and the ink 25 |iquid chanber
32, and andink supplAdlsor ta (rofersdrove )nunerm if @areldiygragass aofcdilia rghem cal
etching. After that, the base plate 33 and the ceiling 30 DEC 2003 - 65
plate having the recessed portion to form the ink flow
paths 31 and the common liquid chamber 32, which is
bonded to the base plate 33 to form the ink flow paths
31 and the common ligquid chamber 32.

10 Further, on the edge side of the ink flow paths of
the bonded body of the base plate 33 and the ceiling
plate 35, the discharge port plate 2 (hereinafter
referred to an orifice plate) is arranged with
discharge ports 201.

i5 An ink jet recording head of the kind can be
manufactured as given below.

In other words, the heaters 34 which are heat
generating resistive elements for use of ink discharge
pressure generating, the integrated circuit, such as

20 shift registers, (not shown), and the electric wiring
are patterned on the silicon base plate to form the
base plate 33, and at the same time, the ceiling plate
35 is produced by a silicon plate where the recessed
portion that becomes the ink flow paths 31 and the ink

25 liquid chamber 32, and an ink supply port (not shown)

are formed by means of the chemical etching.

After that, the base plate 33 and the ceiling



plate 35 are aligned so that the edge face on the ink discharge side and
the arrangenent of the ink flow paths 31 and heaters 34 are in agrgﬁfﬁgﬁ
and then, bonded together. After this alignment and bondi ng 5 oper at ,2W3
the orifice plate 2 is aligned with and bonded to the bonded body of the
ceiling plate 35 and the base plate 33 so that the nozzles (discharge
ports) 201 are set on the predeterm ned ®&sition on the edge face on the

i nk di scharge side thereof. 10 Thereafter, the termnals for use of heater
driving (not shown) are patterned and bonded to the electric base plate,
and at the sane tine,.the base, l_gelate formed by al um num ceramcs, or the

like is bondedPt®dt? e R HignedFo - e af9udraeman Bhendindks each
of the nenbers, .and the ink, tank, fqQr suppl i nk are connected to assenbl e
an ink jet recottiHPTHe NI ¢ iafi‘l%pa]rée"}eéﬂbﬂﬁ r%’en t

manuf act ured, j CoE |.b tp, prevent the occuyrrenc f the 20
positional fl ucé%%l?lgon o%nc?%ﬁééd‘f s% aér)4gearcﬁ rlenctalggr?e%'l?%{{’t 5‘ntcﬁé%r?§huf acture

in which the di i d. |
in which the di @e%cggeﬁelare er Wﬁ%%ﬁ%%rﬁ%ﬁéﬁ@@&d%ﬁfﬁe n

accordance with the pr nt enbodi'nment, an orifice pl by

pol ysul fong of PR LGN ClelS 020 Use G Al the gTaiin %%yuaftkhag.lddﬁk j et

recordi ng head. Then, using the aforesaid optical systemin schar ge

ports are fornesbidda tée @d Bl Bpidh e RAAEEHO atP&B5 and

the base plate 33 so that the nozzles (discharge ports)
201 are set on the predetermined position on the edge
face on the ink discharge side thereof.

10 Thereafter, the terminals for use of heater
driving (not shown) are patterned and bonded to the
electric base plate, and at the same time, the base
plate formed by aluminum, ceramics, or the like is
bonded to the base plate 33. Then, the holder that

15 holds each of the members, and the ink tank for supply
ink are connected to assemble an ink jet recording
head.

With the ink jet recording head thus manufactured,
it becomes possible to prevent the occurrence of the

20 positional fluctuation of ink discharge direction due
to the manufacture in which the discharge ports are not
processed to be evenly directed.

In accordance with the present embodiment, an
orifice plate formed by polysulfone of 50 pm thick is

25 used for the main body of an ink jet recording head.
Then, using the aforesaid optical system ink discharge

ports are formed for the orifice plate with the



radi ati on of |aser beanms which are near infrared rays of 775 nm wavel ength
havi ng the tenporal wdth of radiation pulse being 150 fent oseconds/cn®

per pulse; the light energy of laser radiation being 15 J per 5 pulisklt@10d3
the radi ated energy density (fluence) being approximately 1J/cnR per

pul se. Here, 50 ink jet recording heads_a%% manuf actured to observe the
shape of discharge ports, with the result that all the discharge ports
present clean and 10 snooth edges with the formation of ink discharge ports
arranged in parallel in high precision, and that the variation of the

aperture di amelegsple £4¢ £ SEE GoamPiin o Wi olaG ANIGRLEe 1Nk
e 1s signi h

di schargi ng si I cantly reduced as conpared wth the

conventional  15¢ Opgs h SPavd e RH YadviRd RHN G drpdR@l1f YiRe, Ry use of the
ink jet recording heads thus manufactured, with the result that evenly

lined print dotss®f£ti&cPlesh Wdihg ClRAEAIS B HhaPgepf pdots; thus

obtai ning images 20 of excellent print quality. Here, in accordance with

the above descripyd i Piyh@rens@ £ lsseh QMg ifadti drhee®ighad fir gear m ng i nk
di scharge ports. However, the present invention is not necessarily limted

thereto. 1% is pilsourasd pessi i@ ated erdgmnsdandiayt (€1l frtingvhen
the ink flow paths, the ink |iquid chanber, and the ink supply port are
processed. 30 DEGXOO8imatyly 1J/cm’ per pulse.

Here, 50 ink jet recording heads are manufactured
to observe the shape of discharge ports, with the
result that all the discharge ports present clean and

10 smooth edges with the formation of ink discharge ports
arranged in parallel in high precision, and that the
variation of the aperture diameter of each discharge
port on the edge portion on the ink discharging side is
significantly reduced as compared with the conventional

15 one.

Also, the actual printing is performed by use of
the ink jet recording heads thus manufactured, with the
result that evenly lined print dots are recorded with
clear and smooth shape of dots, thus obtaining images

20 of excellent print quality.

Here, in accordance with the above description, an
example is shown for the method for forming ink
discharge ports. However, the present invention is not
necessarily limited thereto. It is of course possible

25 to demonstrate the same effect when the ink flow paths,
the ink liquid chamber, and the ink supply port are

processed.



Further, in accordance with the above description, an ink jet recording
head is described. However, the present invention is not necessari I3y C 2003
limted thereto. For exanple, the invention is preferably applicabl eD P% %9
the | aser processing related to the mcronmachining of a sem conductor base
plate or the like. Therefore, it is to be understood that these are
included in the present invention. As def¢ribed above, in accordance wth
the present 10 invention, it is possible to performa highly precise
processi ng without creating by-product, and fundanentally prevent the

converted thermal engr from bein ccunul ated .on a work_ piece, such as
resin, during the gl'g‘é‘gé?‘?’én Yt q%cgﬁfméé‘sﬁrhd?helﬁlbﬁvseo,d HHIorPance

with the presenéni nxﬁntéggreééléd]jtlf%qrosasd hll erdt gsézgrisz ni .i %ﬁ'@ﬁjg"firﬂ% ase the

tenporal energy dlensr?y urin Her pi ece,

such as resin, yﬁ%&i} E%‘fw‘?‘é’% bjys q%@tge%%s%%]%qﬁgsignﬁtre%ﬁ feg%l? .I i ?rmunt

of light energ I naccordance w I nventi

becomes possi bl g,t Oe%élé h;ﬁé’%@?@?%@ tq%fef@i‘ab‘irl %ﬁli@bﬁ% &

required for the convention art, ecause ereis no creation of

by- products duripg ié@ef’%@ééﬁirﬁleﬂﬁs‘ﬂ%dﬂ q3% 'cr-gﬁ%’c?*{iggﬁ'{q flo‘rf H]e

productivity of ink jet recordi ng ads 1 s enhance signi so,

in accordance WdihiddanEeSeBaddEHtOBr ithe3 18 K& .E @ srPB it is

to be understood that these are included in the present
invention.
As described above, in accordance with the present

10 invention, it is possible to perform a highly precise
processing without creating by-product, and
fundamentally prevent the converted thermal energy from
being accumulated on a work piece, such as resin,
during the operation of laser processing.

15 Also, in accordance with the present invention, it
is possible to significantly increase the temporél
energy density during the laser processing. Then, a
work piece, such as resin, can be processed by ablation
with an extremely small amount of light energy.

20 Also, in accordance with the present invention, it
becomes possible to omit the removal process of by-
product which is required for the conventional art,
because there is almost no creation of by-product
during the operation of laser processing. Therefore,

25 the productivity of ink jet recording heads is enhanced
significantly.

Also, in accordance with the present invention, it



I's possible to solve the problemthat a work piece is caused to be
thermal | y expanded during process so as to degrade the processed prﬁfhfﬁf“ﬁ
or the work piece is caused to be fused partly, because the requiré
process 5 is over before the thermal energy, which has been converted from
the light energy of |aser beans radi ated n the work piece, such as resin,
I s accumul ated thereon. Therefore, a hfgﬁ “precise processing is

possi bl e to enhance the performance of an ink jet 10 recordi ng head

significantly. Al so, the process material is not necessarily limted to
resin. Because H& 09 SER | ﬁ_ﬂ.‘Hﬂ el.e ]Fq{ hsat .d rsion

ﬁ? X . ) ﬁ é?a
advances fronlbigﬁ? radi ati on e&%n é% a naterﬁﬁ giﬁhg a ’gé eﬁjieat 15

transfer coeffigcieida 0%k a%dBiA 1y ISPURERE RS prdditlds dd&q
abl ati on processing can be effectuated w thout conditioning any liquid

phase. Further,gédrdeComms paAssddden ti&éaifﬁ@ry@xettﬂéewoam il RrOcessi ng
for a material having a high |ight O transmtting efficiency

(transm ttancy)cassied €5 BRlafisad QRidiadl, Wotshrle e FoRpS il Yricdessven
if the I|ight absorptance is small, because the tenporal energy density is

hi gh. I'n ofher iwrsiser thefsiegrigme atharmi=r istlerssl, ecihioh hds fberkgrdom becomnes
hi gher when considering the structural nenbers for an ink jet recording
head. Al so, i n cacwsxiEntef mn tHehd jgytes enferigiv eft ilasera b2ahsDEGACKRG 69
on the work piece, such as resin, is accumulated
thereon. Therefore, a highly precise processing is
possible to enhance the performance of an ink jet
10 recording head significantly.

Also, the process material is not necessarily
limited to resin. Because the processing step is
completed before heat dispersion advances from beam
radiation even when a material having a higher heat

15 transfer coefficient, such as metal, is processed. As
a result, the ablation processing can be effectuated
without conditioning any liquid phase.

Further, it becomes possible to effectuate the
ablation processing for a material having a high light

20 transmitting efficiency (transmittancy), such as
quartz, optical crystal, or glass material, even if the
light absorptance is small, because the temporal energy
density is high.

In other words, the degree of material selection

25 freedom becomes higher when considering the structural
members for an ink jet recording head.

Also, in accordance with the present invention, a



material having a small |inear expansion coefficient can be used.
Therefore, it beconmes possible to prevent the deviation fron]takin%[?hﬁfﬁ
on the contact surface of each nenber due to shearing force. 5 Al's 03
the use of ceramics material or glass nmaterial, it is possible to

manuf acture an ink jet recording head haéﬁﬁg excel lent durability and
storage capability which is not easily T oded even by ink having strong
al kal i ne property. Furthernore, with the 10 use of sem conductor nmaterial,

a structural member can be fornmed directly on an integrated circuit. Then,

f h
i schargo port TrsEerat BRLEG R sl el Wi SR ShSent ot ment
such as a water- cig ‘LN&\Qéd.lS 'ﬂji&ceedjsré)f t@ﬁ]escﬁ]“fe%c onf t{}-IEQSCharvclae orts

anong sone ot hers I n accordance W ese I nvent I on,

different mater éggh c%%& tlon
al nost si mul tan%}g% %/)‘fulénﬂ\%%rg agédal{gﬂ{egesrglﬂde}:egsj&ggsh% ec%h evené?f t he
difference of ¢dhedinemdmSaPaiisd o, Cé}pgglllq{gg%fc% | ar ge bet ween di fferent
materials of two kinds or nore, it Is possible for the present invention

to suppress peeling apéd, betveerhd hase b daranicdlRidala d4e gtl%éﬁe

stress 25 caused by the t her mal expansi on thereof, because it i's nade
difficult to trmasdeiaheait bys thespnasenio st e Wi GK hgtoperation

of the ablation 3 D DEC 2003 - 70

recording head having excellent durability and storage
capability which is not easily corroded even by ink
having strong alkaline property. Furthermore, with the

10 use of semiconductor material, a structural member can
be formed directly on an integrated circuit. Then, if
a high fusion point material, such as ceramics, is used
for the discharge port plate, it becomes possible to
give a higher heat treatment, such as a water-repellent

15 process of the surface of ink discharge ports, among
some others.

Also, in accordance with the present invention,
the different materials of two kinds or more can be
processed by sublimation almost simultaneously in one

20 and the same process. Further, even if the difference
of the linear expansion coefficient is large between
different materials of two kinds or more, it is
possible for the present invention to suppress peeling
off between those different materials due to the stress

25 caused by the thermal expansion thereof, because it is
made difficult to transfer heat by the present

invention during the operation of the ablation



processing as conpared with the conventional one. As a result, when a
preci se structure should be forned on a work piece forned by pl urah ﬁi d@
of materials, it is possible to inplenent the | aser processing net (9 E:I;l W
5 sinply processing steps or a method for manufacturing an ink jet

recordi ng head using such | aser processi_ng]0 met hod, and to provide an ink
jet recording head manufactured by such rnethod of manufacture. Also, in
accordance with the present invention, 10 the ultraviolet rays are not
necessarily needed for use of the |ight wavel ength of radiated | aser by

t he pul se osci%}@ééggiﬁé ns:%oéorﬁ)g&ggd m% Qfobr}d’e?&idrfalorﬂﬁé. t%darays

wavel engt h can be absorbed by a wor visible rays or Infrare

can be used. TheelePOr@hefng! Sedfsdafshidtt SHdERIBE &P dhal
material can be sublinmated for a short period of processing, and that the

abl ati on procesghrg %fe@éff‘&frh@d%%ﬁm kIGRIYIdE G v s | 1o & phase.
Also, with a nethod for manufacturing an ink jet 20 recording head

structured by thessasEs £ ODRSTeright N Athsdrd Jrerms pasitial toigerform
the abl ation processing al nost sinultaneously in one processing step
usi ng t he af or eshmpll ¥ aseoces oixes Ss tepsradhoad neverod dor tnensigatintiirey nenber
of the recording head fornmed by 25 inorganic material, glass material,
metal | i ¢ mat eriah, ink et onelcetdingrdiesrd algingr guwmh ddsidr groaodiingat | on of
these materials, not necessarily limted to the resin 3 0 0 EC 2003 - 71
method, and to provide an ink jet recording head
manufactured by such method of manufacture.
Also, in accordance with the present invention,
10 the ultraviolet rays are not necessarily needed for use
of the light wavelength of radiated laser by the pulse
oscillating time of one picosecond or less. If only
the wavelength can be absorbed by a work piece, visible
rays or infrared rays can be used. The temporal energy
15 density is extremely high so that material can be
sublimated for a short period of processing, and that
the ablation processing is effectuated without
conditioning the liguid phase.
Also, with a method for manufacturing an ink jet
20 recording head structured by the laser processing
method, it becomes possible to perform the ablation
processing almost simultaneously in one processing step
using the aforesaid laser processing method even for
the structural member of the recording head formed by
25 inorganic material, glass material, metallic material,

semiconductor material, or the arbitrary combination of

these materials, not necessarily limited to the resin



material, such as polyimde, polysulfone, which is conventionally used for
the structural nenber of the ink discharge ports, the ink flow paths, the
ink liquid chanber, or the ink supply port of an ink jet recordi ng:’JSUBE:%lmﬂi
in general. Therefore, it beconmes possible to provide nore freedom of

conpl ex selection of material for the stryctural nmenber of the ink

di scharge ports, the ink flow paths, the ink |Iiquid chanber or ink supply
port. 10 Also, for exanple, if a material having a small thernal

expansion, which is nmade avail able by the conplex material forned by

netal lic and reghfePBAEl idheh & gHBsmnaRd RSy alhides juped for the
structural nenber of the orifice plate or ink flow 15 paths, it becones

possi bl e to prexefehfitomeri phigdn ofor e GithatiurfAC eiibea e Mader due
to shearing force. Further, if an ink jet recording head or a printer is

formed by theseimmtéisc@hsrydipdriag e thad jeasifilowaffaatissd tHy itraomerqiid e

changes (environnental changes), it 20 becones possible to transport them
on board a shi pcleamsiver disecthey inkdesupgiey qupratt @f afhusk ijet sqaasiide to
attenpt the reduction of distribution costs. Also, by the use of ceramcs
or gl ass conpl excadairrgateral. | Tipossfidies tid deondmeest prossirbliektg et 25

recordi ng head excellent in durability and storage capability which is not
easily eroded eweevideimdre hEneetpmtafmpmiled ised qortdsey of "PRIDEG 2003 -

72
for the structural member of the ink discharge ports,

the ink flow paths, the ink liquid chamber or ink
supply port.

10 Also, for example, if a material having a small
thermal expansion, which is made available by the
complex material formed by metallic and resin materials
or glass and resin materials, is used for the
structural member of the orifice plate or ink flow

15 paths, it becomes possible to prevent the deviation of
the contact face of each member due to shearing force.
Further, if an ink jet recording head or a printer is
formed by these materials which are not easily affected
by temperature changes (environmental changes), it

20 becomes possible to transport them on board a ship even
directly under the equator. Thus, it is possible to
attempt the reduction of distribution costs.

Also, by the use of ceramics or glass complex
material, it is possible to manufacture an ink jet

25 recording head excellent in durability and storage
capability which is not easily eroded even by ink

having strong alkaline property.



Al so, in accordance with the present invention, it becones possible to
perform sublimting process selectively for the inner portion of a work

pi ece, because the process of sublimating process begins with 5 thgqrHg 283
where it exceeds the threshold value of ablation processing of the work

pi ece by converging light nore than the predeterm ned energy density

i nside the work piece which is transparéﬂ@ I'n terns of the |I|ight

wavel engt h of |aser beans as described earlier. 10 Hence it is nade
possible to sinplify the alignnment process, as well as to inplenment nmaking

(ne postiionel ot ek lon 1 deto i DS IS SR TR 01y e

li ke, to provide a l'aser’ process

costs of manuf aﬁégfglgegr%c?%%l}sggla%}p%ee{%oﬁa%ﬁﬁ%%%ik groicréksé et recording

head using suc aser an 1 n recordi ng head

manuf act ur ed bySéwﬁi%%pgf%et%ﬂ(%%rp{% 'Iﬁcﬁ-ti'%lé £ iann%?gi[aé&e wth the

present invention, uctured ftor uri‘ng an ink

jet  recording heashssi ik the Al e5ai i 13RI+ INP GRSHIU: Hgbtih@’wcfj%ril

beconmes possible not only to suppress the alignment errors cause

assenbl i ngs st r ughalr g1 oS Oft (R ddils i18le ERUGAG RRAde &5 el | as
the 25 degradation of the ink discharge characteristics caused by the

bondi ng def or medh Di i W ipd S s firfy BRWHY Otk dilded W RHVE ging
three-dinensionally inside a resin work 30 DEC 2003 -- 73
light more than the predetermined energy density inside
the work piece which is transparent in terms of the
light wavelength of laser beams as described earlier.
10 Hence it is made possible to simplify the alignment
process, as well as to implement making the positional
precision higher for the inner structural members or
the like, to provide a laser processing method whereby
to attempt reducing the costs of manufacture or a
15 method for manufacturing an ink jet recording head
using such laser processing method, and an ink jet
recording head manufactured by such method of
manufacture.
Also, in accordance with the present invention, if
20 a method is structured for manufacturing an ink jet
recording head using the aforesaid layer processing
method, it becomes possible not only to suppress the
alignment errors caused by assembling structural
members of the ink jet recording head, as well as the
25 degradation of the ink discharge characteristics caused
by the bonding deformation, but also, to draw around

ink flow paths three-dimensionally inside a resin work



pi ece, such as polysulfone or polyimde. In this manner, the YMC (yell ow,
magenta, and cyan) circul ating one-dinensional arrangenent of discharge
nozzles is connected respectively with the YMC three-color ink 5 Iﬁﬁdﬁﬂlmﬂ
chanmbers. Thus, it is possible to forman ink jet recording head having
the arrangenent of adjacent discharge cekhs_for three colors. Al so, not
only with YMC three-color arrangenent, but also, for the YMCK (yell ow,
magent a, cyan, and bl ack) four-color 10 arrangenent, it is possible to form
an ink jet recording head having the arrangenent of adjacent discharge

cell's for four gdad s dier A gyt eY MK poiviigulaat.i na noRgrd Mensi onal
arrangenent of nozzles respectively with the Y four-color ink liquid 15

chanbers. Ther aidtirgar, tthes YMINGGRESAW, hRgEa ! @%idStyand] uSireRitataeigieen
each of the respective colors for recording executed by an ink jet
recordi ng head afeidignerd intha ITarrarigemam tp @S idiisldhiay geh alo zedleer idevi ati on
or color phase changes occur, hence nmaking it unnecessary 20 to provide
any conpl i cat edccarviartad giestpergriredtyl on thf et YO ahreesiceiloraticiki ng
adj ust rent _between each of the respective colors. Then, images can be
printed Vitth stisbiid mwmbsias. r dnsdudtt dis. pAlssd blien tac dordamee iwkt h t he
present invention, it 25 is possible to nmake arrangenent so that |aser
beams can be rigfh #epshing hacsh ihavipg) they aag angemghdr ofi gifd acsidor pt ance
with respect to the |ight wavelength 3 0 0 E C 2003 - 74
discharge cells for three colors. Also, not only with
YMC three-color arrangement, but also, for the YMCK
{(yellow, magenta, cyan, and black) four-color
10 arrangement, it is possible to form an ink jet
recording head having the arrangement of adjacent
discharge cells for four colors by connecting the YMCK
circulating one-dimensional arrangement of nozzles
respectively with the YMCK four-color ink liquid
15 chambers. Therefore, it is unnecessary to make resist
adjustment between each of the respective colors for
recording executed by an ink jet recording head of the
kind. There is no possibility that color deviation or
color phase changes occur, hence making it unnecessary
20 to provide any complicated color resist correction
function or resist matching adjustment between each of
the respective colcors. Then, images can be printed
with stabilized color reproduction.
Also, in accordance with the present invention, it
25 is possible to make arrangement so that laser beams can

be radiated on a material (B) having a higher light

absorptance with respect to the light wavelength



thereof, which is positioned inside a work piece after having passed a
material (A) having a |lower |ight absorptance than that of the materi al
(B), which is alnost transparent with respect to the |ight mavelenéﬂmﬁﬁzmﬂ
t hereof as described earlier. In this manner, a structural menber can be
formed on the material (B) to naking the allgnnent process sinplified.

Al so, it beconmes possible to inplement~a 7fazer processi ng net hod capable
of making the positional precision or the Iike 10 higher for the inner
structural nenbers or reducing the costs of nmanufacture, anong sone

th , t od f facturir t head
S sueh | RoPRR R B TRLEEE et S LR 03
manuf act ur ed b% su%h net ho of 1% ;! §f?%é Al so, 1hn.ac ﬁ nce with the
present invention, SwPERFhe P fHEE nuPX%P%r?ng i ﬁ recordi ng

head structuredbg%r%%%n%f EE%P %Egﬁogpat éshgg?gggp g desg ?Fabove It

becones p055|ble tofformin or rn5| er an ink

jet recording el ireca agtentialyoteper €Utk 1igh? Qgéégéh £nt O

suppress the alignnment err ue to ass e degra on of

Ink di schay ge %@&%ffe HisSlheSErdueat 8arhondi ngxqefcﬁig%aﬁne@s yell. 25 Al so,

in accordance W th the present invention, the enhancenent of processing

efficiency canghgucRraiPhedbly Eﬁh”bagférlﬂﬁﬁkoﬁ' ene hotbeighl eghorgbsorb
| aser radiation energy. 3 0 DEC 2

making the allgnment process simplified. Also, it
becomes possible to implement a laser processing method
capable of making the positional precision or the like

10 higher for the inner structural members or reducing the
costs of manufacture, among some others, or implement a
method for manufacturing an ink jet recording head
using such laser processing method, as well as an ink
jet recording head manufactured by such method of

15 manufacture.

Also, in accordance with the present invention,
with the method for manufacturing an ink jet recording
head structured by use of the laser processing method
described above, it becomes possible to form ink flow

20 paths or the like inside after an ink jet recording
head has been assembled.” As a result, it is possible
to suppress the alignment errors due to assembling, and
the degradation of ink discharge characteristics due to
bonding deformation as well.

25 Also, in accordance with the present invention,
the enhancement of processing efficiency can be
attempted by forming a work piece to be able to absorb

laser radiation energy.



- 75 WHAT IS CLAIMED IS: 1 A laser processing nethod conprising the steps
of : converging and irradiating with predeterm ned energy density thg I %%ﬁﬂ
beam of plural pulses having |large spatial and tenporal energy dens'p&EE
radiated from a laser oscillator oscillating at the pul se radiation tine
of one picosecond or less onto a work piece forned by different materials
of two kinds or nore; and perform ng-sabl kmati ng processing of said
different materials of two kinds or nore in one and the sane step al npst
simul taneously. 2. A | aser processing nethod according to Claim 1, wherein
sai d worgiam ere FIxIMED bySdi fferent nmaterials of two kinds or nore is a
work piece in a bonded state, and said work piece is processed by
subl i mati on al nost sinultaneously in one and the sane step w thout
creating warping. 3. A laser processing nmethod according to Claim 1,
wherein sai d diffé dmsempaocgssiol medHadeomprisimee e S@pRed by an
arbitrary conbination of organic resin material, netallic materi al

i nor gani ®fconpound material, glass material, mineral material, and the
like. 3 00 EC 2003 - 76 4. A laser processing nethod according to Caim
1, wherein safPIVEIGiNge M dFTASiGEd e dhth OF SHS e HAEDr edet er mi ned

ener density inside a
9y energy density the laser beam of plural pulses having

large spatial and temporal energy density radiated from
a2 laser oscillator oscillating at the pulse radiation
time of one picosecond or less onto a work piece formed
by different materials of two kinds or more; and
performing sublimating processing of said
different materials of two kinds or more in one and the

same step almost simultaneocusly.

2. A laser processing method according to Claim
1, wherein said work piece formed by different
materials of two kinds or more is a work piece in a
bonded state, and said work piece is processed by
sublimation almost simultanecusly in one and the same

step without creating warping.

3. A laser processing method according to Claim
1, wherein said different materials of two kinds or
more are formed by an arbitrary combination of organic
resin material, metallic material, inorganic compound
material, glass material, mineral material, and the

like.



transparent work piece with respect to the Iight wavel ength of said | aser
beam and processing said work piece by sublimation. A |aser processin

nmet hod according to Caim1l, wherein said | aser beam is passed thri)ﬂu@gcaw
al nost transparent material (A) with respect to the |I|ight wavel ength of
said | aser beam having |lower |ight absorptance, and radiating said |aser
beamon a material (B) positioned insi@dé said work piece, having higher

| i ght absorptance with respect to the light wavelength of said | aser beam
than that of said material (A); and processing said material (B). 6. A

| aser processing nmethod according to Claim 4, wherein when a structural
menber is processed by sublimation inside said work piece at the tine of

Pald T B! 20 Eadet phEcBNShiE PRGN IR Clyipd 1 I WHRENEG dNBLL: bear

formed in advance t0 discharge to the out by-pro create
subl i mation and evaporation  caused by said processing, and then, said
structural ne@bEerges pamesikkdnos: thabRprdetrmined eherdy ldeswitygneidesai ng
met hod according to Claim 6, wherein when said structural nenber is

processed, t ral, menber.is processed.in.a positign ¢lose to said
di scharge por {}%ngbﬁ%%ﬁ%p*egjﬁ ‘NHhJPSB‘%CﬁﬁPiEe&%q}tﬁkg}'élﬁngﬁé&’gﬁaifﬁb%ﬁéad
havi ng a nenber for formng at least a part of ink passage for ink to flow
to be formed bgamjighdesrviessinigeddidvsord pleve by sdlsliatigpr e, sai d menber
formed by different materials of two kinds of nore being processed by

| aser beam provided with an ink

5. A laser processing method according to Claim 1, wherein said laser beam
is passed through an almost transparent material (A) with respect to the
light wavelength of said laser beam, having lower light absorptance, and
radiating said laser beam on a material (B) positioned inside said work
piece, having higher light absorptance with respect to the light

wavelength of said laser beam than that of said material (A); and

processing said material (B).

6. A laser processing method according to Claim
4, wherein when a structural member is processed by
sublimation inside said work piece at the time of said
work ‘piece being processed by sublimation, a discharge
port is formed in advance to discharge to the outside
the by-product created by sublimation and evaporation
caused by said processing, and then, said structural

member is processed.



di scharge port for discharging ink droplets adhering to a recording
medium a liquid chanber for retaining ink to be supplied to said
di scharge port: an ink flow path comunicated with said di scharge $BOEC 260
said liquid chanber; an energy generating elenent arranged for a part of
said ink flow path for generating energy for discharging ink; and an ink
supply port for supplying ink fromth& outside into said |iquid chanber,
conprising the step of: processing said nenber formed by different
materials of two kinds or nore by sublimation alnost sinultaneously in one
and the sanme step by use of |aser beamof plural pulses having extrenely
| arge spatial ahd tenpaset pnecgysingsnéyhoddbateddingmta kasdim
oscillator as said | aser beamoscillating at the pulse radiation tinme of
one pi cosedondiloerd s swhSODECPA08trudBurdl Membéhodsf pioaegkact uri ng an
ink jet recording head according to Claim8, wherein the menber fornmed by
di fferent neierswhesctirdalomdmbes D processsdsinuat poedtibBnacherded state
constituting at |least a part of ink passage of an ink jet recording head,
and processgd by. sublimation alnpst sinultaneously in one and the same
step mﬁthoﬁf cr%atl%g maf%ﬁr@fr 0. A nmethod for manufacturing an ink jet
recordi ng head according to Cdaim8 or Caim9, wherein said different
materials of two kinds or nore
B. A method for manufacturing an ink jet

recording head having a member for forming at least a

part of ink passage for ink to flow to be formed by

different materials of two kinds or more, said member

formed by different materials of two kinds or more

being processed by laser beam, provided with an ink

discharge port for discharging ink droplets adhering to

a recording medium; a ligquid chamber for retaining ink

to be supplied to said discharge port; an ink flow path

communicated with said discharge port and said liquid

chamber; an energy generating element arranged for a

part of said ink flow path for generating energy for

discharging ink; and an ink supply port for supplying

ink from the outside into said liquid chamber,

comprising the step of:

processing said member formed by different

materials of two kinds or more by sublimation almost

simultaneously in one and the same step by use of laser

beam of plural pulses having extremely large spatial

and temporal energy density radiated from a laser

oscillator as said laser beam oscillating at the pulse

radiation time of one picosecond or less.



are an arbitrary conbination of organic resin material, netallic material,
I norgani ¢ conpound material, glass naterial, mneral material and the
like. 11. A method for manufacturing an ink jet recording head hav h§E&2003
menber for formng at |least a part of ink passage for ink to flow to be
formed in a transparent ink flow path formati on nmenber and processed by
| aser beam provided with an ink dischaége port for discharging ink
droplets adhering to a recording nedium a liquid chanber for retaining
ink to be supplied to said discharge port; an ink flow path comrunicated
wi th said discharge port and said liquid chanber; an energy generating
el ement arranged for a part of said ink flow path for generating energy
for 300 E C 2008.- 79 medilechdiagi mgniufigctand ran amkirdupgisty port for
supplying ink fromthe outside into said |liquid chanber, conprising the
steps of : ugiengriddser hgedmasicopidimgl touldesimha®i ngheagianeihe | arge spati al
and tenporal energy density radiated from a |laser oscillator as said | aser
beam osci | | aembgratformed pyl s ffgdieatti e temglst adhdvs ddged®drr or less to
converge beamw th nore than predeterm ned energy density inside the
t ranspar ent moge fiisoWwtFac uredrd®y @n bomgele s twiteh aassiddiviig’d et | i ght
wavel ength of said |aser beam and processing an ink flow path and others
by subli netedfRt @ part of ink passage of an ink jet recording

head, and processed by sublimation almost

simultaneously in one and the same step without

creating warping.

10. A method for manufacturing an ink jet
recording head according to Claim 8 or Claim 3,
wherein said different materials of two kinds or more
are an arbitrary combination of organic resin material,
metallic material, inorganic compound material, glass

material, mineral material and the like.

11. A method for manufacturing an ink jet
recording head having a member for forming at least a
part of ink passage for ink to flow to be formed in a
trangparent ink flow path formation member and
processed by laser beam, provided with an ink discharge
port for discharging ink droplets adhering to a
recording medium; a liguid chamber for retaining ink to
be supplied to said discharge port; an ink flow path
communicated with said discharge port and said liquid
chamber; an energy generating element arranged for a

part of said ink flow path for generating energy for



12. A method for manufacturing an ink jet recording head having a nenber
for formng at least a part of ink passage for ink to flowto be fornmed by
a substantially transparent material (A) having |ow |ight absor pt&§ddE{E03
| aser beam and a material (B) having higher |ight absorptance than that

of said material (A) and positioned inside a work piece, and processed by
t he | aser processing nethod, provided W th an ink di scharge port for

di scharging ink droplets adhering to a recording nmedium a |liquid chanber
for retaining ink to be supplied to said discharge port; an ink flow path

comuni cat ediwchRrgang dnhiGhanaeapohhkagdppaidpbirguirdr &h ingdn energy
generati ng elenentgarganged for a 300EC2083 ? go part of%EE?g Fﬁk flow

path for genfratrirbg €Rer gutbe8e dhebhakgungigyoka anrdméBrl Nk supply port for
supplying ink fromthe outside into said |iquid chanber, conprising the

steps of: usbmgrligsay kransekppl vfal pul ses having extrenely |arge spatial
and tenporal energy density radiated from a |laser oscillator as said | aser
beam osci | | at i nguatingt hasputl beamadfaplapali prleksoha@vingosatelsthedy -1 €ss to
pass beam said material (A) having low |light absorptance of said | aser

beam and radigbespaaindnangaicdmpetali aherBy RavkRgyhirghekdelOftrom
absorptance than that of said material (A) and positioned inside said
wor k pi ece; aabdsproocessilngtsai dsnBhedi ahséB) bbymsuhtiMmbitdhg at
the pulse radiation time of one picosecond or less to
converge beam with more than predetermined energy
density inside the transparent ink flow path formation
member with respect toc the light wavelength of said
laser beam; and

processing an ink flow path and others by

sublimation.

12. A method for manufacturing an ink jet
recording head having a member for forming at least a
part of ink passage for ink to flow to be formed by a
substantially transparent material (&) having low light
absorptance of laser beam, and a material (B) having
higher light absorptance than that of said material (A)
and positioned inside a work piece, and processed by
the laser processing method, provided with an ink
discharge port for discharging ink droplets adhering to
a recording medium; a liquid chamber for retaining ink
to be supplied to said discharge port; an ink flow path
communicated with said discharge port and said liquid

chamber; an energy generating element arranged for a



13. A method for manufacturing an ink jet recording head according to
Claiml1ll or daim1l2, wherein when said ink flow path and others are
processed, a discharge port is fornmed in advance to discharge to ghpmxzmu
out side the by-product created by the sublimation and vaporization of sard
processing, and then, said ink flow path and others are processed. 14. A
met hod for manufacturing an ink jet -ré®ording head according to Caim 13,
wherein when said ink flow path and others are processed, the ink flow
path and other are processed in a position close to said discharge port. 3
0 DEC 2003 - 8% %5. Ag Lng jgt recordi ng head having a nmenber for formng
at |east a BaFt 8F SARYpASEadd Mo PEEH SPredeperadingeeefravati®s al s of two
ki nds or noLe a%d.nenbeF_ fo%ned Qy. different materials of two kinds or
more  bei ng@proCaddatiYny s 8P minEr 6YPRY WPER ARTi FKPPAYddNar ge port
for dischargipg.ink plLets_.adhering tq .recqording nmedium a liquid

9hR0 £ She EUE§8gﬁel§§8pﬁﬁéé §6q§é dCBRERREr ge port: an ink

chanber for retaining rn

fl ow path ]l e i i d_discharge port and said |liquid chanber
an energy ggﬁggg?FgggeﬁgégﬁgeégrSﬁged for a part of said ink flow path for

generating energy for %fSChif ing in ;_agd an ink supply port far - _
suppl ying ink fr&honhé gﬁFél&%m‘%ngﬁgFa IP&&F&ScﬁéﬁﬁéﬁyeﬁﬁﬁﬁNQ¥ﬂrmy sai d
rember haViQ%fgéfE%% Q%l”%% if@ﬁ%o&%ltg%ergy density radiated from

a laser oscillator as said laser beam oscillating at

the pulse radiation time of one picosecond or -kess to

pass beam said material (A) having low light

absorptance of said laser beam, and radiate beam on

said material (B) having higher light absorptance than

that of said material (A) and positioned inside said

work piece; and

processing said material (B) by sublimation.

13. A method for manufacturing an ink jet
recording head according to Claim 11 or Claim 12,
wherein when said ink flow path and others are
processed, a discharge port is formed in advance to
discharge to the outside the by-product created by the
sublimation and vaporization of said processing, and

then, said ink flow path and others are processed.

14. A method for manufacturing an ink jet
recording head according to Claim- 13, wherein when said
ink flow path and others are processed, the ink flow
path and other are processed in a position close to

said discharge port.



ki nds or nore processed by sublimation al nost sinmultaneously in one and
the sanme step by use of |aser beam of plural pul ses having extrenely |arge
spatial and tenporal energy density radiated froma |aser oscill atid DES2003
said | aser beamoscillating at the pulse radiation tine of one picosecond
or less. 3 0 DEC 2003 - 82 16. An ink jet recording head according to
Claim 15, wherein the menber forned-bf¥ldifferent materials of two kinds
or nore is structured in a bonded state constituting at |east a part of ink
passage of an ink jet recording head, and processed by sublimation al nost
si mul taneously in one and the sane step without creating warping. 17. An
ink jet recording head according to Claim 15 or Claim 16, wherein said
different nateridts ointimk Jendeeerrdine haad draeihg ta angmonbfomt i on of
organic resin material, netallic material, inorganic conpound naterial,

gl ass mat erfAMIRG rff alearlt & AT el tik paseagelgo Are i friefed becordi ng
head having a menber for formng at |east a part of ink passage to be
fornmed in dal##%ﬁ%fb%r%‘%wwlmw%wmr&mn Fesfenteridmemrecessed by

| aser beam provided with an ink discharge ‘Fort for di schar%i ng ink

dropl ets adifEmesy ko A Erexenti rteett ot MYdtiPth£amePoFer retai ni ng
ink to be S%Jigrféi ed to S&iﬂﬂgi schar _glg%ﬁ?ort ;roavniée% ‘I’ljé)l\{v 1rzlatpm‘:con’rmni cated
with said & P or s s=PRY I RRAY P

discharge port for discharging ink droplets adhering to

a recording medium; a liquid chamber for retaining ink

to be supplied to said discharge port; an ink flow path

communicated with said discharge port and said liquid

chamber; an energy dgenerating element arranged for a

part of said ink flow path for generating energy for

discharging ink; and an ink supply port for supplying

ink from the outside into said liquid chamber,

comprising:

said member having different materials of two

kinds or more processed by sublimation almost

simultaneously in one and the same step by use of laser

beam of plural pulses having extremely large spatial

and temporal energy density radiated from a laser

oscillator as said laser beam oscillating at the pulse

radiation time of one picosecond or less.



chanber; an energy generating elenent arranged for a part of said ink flow
path for generating energy for discharging ink; and an ink supply port for
supplying ink fromthe outside into said liquid chanber, conprising:pE8Qn3
DEC 2003 - 83 said nenber processed by sublimation by use of |aser beam
of plural pulses having extrenely |arge. spatial and tenporal energy
density radiated froma |aser oscilTatdr as said |aser beam oscill ating at
the pulse radiation tinme of one picosecond or less to be converged with
nore than predeterm ned energy density inside the transparent ink flow
path formation menber wth respect to the |light wavel ength of said |aser

beam 19 An inksietAﬁegﬁgdbgg Qgggrggxgng g9ng$?§%P%gbr§%ggg%g at least a

part of ink passage to or e y ~a“substan materi a

(A havi ngs) owpdialh ehaohphagesalnbadsy BeEsloand Ropkenial o) having

hi gher |ight absorptance than that of safd nateria Sitioned

i nside a Wb Kk Ph&§ Cor aRPre PE 8CESS68 LAYl NEL! 2SEE cgggkR9 net hod,
provided with an ink diE%harge port f%r d?schar%?%g ?ﬁékgroplets adheri ng

to a recasch$gi tReing a® LeaYtdacharessi ohr peLabglngsi K tRy,be supplied
to said discharge port; an ink flow path conmunicated wth said discharge

port and jeaitkddaniny CRESRET andpLOEESYeEPS! 8hb IInstEBENL 1 naL aNged for a
part of said ink flow path for
simultaneously in one and the same step without

creating warping.

17. An ink jet recording head according to Claim
15 or Claim 16, wherein said different materials of two
kinds or more are an arbitrary combination of organic
resin material, metallic material, inorganic compound
material, glass material, mineral material and the

like.

18. An ink jet recording head having a member for
forming at least a part of ink passage to be formed in
a transparent ink flow path formation member and
processed by laser beam, provided with an ink discharge
port for discharging ink droplets adhering to a
recording medium; a liquid chamber for retaining ink to
be supplied to said discharge port; an ink flow path
communicated with said discharge port and said liquid
chamber; an energy generating element arranged for a
part of said ink flow path for generating energy for
discharging ink; and an ink supply port for supplying
ink from the ocutside into said liquid chamber,

comprising:



generating energy for discharging ink; and an ink supply port for
supplying ink fromthe outside into said liquid chanber, conprising: 3 0
DEC 2003 - 84 said nenber processed by sublimtion by use of Iaseq[pg@@um3
of plural pulses having extrenely |arge spatial and tenporal energy
density radiated froma |aser oscillator as said | aser beamoscillating at
the pulse radiation tinme of one picosekdnd or |l ess to be passed through
said material (A) having low light absorptance of said | aser beam and
radiated on said material (B) having higher |ight absorptance than that
of said materi ata{d)n@fse POSILLO06H; IS | A wor pi ece 20. An ink jet
recordi ng head according tgé%égin1 1§a%r éﬁ%ﬁﬁ.,“&%%ﬂ&?% Qhen said ink
fl ow pat h Jaakr abd@i So ArEe1 P $ 3, £ 4 : ort is fornmed in advance
to discharge to the out s%e ﬁ?%%pﬁgl ucﬁ%@g ea 93"09189 fehreg%ubl i mati on and
vapor i zat ispretafalsainl PEMSeSSi Nthe R dé?%’itf@'a%l'é‘%é 'fOrVégnP%} h and others
ordi

are processed. 21. An ink jet recording head acc ng to aim 20,
wher ei n t Hasenk ddaill Jppidy afl tiens e b@agp%g%gq ' sition close to
said discharge port, when said ink flow path an &teir#elrn? ga(r)ce tgfe()cesse_ol. 22.
An ink j etuwleEonaidig thead weeordl kel §i@idel@lon®ORe Gkl AIgnyLd to Caim 21,
further conprising said nenber colored by mxing therein adye for
absor bi ngconverged with more than predetermined energy density

inside the transparent ink flow path formation member

with respect to the light wavelength of said laser

beam.

19. An ink jet recording head having a member for
forming at least a part of ink passage to be formed by
a substantially transparent material (A) having low
light absorptance of laser beam, and a material (B)
having higher light absorptance than that of said
material (A) and positioned inside a work piece, and
processed by the laser processing method, provided with
an ink discharge port for discharging ink droplets
adhering to a recording medium; a ligquid chamber for
retaining ink to be supplied to said discharge port; an
ink flow path communicated with said discharge port and
said liquid chamber; an energy generating element
arranged for a part of said ink flow path for
generating energy for discharging ink; and an ink
supply port for supplying ink from the outside into

said liquid chamber, comprising:



I
wavel ength in a domain corresponding to the oscillating wavelength of said
| aser beam and processed.
50 DEC 2003
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said member processed by sublimation by use of
laser beam of plural pulses having extremely large
spatial and temporal energy density radiated from a
laser oscillator as said laser beam oscillating at the
pulse radiation tiﬁe of one picoseccnd or less to be
passed through said material (A) having low light
absorptance of said laser beam, and radiated on said
material (B) having higher light absorptance than that
of said material (A) and positioned inside said work

piece.

20. An ink jet recording head according to Claim
18 or Claim 19, wherein when said ink flow path and
others are processed, a discharge port is formed in
advance to discharge to the outside the by-product
created by the sublimation and vaporization of said
processing, and then, said ink flow path and others are

processed.

21. An ink jet recording head according to Claim
20, wherein the ink flow path and others are processed
in a position close to said discharge port, when said

ink flow path and others are processed.

22. An ink jet recording head according to either
one of Claim 15 to Claim 21, further comprising said
membexr colored by mixing therein a dye for absorbing
wavelength in a domain corresponding to the oscillating

wavelength of said laser beam, and processed.





