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SPECll'ICATION 

'l'it1e of the Invention 

Methcd o:f Working an Organ:i.c l'ilm 

Back(Jtound qf the Invention 

The present .:l.nvention rel.ates to a method of 

working an oxgan:Lc f.il.m and mOJ:"e particulul.y, to an 

organic film working method fOr fo:r;111ing minute via­

boles in a film substrate which is f omed of an organic 

insu1ating film of polytmJ.d.e and an conductive 1ayer of 

copper f oi1 and is useful as a substrate for f~1m 

paolcage of an LSJ: or an organic xilm substrate used for 

a pr.:l.nter head and the like .. 

Multilayer wiring hoard techniques have been 

developed for LSI packaging 1n parsonal computers and 

large-scal.e compute.rs and at present, for the purpose 

of ineeting ~d.uction 0£ device costs atid speed-up· a£ 

packaged deviCGs, a high-density packag~ng teahni.que 

using en insulating film. having good high-frequency 

characte.J:'istJ.cs has been desired to be practiced. 

Especially. a. ltlethOd of forming minute via-holes in a 

:E:llm substrate forined-of an Qrganic film and a meta1 

l.a:yer stuck thereto at b:l.gh throughput and low cotits 

has been eovght. 

Further, in an application to an ink jet printer 

and the. like., a method of fanning a great number of 

minute v.:la-holes in an organic f :i.1111 substrate having a 

'thickness of abo\lt 100µm at 1.ow costs and b:lgh rates 
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has been sought. 

As this type 0£ organic film work:Lng method. the 

present :lnven:tors have proposed a JQethod for formation 

of highly reliable via-holes.. According to the 

proposal, a via-ho1e fo.rmed in a film substrate 

constructed of an organic i.nsuln.ting film and a 

canduoti'9'8 layer has a high aspect rai:.i.o, and no 

1.Dsulating layer :t:eDlai.ns at Bil.interface between the 

organic :lnsulating ~ilm and the conducti.ve .layer. More 

part.i.cularl.y,. the substrata formed of the insulating 

:fil.81 containing an organic substance is irradiated with 

a pulse laser beam of a wavel.ength absorbabl.e hr the 

substrate a.t a portion where a vi.a-hole is to he 

farmed. a resi.dual fil.lll on the bottom of the via-bo1e 

at the irracJiateCI portion :Ls then vaporized and removed 

br i.rradiatf.on af a second pu1se 1aser beam of a. P\(lse 

width of' 200ns or leas and theZ"eafter, the substrate is 

washed hy ult:rasonic washing to wash and remove a 

de.posit on the v:l.a-hola s:l.de tt"al.l., thus forming minu.te 

vS.a-hol.es at high throughput. 

The conventional via-hole fOIJning method, 

however, requires ultrasonic washing in the final step, 

thus increasing the nulllhar of steps and making it 

difficult to reduce the production cost. 

Further, in an application to the format~on of 

minute via-hol.eg .in a prJ.nter head, work must be done 

under a condition that mechanism hdlding parts ere 
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assemb1ed on the 1nsulating film and therefore, a 

solution treatment process needed for the ul.trasoni.c 

washing cannot sometimes be applied. 

Summary of the In~ntion 

Tbe.P!fore, it :Ls an object of .the present 

invention to provide an organic film -working ma'thod. 

which can paxait an organi.c film to be worked at low 

costs through-only a. J.aser 1rrad1at1.on process .. without 

resort to a wet: process. 

According to an aspect of the present in1mftti.on_,. 

to accomplish the above object, there i& provided an 

organic film working and forming method compris.ing the. 

steps 0£ irradiating a first pulse laser beam having a 

pulse width of a f i:rst p~etermined tJ..me wi.dth on a 

.film substrate fanned of an insulating l.a,-er 

containing an organic substance an.d a meta1 layer 

landnated thereon at a via-hole forming portion of the 

fila subs-tr.ate to cause at least any one of react:i.ons 

Of thei:mally decomposing a l.aser beam irrad~ated 

portion of the insulating layer and of generating a g~ 

due to t~_~ecompos.:l:tion, and irradiating a Second __ . 

pul.se laser beu ·of a second predetermined time width 

on the port.ion of the insulating 1ayer on vlll.ch the 

first pu1se 1aser beam. is irradiated to vaporize and 

ranove a res~dua1 film on the bottom of a via-hole~ the 

second puise 1aser beam bas an ~xradiation beam spot 

size larger than tbat 0£ the fi:rst·pu1ae laser beam so 
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aa to expend to a range Which covers a t'benl.ally 

denatu1"ed area of the insu1ating layor. 

Aocord:i.ng to another aspect of the pn!sent 

invention,. there is pravJ.ded a method 0£ working a f.i1m 

containing an organic substance {referred to as an 

organic film) comprises the steps of ittacliating e 

first pulse iaser beam having a pulse width of a first 

predetermined time "'idtb on the organic film at a v.i.a­

ho1a £ormi.ng portion of the organJ.c filnt to ca.use at 

l.ea.st any one of reactions of thennally decomposing a 

first laser beam irrad!.ated porti.on of the organic. :£1.lm 

and of generating a gas due to therma1 decomposition, 

and irradiating a second pulse laser beam having a btiam 

spot size larger than that of the. first pulse laser 

beam. so as to expand to a. range wh:ich cover• a 

thermal.l.y tleoatured area of the organic f.i.111 and having 

a pulse •d.dth of a second preaetermined time wi.dth, on 

the first pulse iaser beam irradiated portion of the 

organic film. 

In the conventional. method of fo:rming via-holes 

in a substrate formed of an-"1:.:nsul.e.ti.ng -.f:l.l.m and a. 

conduo~ve fil.in 1ami.nated thereon, it has been known 

that a residual film on the via-hole bottom can be 

vaporized and removed by irradiation 0£ a short pu1se 

l.aser beam. But, the .irradiation beam for vapori.:i:at!.on 

and removal has the same beam spot size as the :first 

p\l1se 1aser beaJD. ~d consequentl.y, 'even after tbe 

This Sheet Has Been Replaced 
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1rrad~ation of th& second pu1se 1aser beam, the deposit 

on the via-hole s.:lde wa1l. stil1 remains unremoved, so 

that even after the irracliat1on of the second pulse 

J.aser beam, the ul.1:rasanic washing process is needed to 

remove the depos~t on the via-hole side wall. 

Contrm:y to th1.s, acco:nl:l.ng to the present 

invention, the u1trasonic washing process for removal 

of the deposit on the via-hole. s1.de wall can he 

dispensed with to ensux-e that minute via-holes can be 

formed through a reduced number of steps w1.th high 

controllability and ai: Mgh throughput. The present 

invent:l.on can dispense with anl' wet process during 

WOX"k.ing process as cJescr:l.bed al>cwe and therefore J.t can 

u:pand objects to be worked to which the invent:i.on i::i 

app1ied and can reduce the producti.on cost greatly to 

advantage. 

Brief Descr~et.ion of the Drawings 

Figs. lA~lD diagrammatica.11y illustrate steps of 

a work process according to an embodiment of the 

illventian. 

Patailed Description of 'tlie "Preferred. Bmbodimen~ 

The present invention will now be described by 

way of example with reference to the accompanying 

drawing. 

A work process accordi.l\g to an emhocH.lllQni: 0£ the 

present i.nventi.on is cliagrmnmat.:Lcall.y depicted in order' 

0£ work steps .i.n Figs. lA to lE. 
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Referring to F1.gs. 1A to 1B, a substrate to be 

worked .is a. f'ilm substro:te .for packag.ing ~o.r:med of a 

pol-y:lm:lde f 1.lm 2 having a thickness of 30)JJB and a 

copper layer 3 having a thickness of lOµm. Du.ring 

irradiation o£ a laser beam.. the substrate is worked 

wb.t1e spraying a nitrogen gas at a flow rate. of 10 

l.:Ltars/m:l.nute to 11111 in-ediated port:ion cm the 

substrate.. 

In a f:Lrst step, as shown in Fig. lA. a fint 

pulse laser beam 1 ba"Ving a pulse w.1dth of 0.3aas 

O!>ta:lned by modu1ating an argon laser hemn of; a 

wavel.ength of 515nlll by aeans of an u1trasoni.c modulator 

.is !armed in.to an irracliat:Lon bBlllR spot size. of 40pm 

and irradiuted hr two shai;s at .irradiation .interval.s 0£ 

lOJGS. The J.rradiation intensity is SOOkW/cm.
2

• 

A worked shape after the irradiation of tba first 

pul.se l.aser :ls ::Lll.ustrated :in sect.:l.ona1 foni .:ln Fig. 

18.. Jn F.:l.g. 1B, a via-hole VB has a bottom diameter of 

40µm and an upper di.ameter of 7Dµm. A decomposed 

substance 4 of about 30pia thickness is deposited on the 

s:l.de wall. of a Yia.-hole. 6 ~ form a deposit thereon and ___ _ 

a th1.n residu.a1 film 7 denatured from po1yimide remains 

an the bottom of the via-hole. 

:In a subsequ.eAt second step, as shown in F.1.g. le, 

a second pulse laser beam 5 formed of second higher 

harlflonJ.c.9 of a QstJYAG l.aser (ha~ing an .:LrracH.at:i.on beam 

spot si::r;e of 70µm,. a pul.se wJ.dth of lOns and an 
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:l.rradi.ation peak pow& density of 100MW/cm2
) is 

irradiated by cne or more shots .. 

A worked shape after the. ir.racliation of the 

second pulse 1aser beam 5 is illustrated .1n secti.ona1 

fom .in Fig. 1D.. As shown thereat, not on1y ttie 

residual Eilm 1 on the via-ho1e bottom. but also the 

deposit 4 on the vi.a-hole side wa.11 ia: vaporized-- an4 

removed to form a via-hole 6 having a smooth s.1.de wal.l. 

Through observation with an eJ.ectron microscope, no 

deposit is found on the via-hole side wall B. 

:rn mnbedding copper in the thus formed via-hole 

by electrolytic plating, the via-hole 6 can be embedded 

neatl.y with copper at about lOOt yield and with high 

reprod.uc.ib.tlit:y aa shown in Fig. lE. Thi.a atlclitJ.onally 

proves that 1:he via-bole according to the present 

.invention can be. shaped with high :r:eproduc:l.bi.1:1.tir and 

the depos~t can be removed completelr. 

In the case of a comparative exam.pie ~n which the 

second pulse 1aser beam S is irradiated at the sae 

.:l.rre4iat1.on spot size as that 0£ the f~rst pul.se laser 

beam 1 wMCh--antoun.ts to 40µm, the :residua.1 fil.Jll on the---·­

bottom can be removed completely but the depasit on the 

via-hole side wall cannot b@ removed. 

ln the foregoing embodiment, the present 

invent.ion has been described a.s being app1ied to the 

formation 0£ via-ho1es in the substrate far packaging 

e1ectronic parts but a second embodiment wi.11 be 
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descr:lbed as an example d:J.~ed to opening oi= nd.nute· 

bc1es in a polyintide fJ.l.m of about lOOpm thickness 

praot:l..cally used i.n an application to printer head and 

the l:Lke. 

Xn the present embodiment, a laser beam source 

a:tm.1ar1y constructed to that i.n the foregoing first 

embod.i•ent is . use4 to open through-hOl.ea in a po1pm; de 

£.ilm. 

Conditions for :lrradiat;J.on af a·fi.rst pulse 1aser 

baala l J..n a first step (see Pig. lA) are a bema spot 

si.ze of 40µm. a pulse Width Of 0 .. 3ms. the number Of 

pulses being 6 shots, an irradiation interval 0£ 10ms 

and an irradiation :Lntensitr o'f 500kW/cm.~. 

Conditions for irradiation o'I! a second pu1se 

laser beam 5 :in a second step (see Fig. 1C) a.re an 

irradia~ion beam spot si•e of l20pm, a pulse width of 
2 10nsr an irracliat1.on peak power density of 100MWcm ana 

the number of pulses being one shot. 

The obtained vi.a-hole has a bottau ilame.ter of 

80p.11t end an uppex- d.:Lemeter o:e 110µm. Since the 

polyimi.de film uset1_;Y! the present embodiment differs. 

from the packaging substrate in that it is devo.id of a 

copper £oi.l 0£ h:lgh heat conduction, the v.ia•hole 

diameter increases l.aterall.y 0toting to thermal di.ff'usion 

:ln the po1y.im1.de £.:1..l.m bu't any depos:lt does not ;eeiuai.n 

on the via-ho1e side wall dter the in-adiet.ion of the 

second la.sor beam 5 and a tendency "tXnlard higher 

--· 
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smoothness of the s1.de wa11 than that in the first 

embodiment is observed. 

In ~ornaation of via-ho1es in the printer head and 

the like, higher smootbneas of tbe. side wa11 and 

contro11ab1lity of the inclined angle of the via-h01e 

ax-e J.mporlant for the sake of contxoll~ 'the £1ow of 

ink. The via-ho1e fm:mation method acoording to the 

present embotlin\ent can ensure higher smoothness of the 

Si.de 111all and peudt the inclined angle to change in 

laser beu. 1 and J.s proven to be a practical.1-y 

ef£ecti'Y8 mathOcl • 

'1'he f :i.rst pul.se laser beam he,s the pulse wid'l:h 

ranging 10 µs to 20 ms. The reason of which is 

because, sin~ a thermal via-hole forming is perforaie.4, 

~f the pulse width .is 1ess than 10 µs. the heat wili be 

dif'fusad at the suri;ace 0£ the insul.ation 1.a.yer when 

irradiated by the laser beam and the quantity of heat 

su££.icient for the via-hole forming cannot be obtained, 

and further if said pulse w1d1:h i.s l.arger than 20 as, 

the heat wil1 damage. -1:he _ynderly~ metal layer because 

the quantity of ~at Ls too large, and therefore, it is 

not usable as a product. 

The second pu1se l.aser beam has the irradiation 

intensity 1ess than about 200 ns of 'Che pulse width and . 
more than about l.O MW/cmt of the peak power Oens:Lty. 

'l!ha reason of wh1.ch :ls because the ·u.nderl.:ying layer and 
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v1a-ho1e side wa.11 az:-a adversely affectQd 1£ the puise 

width of tlle pulse l.aser beam becomes l.a:cger. !'drtherr 
z 

the use of a peak power density of about 10 MW/cm or 

more .is appl.i.ed as the minimum intensity for removing 

the thermally decomposed deposit on the insulation 

layer of tbe via-hole bottom opened by the f ~rst laser 

beem ixradiat:ion, and if the lo11er intensity ie epplied 

:ln 'the irradiation, it i.s not possible to remove the 

thel:nlall.r decomposed portion. 

The pulse width of the first pulse l.aser beam is 

used :for thermally decomposing the organic f il.m. The 

pulse width in 'the range of 10 µs to 20 lRS is 

approprlate. . The ~aeon is described as follows. XD 

the abrasion process .method, which is wel.l. known as the 

meth.cd a£ procassi.ng the organic fi.lm,, an ultraviolet 

l.ight is used.having the pulse width of about 20 ns and 

about 0.5 1m of the suller absorption length of the 

laser beam. On tbe other hand, in the irradiation of 

the first pulse l.aser beam of the present in.1re11tionr 

s:Lnce t:he. 1as&l7 bea111 :l.s permeated to a certaiP depth of 

D1re than several-1111 'ta fo::cm a. deep hole with one shot 

of the pulse, if a sudden heat is applied by a short 

pulse beam, an eirp1osive decomposJ.tion reaction is 

caused by the l.asex- energy- as absorbed in the depth 

direction of the film and by t:he shock a prabl.em of a 

crack J.s caused to the. organic f.ilm near the peri.pheey 

of the i.rradiated portion. Fu~~ .in the abras.ion 
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process method, a conductive substance is formed on the 

processed. s:Lde wall. On the other hand, in the process 

of' the present invention, when compared to t:he pulse 

width as used in the abrasion process method, a 

re1a1:.ival.y longer pulse width 1.s used,. encl as a :r:esult, 

an adnntaga is obtained to be able to reaove ea&il.y 

and without difficul.ty tha 4ecompose4 1ayer of 1:he Si.de 

wall by the slow theralal decomposition reacti.on causi.ng: 

no occurrence of cracks· by the shock. ~:J.mentally, 

it was found out that, in order to avoi.a the occurrence 

of the cracks or the side wall conductive 1a;yer, the 

pulse wid'th of more than. 10 p.s was appropn.aw.. On the 

other band, in the upper limit: of the pulse width of 

-the first pulse beam irradiation, the problems wil.l be 

caused that .. by the ef£ect of heat diffusion within the 

f.:Llm, the boundary of the heat decomposition reg.ion is 

expanded too wide toward the outside causing the 

1ower:.l.ng ot' the 00ft.tro11abil1.ty of tlle process.:l.ng 

diameter, and the worsening of the aspect ratio o:f i:he. 

vJ.a-hole to be formed, and that the quantity of heat to 

~nnsportea to the copper foil.at the -bottom of the 

substrate causing the copper foil near the per.Lphmy of 

'the irradi.ated portion to be peeled of£ easily. As a 

result of the experimental review on the pulse width in 

order to avoid sa~d prcbiems, it was found out that the 

pul.se width of less than 20 ms eliminates the problem 

of controllahil.ity of the above processing diameter and 
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the prob1eiu of the peeling of£ of the conductJ.ve· 

SQbstance at the bottom 0£ the substrate. 

On tha other hand, since the rol.e of the second 

pulse laser beam irradiat.ion exists in the blow off .l>Y' 

the thE!Xlllal shock o;f the decomposi.tJ.on of tbe 

irradiated portion side wall of 1:he organic f .i.l.111 as 

foaaad· by the fist pulse laser irradiat:ion"and in 

transpiring and re1110ving :the res:l.dual f 1lm at the 

bottom portion of the via-hole, it is eppropriate to 

app1y the. same pu1se wi.dth as the norma1 a.bras.ion 

prooeus method,. and the pulse width of about 20 ns 

typ.ical.1y,. or of about 200 ns at the .longest,. is 

appropriate .. 

As described above, according to the present 

invention,. minute via-holes can ad1'8ntageouslr be 

fOftlad through a small. number of steps wi.1:h IU.gh 

control.labi.li.ty and at high throughput and in addition, 

any wet step ls not required during work process to 

thereby expand the kind of workpieces and greatll" 

reduce the production cost to advantage. 

ilili1iU11i1iii 
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11hat is C1a:lmed is: 

1 .. An organic £il.D\ working Plethod canpr:.l.sing 

the steps of: 

irradiating a first pu1se :laser beam ha.vf.ng 

a pul.se widtb of a first predetandne4 time 11.ldth an a 

;film substrate £01.llled of an insulating l.qer containing 

an organic ·substance and a metal layer laminated 

thereon at a via-hoie forming portion of said film 

811bstrat:e to ca.use at 1e&st: any one. o:t z:eactions of 

thermally decomposing a 1aser beim ir.J:adi.ated portion 

of said insulating layer anc1 c£ gen8%8t1.ng a gas due to 

th~ clecompositi.on; and 

ir:r:acliating a sec:ond pulse 1aser beam of a 

seocma p:eedetermineCl ti.me wi.dth on the p0rtJ.on oi:: sai.d 

insulat:S.ng 1ayer on whi.ch the. first pulse l.aser beam. is 

irr.adiated to vaporize and remove 8 residual film on . 

the bottcm of a via-ho1e, 

said second pu1se laser beam having an 

irradiation beam spot size larger than that of said 

fi.:rst puJ.se 1aser beam so as to expand to a. range which· 

ca~a._ a thexmaJ.ly denatured ar:ea o'f said ~n~~a:tJ.ng 

layer·. 

2. A method accordi.ng to Claim 1, wherein the 

precJetermined ti.me width of said £1.rSt pulse 1aser beam 

i.s the pu1se width ranging 10 µs ta 20 ms, and the 

second pul.se l.a.9~ beam has the ~adiat.ion 1.ntensity 

1ess than about 200 ns of the. puisa width and more thaz\ 

11111111111111 11111 1111111 1111 
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about 10 wj,Jarf of the peak power d.ens:tty. 

3. A me1:ho4 according ~o Claim 1, further 

00111Prising the steps of: 

spraying a gas to stid ·1aser beam 

irrad~ated portion. 

4. A method according to C1aim 1, wherein the 

irradiat:Lo:n beam spot size of said second pulse laser 

beaia. is so set as to reach an outer diameter, cl.ose to 

sai.d .insv.lating l.ayer containing an O:t"ganic substance 

or the surf ac~ o:E said film, of a. thmmal.ly decomposed 

deposit created on a side wall portion near an opening 

edge by the irradiat.ion of sa.id.first pu1se lasca beain.-

s .. A iaetbod of trm:king a f j,l'ftl containing an 

orgaitlc substance, comprising the steps of: 
! 

irradiating a first puJ.ae 1aser beam having 

a pul.se width o:f a f.:lrst precJeterm.nea time w.idth on 

said organic film at a via-hole·forming portion o£ said 

organi.c film to cause at 1east atV' ane of rea.cti.ans o~ 

therma11y decomposing a first laser beam irr8d:late4 

portion of sa.id organic:: f~ and of generating a gas 

due to thAn1181. decomposition: and 

irradiating a second pul.se laser baa 

having a beam s.Pot s.i.lm larger then that of said :t::l.rst 

pulse laser beam so as to eapand to a range wh1.ch 

covers a thermally denatured area of sa14 organic f'11m 

and having a iru1se width of a se=ncl precleterld,ned ti.me 

wiClth on said fint pulse laser beam irradi.ab!d portion 

111111111111111111111111111111 
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o:f sai'! organic :film. 

6. A metboc.l according to C1aim 5, wherein the 

pred.otermined time width of said. :E.irst pulse 1aser beam. 

is the pulse width ranging 10 µs to 20 msr and the 

second pulse laser beam has tbe. irradiation intensity 

1ess than about 200 ns of the pulse width and more than 

about 10 Mrl./m2 of the peak power densi'tf' .. 

7. An organi.c film "WOrking method acco:rding to 

C1ai11L 5, further comprising the step of spraying a gas 

to said laser beam ixradiated portion .. 

8. An oxganic fil.Jll working method according to 

C1a:l.m s. wherein the iJ:'racliati.on beans spot si%e 0£ sai.d 

second pulse l.aser beam. is so set as 1:o reacb an outer 

diameter, clo6e to said insulating 1a:yer containing an 

orgeni.c sub.stance or the surface 0£ said f i.l.m, 0£ a 

t:heJ:mally decomposed depOsit created on a sJ.de wall 

portion near an opening edge by the J.:rradi.ation of said 

fJ.rst pulse laser bep. 
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