;yze3ed nCGc$SF6TNFQ%6 SPECI FI CATI ON Met hod for Manufacturing Printed Wring
Board TECHNI CAL FI ELD The present invention relates to a nethod for

manuf acturing a printed wiring board, which enploys a car | oxi de | aser
to formrecess portions such as via holes in a copper cla @mm m@ﬂmmﬂ,ﬁn
produce the printed wiring board. 10 BACKGROUND ART In re ! th
the w despread use of cellular phones, nobile tools, and not ebsok* per sonal

conputers, there has been an incr ' for products which are 15
| i ght wei ght and conpact and mhich§ﬁ§$£958ﬁ¥gﬁgden3|ty nmounting. For this
reason, a printed wiring board installed into an electronic apparatus
requires the formation of fine pitch circuits. A printed wiring board which

islltightwei ght  ang )& HBRAGEar AU £ €51 G OFHEL PdaawE ki G Boedr d having a
mul tl
H TECHNICAL FIELD
The present invention relates to a method for
manufacturing a printed wiring board, which employs a carbon
dioxide laser to form recess portions such as via holes in a
copper clad laminate to produce the printed wiring board.
10
BACKGROUND ART
In recent years, with the widespread use of cellular
phones, mobile tools, and notebook personal computers, there
has been an increasing demand for products which are
15 1lightweight and compact and which have a high density
mounting. For this reason, a printed wiring board installed
into an electronic apparatus requires the formation of fine-
pitch circuits.
A printed wiring board which is lightweight and
20 compact requires producing a circuit board having a multi-
layer structure and a high density. In order to ensure
interlayer electrical connections through a multi-layer
printed wiring board, a conventionally used method is to
form a plurality of through holes passing through a
29 substrate. On the other hand, in recent years, for the
purpose of increasing the freedom of design multi-layer

printed wiring boards, a commonly used method is to form via

R
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| ayer structure and a high density. In order to ensure interlayer
el ectrical 'connections through a nulti-layer printed wiring board, a
conventional ly used nethod is to forma plurality of through hol es passing
through a 25 substrate. On the other hand, in recent years, for the purpose
of increasing the freedomof design nulti-layer printed wiring boards, a
comonly used nethod is to formyvia hol es having a smaller dianeter than
that of t r a_hole L ot her small .diameter holes such as blind via
hol es (B }ggngg?EPgrét?PFaﬁefiggﬁﬁégéﬁl ﬁﬁﬁ?ﬂP%kf ot “RRPRER ¢ hr ough
an associ sufst boar.d .but. tend.to the 5 surfaces of |nner_copper
foil | aye?é.fgfh g?dé?}ltgg ?gra%lt lﬁéa?r%a%lr Bedfd eef'ucﬁblaéss%][fc’hga%l? E]éof‘ﬁf'ough
hol es and(¥¢fikPUSndi 2nkLES 4 oRygnt d hs; 1,0 perform nechanica
( PUan nt8rEtitdald 3‘5.% LAY @I{E)}a V\B’Fléh CP? yn%if e:?rgﬂmg

drilling on a printed wring board so as to urali S

di amet er o9kgsgn VhhNabBEcllcude sabetiht s tliddd Wl (Al @0l urality

of printed wiring boards nay be | am nated one upon anot at they can

be pracessedfséanl baneaHsky cByparsisadhe 1@hiddd Ng operation. If multiple
spindle drilling is enployed, 1t is possible to nore easily inprove the

- productivity ofrdherdérdeol kbpg theabmanl. dfumeR@r oA e sVt Ny drid | i ng
treatnent is perfornmed to formsnall dianmeter holes, nobst of such hol es

have a ditinedwegh dioDe8d 4nd0vé4riBusHoway Bloled,t b dRIHAAIASS Qe t185d0N0! 0gy
during recent years, a further inproved drilling 20 treatnent has becone

possi bl e iwitth penform| hebbhedchavidrdla itigawmt ar pafintekb wirihg@ board! n
addition, another drilling treatnent has been consi dered which enploys a
carbi de d¥?lasteefEermmhal ptunaliny efdsamdflediametelr thwl@s05 withHuMver,
this ﬂrilling 25 treatnent has been found to have many probl enms which have
to bdli ecdif coff |5u2h| ¥cdrikbingxanphsmenti | s Pload Liitys wdh peidrtied i ng
treatnment have only a short useful life, and there - 2
wiring bodrds may be laminated one upon another so that they
can be processed simultaneously by a single drilling
operation. If multiple spindle drilling is employed, it is
possible to more easily improve the productivity of the
15 drilling treatment.
Furthermore, when the drilling treatment is performed
to form small diameter holes, most of such holes have a
diameter of 0.3 to 0.4 mm. However, with the progress of
technology during recent years, a further improved drilling
20  treatment has become possible which can drill holes having a
diameter of 0.15 to 0.25 mm.
In addition, another drilling treatment has been
considered which employs a carbide drill to form holes
having a diameter of 0.1 to 0.05 mm. However, this drilling
25 treatment has been found to have many problems which have to

be technically solved. For example, drills used in such a

drilling treatment have only a short useful life, and there



are sone printed wiring boards which cannot be easily cut by drilling. On

- the other hand, in the present market, the speed with which electronic
devices and el ectric apparatus have 5 becone nore conpact and |i ghtwei ght
has been high. As a result, the present situation requires a nore

remar kabl e progress in '"the drilling technique. Consequently, a |aser
processi ng techni que has been put into practical use to formsmall dianeter

hol havj ' f || 10 | . I
or ocessi rtt L onie (RELEeR w50y kR B rTom, Sy, do. 605 1Y o Fney ™"

W ring bo initial irradiation using laser light is allowed to start
g bogf 11i@. ; : . .
froma resin subStrate (first type |aser abrasion), or is permtted to

start fromthe r e er ;foi i j_| t a
desired circui t&?s‘félggn%e{l§geﬁ?g§ér igblrtgse;,\%rf%gekti H?ixjskeltt?rrg’rhé;f‘s%gée]@? he
_g\?é ﬂQ@e pr oper By

surface ofienCPRPER &0bbtbBnid @evidkRd Rd ld1aas @Nddiiis difs
of reflecting laser light, the second type laser abrasion is difficult. 2

In fadt, bBédcome ahdPEt cofipassi hha 13 ghehedlght! ha Ll IBENd tagpe | aser
abrasion on the surface of a copper foil having a certain brilliance. Here,

the fact tdwile, coppeprénehtr sfikaatdohaseiquliir@y avinldres ause @k 4lers ease in
the initial laser light absorbing efficiency. As a result, the 25 speed of

form ng towoglesss eilnhehesawilllihe tednniqael.y cedweqdenthys la0vRIdglg t he
production efficiency. For this reason, in the case where the above

ment i onedpeceseintgpeechB8iquel haer bakbnaputn int ot pracad call dee s Edhe
desired holes, it is necessary to first performan etching treatnent to
renove ars®tkrdbamevppeholapgehaviom andiase tier wifi ©h it men ot esmak ket 0 be
forrre%. In fact, this is the conformal mask method 5 which has al ready been
wel | -Wnown. | n Ihethdovaseewbebred teERFNYTrPressAngt teichniguecdasawed t o
apply an etching resjst. However, since it has been difficult to control
the precitQ fPTF $Mel} cdiadretpy| hedepon At PRAS LSS WiNidw HIFidult to

ensure high, 10 precisipn ?f the ,etching position in_an area where holes are
to be for’%b’d"tlﬁﬁg rradiptiopnuping; FPsgé d3188&i disoRdiloyeR HA Gt akk ween
| and pad portions form conFac oi nts of an inner copper, foil circuit
and via Hol®% 3592t} o?'ﬂgﬁtﬁﬁ ?nzjfgﬁétl a¥BF iﬁF&é‘i 3Rras}oRderrt dt %ol ve

this F”(ﬂﬂé¥ﬂitted to start from the surface of a copper foil which

19 will later become a desired circuit (second type laser
abrasion). At this time, since the surface of a copper foil
has a certain brilliance and thus has the property of
reflecting laser light, the second type laser abrasion is
difficult.

20 In fact, it is almost impossible to perform the above
second type laser abrasion on the surface of a copper foil
having a certain brilliance. Here, the fact that a copper
foil reflects laser light will cause a decrease in the
initial laser light absorbing efficiency. As a result, the

20 speed of forming the desired holes will be undesirably
reduced, thus lowering the production efficiency. For this

reason, in the case where the above mentioned second type



15 such a positional deviation has been taken into account so that the |and
pad portions of the inner copper foil circuit are usually designed to have
a relatively large size. This, however, is extrenely unfavorable for naking
an inner copper foil circuit having a fine structure. 20 Furthernore,
different sorts of lasers wll of course exhibit different hole formation
performances during the hole formation process. Nanely, although using YAG

car bon ai SAPSE SBYRSABAY 4R, CReFled /TR g (T Hod Biga Ay fpp, V110 °
renderlngl tné 9§§%§'@ot9 §g§uégfg}§§‘v& éﬁ%ﬁ%g réggétmedrggsﬁZ%mO? view

of this, t ere en a deman oplng I 'nprove

manuf act Uik NG Be PR BBppet 1aylls! IE2Omd G GnelGh IR A0SR0 0L LRYO! Ve

an etching treatnent for treatlng copper but 1's capa

simul tanepyshy sbaRkklzifig PALP, acRORPEE ftﬁlel caa@oémraq%as'@wu d thus
treating themusing a carbon di oxi de | aser. 5 BRI EF DESCRI PTI ON THE

DRAW NGS #hfch lhas algehapabeenCwall -ke@wnonal VI ew showi ng a copper clad
lam nate. Fig. 2 is a photograph taken through an optical m croscope,

showi ng a crossisethé oabotvet fieneopped &@chliag ltawaradenrt Fiiez ik is a graph
showi ng a rel ati onship between the reflectance of |aser |light and the
roughnessnetessaryetbahpplyf ancetehdngs ries iz tSChabwkiverGr @inhcecdid aiw Vi ew
showi ng an el ectrodeposited copper foil with carrier. Figs. 5 6, 7, 8 and
9 are scliceenidifgptahat bpyconewsllShehpwiend sd ol @f odlar trd=irs tranuf act uri ng
a printed wiring board. SUVMARY OF THE I NVENTION I n view of the above, the
i nvent or sappli¢et ppeseht ROsi heent Bdmo &d £ et ttcofertrarmk dnidghdi | i gent
researches, have acconplished an invention which is an inproved nethod for
manufldct RTeRiBieR| Af clhai eLAhiBgapaesikionh ire@io@reseshrste ihnkeseaxsi ng
the above nentioned conformal mask method for _renoving copper foil, but is
capabl e of° ttufeERRusIAE 23 TeRutFngthers widdpBer af BPEi&A@NALr esin | ayer

by u5|ng car bpn thX|de | aser,. In t he follow ng, the present invention
will be Yﬁ?iﬁﬁP Hﬁ?ﬁnd Pap|pa portions forming contact points

of an inner copper foil circuit and via holes to be formed
during the laser abrasion. In order to solve this problem,

15 such a positional deviation has been taken into account so
that the land pad portions of the inner copper foil circuit
are usually designed to have a relatively large size. This,
however, is extremely unfavorable for making an inner copper
foil circuit having a fine structure.

20 Furthermore, different sorts of lasers will of course
exhibit different hole formation performances during the
hole formation process. Namely, although using YAG laser
will not cause any problem in treating a copper foil layer,
using a carbon dioxide will make it difficult to treat the

25 copper foil, rendering it impossible to ensure a stable hole
formation process. In view of this, there has been a demand

for developing an improved method of manufacturing a printed



-5 An invention recited in claiml is a nethod for manufacturing a
printed wring board, wherein a carbon dioxide |aser is used to formrecess
portions such as via holes in a copper clad |am nate, followed by plating
to form5 interlayer electrical connection, formng etching resist |ayers,
and exposi ng and devel oping the etching resist |ayers, thereby effecting a
circuit etching treatnent, characterized in that the copper clad | am nate

i | am nat g f d.b ' foils to f t er nal 10
Foi s, THECTERT pEebt. | WREeROpE APt SBRPare", R Ve ATere SR ami na c.

Such a copper, clad Lam pate _has external. cqpper fail |ayers fornmed by using
copper foﬁg%a%%%ﬂghgﬂfngrﬁaﬁéﬂg-FPP8e§h§6éqdr%@§rfﬁbé?%%ﬁéﬁhf? uration. The
wave 15 |] L fodefl . nore rrectl i S in Fig. 1, which is
a schemt%ﬁ%?%%ggg‘ééc% o%g%ﬂglgé@l?ﬁo%\ngﬁé t%hec)é('%’ﬁﬁer ocwgc?qdarﬁ ﬁra?sel.n Narel y,

t he bul k r e f p ol l. .l ayer f or.ned j.n corrugated
confi gur a%%gén)a Aéﬁséﬁlﬁgesg%?ﬁ%ggl g?/lg?n }'lgl%%r %e%a%%%élnglg'%rl’f aecef%?e]éach 20
copper, foil, or both surfaces of each copper foil may be fornmed with rust
preventive | ayers, depending upon actual necessity. However, in the

acconpanyi ng draw ngs e OERFCIEERRIG | 6F VP R¥SDRANEGESE to the present
specification, such rust preventive layers are omtted. Fig. 2 is a

phot ograph 25 shiopi D 8§ ACL&REmEEDESce86Ei 8BcRfioal1eXERWI @AMl fOI | Of
a copper clad lamnate used in the present invention, which cross section

was Vi ewetbpgeOugia@nl apinsee . MEIPSCOPEs a PhotodhapRORARENS @hirou@er
shown in Fig. 2 is viewed in a manner different fromthat of the schematic
vi ew of FHg.odtbechusicbosbopae bhbkingppekroageisecaidn E fune ciper
particles are all nade of copper material. Therefore, interfaces 5 between
t he d8pperlddylaminmmde t h&Fimpperipaa tgrapls shewiny gl ealationshdp t he
wave-|i ke shape of the bul k copper |ayers cannot be clearly seen in the
phot ogr agtetwyemn theareflectancer phit ddseirr Laghttoand rrveufrastohmiess et hod
according to the present invention, since the holes 10 are forned by using
a carbon @iRpteridhstpriage; s Figeskaly 2 osehkmatheocressunectihonal
irradiation conditjons when using the carbon dioxide |aser, and the copper
foils nustigr shpwing %%eﬁl%%reﬁaae%retﬂhéowaﬂdfemlkww&paarlrdﬁs. I n
view of tgyég.t$F gPpPFrSfghéSngLeugghggaggg gg Rggaggig views

15 showing a flow chart for manufacturing a printed wiring

board.

SUMMARY OF THE INVENTION
In view of the above, the inventors of the present

20 invention, as a result of hard and diligent researches, have
accomplished an invention which is an improved method for
manufacturing a printed wiring board, which method does not
involve using the above mentioned conformal mask method for
removing copper foil, but is capable of simultaneously

25 treating both a copper foil and a resin layer by using a
carbon dioxide laser. In the following, the present

invention will be described in more detail.



15 lam nate in the present invention have to be so forned that the

t hi ckness of each bulk layer is 18 ~mor less, as recited-in claim2. Here,
the "thi ckness" does not nmean a thickness val ue neasured by a common gauge,
but neans a nom nal thickness which is comonly used in dealing with a 20
copper foil and is obtained by converting an area weight. In particular,
wth regard to the copper foils to be manufactured by an electrolytic

nmet hod, the sha L \\av re .required ta he maintai ned. properly in
order to achievgga?ﬁgéggﬁ§§s§§§§§§drg%ifé_ﬁﬂ:%ﬂ%ﬁrﬁiﬂeéhﬂ{nﬁ§% 25 al t hough
there 1S nohuPR¥chbihbab! 8011 Gl A dddlid, Unddid il Ckigssy o the bul k
copper layer, such a Thicknéss naylbe out 1"~m'so as to ensure uniformty

and stabigiby18b 1asBECEPLEL ¢O WRGH %%5@% SEETak Sylgred by

using the electrolytic nmetho to ensure y and ot her

desired eﬁ$iéﬁeﬂﬁiQscogﬁekoﬁﬁhaglhmﬁn%ﬁkﬁr@%lﬁHUHE”bJcgiiﬁﬂﬁfréoefgpm

having 5 the above descri bed wave-1i ke shape, 1t 1s possi o reduce the

refl edt ancge@f1aPer! aseeckight. coane tiRACi g ity & dtianess Phc t he | aser
| ight means an increase in the efficiency of obtaining heat energy fromthe

| aser |i ghdyetie| eanéinefpO8t no andalapie 10 ref frard ey dipld&s bye 10 usi ng
the copper clad | am nate havi ng waved external copper foils, a graph is
prepar ed hayletrs, shhenebp Efgectinghiaclk iimdiicateasciane| tid Diedni, bet ween t he
surface roughness of the copper foils and the reflectance of the |aser

i ght. Atcharactenmbzefhéncohditt ithes coppeirhe laar Namidiaved dies |faskdmilbate
irradiation may be set so that the frequency is 1000 Hz, the nmask di aneter
is 5.0 mformedpbysesindt wavedc@opper tflod Lsultse fenmr @xtiesrnfl (coppet he
offset is 0.8, and the dianmeter of the |aser beamis 140 Vim thereby
ensurlilng £¢&l%ornation of holes of 110 ~min various copper clad |ani nates
formed 20 by using copper foils of different thicknesses. By setting the
pul se energyaﬂTHEifFﬁg?r?t°FstBS§sFBV8nF6PnaeF6ﬂéP diertde (CORRESN |y
exhibit a wrkability difference when form.ng the holes using a | aser

li ght. ThcéJr%‘Fo %’Fl?ﬁge'rnv%‘h‘flbr% SPPRRE ﬁ?‘%gegP“‘FHGEﬁt hag R¥FErPRdvi ded a

j ud t 25 stapdard ibing.that if holes after | brasi on h
Ui et or SOPRST ROt of BXBB 1 BOTIRAPH “ErES: GORPEToROKE 18RS TOFRH on may

be COﬂSIq;t&QVQPpréagﬁgpe or corrugated configuration. The wave-

15 1ike shape, if defined more correctly, is shown in Fig. 1
which is a schematic cross sectional view showing the copper
clad laminate. Namely, the bulk copper layers of the copper
foil layers are formed in a corrugated configuration. A
rust preventive layer is formed on one surface of each

20  copper foil, or both surfaces of each copper foil may be
formed with rust preventive layers, depending upon actual
necessity. However, in the accompanying drawings serving as
schematic views attached to the present specification, such
rust preventive layers are omitted. Fig. 2 is a photograph

25 showing an actual cross section of an external copper foil
of a copper clad laminate used in the present invention,

which cross section was viewed through an optical microscope.



_ g _ The surface roughness at this tinme is defined by using a matte side
of an el ectrodeposited copper foil and then changi ng the roughness thereof.
As may be clearly understood fromFig. 3, a higher value of the surface 5
roughness (Rz) of a copper foil can cause |aser light to have a | ower

refl ectance. Nanely, when conpared with a snmooth surface, a surface having
nore or | ess rugged portions is effective for increasing the absorption
efficiencyn9f o F ELght r ing.it sy, to 10 increase_the

t enper at ur eé)o? gégar ggg eflﬁgg?r rggéi“%?leia %fgt'hgzallef‘sevrl WHhtt ™ Thi %218 Because
if a surfagprbasnt UBPSH PRLLET B8S thked ght, Wl qﬂpf i rregul ar
reflection to a Iéui tagﬂe ext e%t , t%l%er%g%f“ﬁ%%cn\gliétw g{)tgsi e ob?cr:]% %3se the

ef {1 cl encoiit Usd NuiRCcbppst 1aglis Miq WhAHld Whpdls B OF-igler st ood

fromFig. 3, when the surface roughness Rz Is |arger he

reflectangfe of11 NRaki@sgt LbPRbrWinhkede aiNCeATRECrH) S Lk A SONSi der ed

due to the use of an el ectrodeposited copper foil in a roughness
neasunheney twéén Pelié i 60pper LH9e$BaRAA2@nel RpFRId a¥td&1¥s Hre not
el ectrodeposited copper foil is in a rugged state including nountaln-Ilike

portions,ckeai hado athi&sutheWvhivebeikbBakhhpe FUGMY HU&k BdreSiUfyetde

| arger the size of each nountain-like portion. In such a case, the
roughnesscamsssturiesreri easlyoadant éd thenpasitography a surface 25 having a

| arge roughness. However, in order to mnimze the reflectance of the | aser
light, it can B torseger@dto htheapsintealll wiringgbbardt wanhafge taxdivigs. For
exanple, thereis a g _ roughness which is equal to the wavel ength of
the | asermethad acgerdimé tor bhghnzesens saventdome tsimcenstheefHaelds ve for
m nim.zing the reflectance of the laser |ight. The above nmentioned suitable
ir reghl ard®s formed iRy qusingeai cagbpn diokAds wWaisel.pridsdsi besedmrry he
surface roquness_(FZ) of a waved copper foil is within a range of 2.0 to
20.0 | am®9 fea¥fe 9 RecPvlighhBesirgapiasipRafopdd tions: when usging. 0 Vi m

it will q§1iEPOﬁiibhi,ggiégp{gggrthgngoiﬁgbiIity m@en using laser light to
form hol &9 (Far QRH) ' copper foils must be able
to keep the shape of the waved bulk copper layers. In view
of this, the copper foils for use in the copper clad
15 laminate in the present invention have to be so formed that
the thickness of each bulk layer is 18 Um or lesgs, as
recited in claim 2. Here, the "thickness" does not mean a
thickness value measured by a common gauge, but means a
nominal thickness which is commonly used in dealing with a
20 copper foil and is obtained by converting an area weight. In
particular, with regard to the copper foils to be
manufactured by an electrolytic method, the shape of the
waves are required to be maintained properly in order to
achieve a roughness range recited in claim 3. Further,
25 although there is not any limitation to the lower limit of

the thickness of the bulk copper layer, such a thickness may

be about 1 Mm so as to ensure uniformity and stability of



10 foil layer. On the other hand, if the surface roughness is |arger than
20.0 I'lm deterioration will begin to occur in the workability when | aser
light is used to formholes in a copper foil layer. Wen the waved external
copper foils used in the 15 copper clad lamnate in the present invention
are irradiation with laser light, it is considered that the tenperature
Wil rise nost rapidly in the front portions (tops of nountain-I|ike

ti h t th foll
Rarel v 1o BYERLEER Rneh 8. PR o dh i ed € SRR P R G o R GPR
mount ai n-&ngeepeethemm@dmte't%ap% Wd Y5 ﬁ&f&tﬁhﬂvﬁ%@é&ﬁ grsﬁ' n high

t enper ature at nospnere tenmperature rise Iint al n- pOI’tIOﬂS

Wl be 6othaBsaasitagt ergilienlgRerature rise in the flat portions. As a
result, with 25 the start of the laser |light irradiation, the tenperature

will be increassq sygfenbycABdekrRirdhY idd & feaant l%?'etxjsorégaéﬁ
areas. Wien conpared with the case in which | aser - |1 ght 1's caused

to irmadi ghé abdlat d6BBLtBedUihaee 1ilkee shIFET alwriss igbddd V@Ved areas can
easily arrive at the boiling point of copper, thus causing the copper to be

evapor at efledlide t bhé Wa¥letitaaee! bE GhRPAag@t ariight Of Heh@ ,5 redREMmd 0i | My
be easily renoved by using the carbon dioxide |aser, it i s possible to
easi |y fotie hoéftebnahbe bEsitheshskeratid ghithereas rANdaidighdd POSEhél e to
attain the object of the present invention. Furthernore, since each
ext ernal ebbpeienoy| obf obheit@ngoppat enzddyarfirtat eehes Intker i Night. waved
configuration, it is possible to inprove the adhesion of an etching resi st
when the et chi rieyesi te ¢nger to dnpdweky ther eddecrt oheadombdre iy | . I n
gener a dry filmcoating and a liquid resist are used to forman etching
re5|§ | 4e¥nd HeheveprPes glad pamipasenbaving wayedentidnnaiecenrey to
carry out_a surface treatnment to properly nake the surface of a copper foi
rough by $2%}%e dr9EaRRi £8) PEPPRKES and A6 isdiowng, in Figs ot whielssary to
per form any_ ot her surfaie adhﬁﬁtlng treatment. 20 Usually, after formng
the etcmﬁﬁ?*%%?%? ?ayetashanfheR ﬁé“@ﬁ&hﬁﬁﬁ Surddice FAYEPes posed
t

dth I he | i t f
TSR LR o PR e e,
D501 )AL OB B0 .34 2 I e Coper

foils, i e copper anlnate use s pr

exposyr e H0hl £08: GRS ssdggﬁdsan@hw&e then%q-re'q%n%g 41 Sl e, e
mask diameter is 5.0 mm, the pulse width is 60 Ulsec, the
pulse energy is 16.0 mJ, the offset is 0.8, and the diameter
of the laser beam is 140 Hm, thereby ensuring the formation

of holes of 110 Hm in various copper clad laminates formed

20 by using copper foils of different thicknesses. By setting
the pulse energy at 16.0 mJ, it is possible for a lower
energy to easily exhibit a workability difference when
forming the holes using a laser light. Therefore, the
inventors of the present invention have provided a judgement

25 standard prescribing that if holes after laser abrasion have

a diameter in a range of 100 to 110 Hm, the result of the

laser abrasion may be considered acceptable.



treated circuit can be effectively increased, thereby proving to be
extremely effective in formng a fine pitch circuit. In fact, the present
invention is so formed that after 5 the copper clad lamnate is

manuf actured, holes are fornmed in the am nate by using | aser |ight,
followed by a plating treatnment to forman interlayer electrical
connection. Subsequently, the above material is treated in a usual etching

process, so as {0 by Ppsbe ! PHuIRAYERCLYN LRY 62 t1RePiisN Rt M dd ri% board, For
I y vance 1&frove

this reason, since It Is not necessary to prelimnarily in ad

copper foj Ind¢oan @wasobeaﬂgeheeailgpte'f,@s\eﬁaefa %&p%%ﬁfy #di9htandinlike the

conformal mask nethod, it is possible to effective reduce the production

cost for dmdngoed UEh8@Jraughh8E8dtWeledd .PORE madSriighegRAYf acturing a
copper clad lam nate for use in the present invention, it is extremnely

f avor abl enride espdbod Brom! BEHL 0depaahtiglegoRRiuef @f tMd A Gagdier. In
particular, it is preferred to use an el ectrodeposited copper foil as a

carri ér frddghrhespr (Rkfeof &0ppPpekoitbid0 chnyeauski Aader tiulghtd oFds an
external copper |ayer of the copper clad |lam nate on the matte side of the
copper f didve as bdwen refFegtadcel n Namelwaywhéhecbupkrkay et thf acach

el ectrodeposited copper foil will becone into a state in which the rugged
shape of ammotdursuxrfadei | ahasrbeeca BBvingnsbeer ed tlestsherumgdda copper,
thereby efficiently producing the desired corrugated configuration.

Furt her, BR%fdeons coppeffertiiveafibnaincreapangnshed absorptaom epreg - 12
with a carrier foil in magnufacturing, the corrugated configuration is not
col | apse®ffirdiRpaY R Esk2s9rt tghkentherpbrempkdnguditngaistye tioor nati on of a
surfgge having a properly maintained rugged configuration. Here, so long a
5 cogﬁer FHiTease rhe| LRIRPRTREREPt F 8BppEraf BRing dxraddatedey tthae is
no limtation to thei r(#y,pes,. ILn other word, it is possible to use an

et chabl e T3f%E bt e JEis AR RPSAHPT HLE ot FERERchesrFr8gedoi | or a

peel abl e 3R SAPAN £ 0F PEShENG: A0 BYS LRV PO LhE aS LS e S s
to a suitable extent, thereby making it possible to increase
the efficiency in using the laser light.

15 In addition, as may be understood from Fig. 3, when
the surface roughness Rz is larger than 20 Mm, the
reflectance of the laser light will be increased. This can
be considered due to the use of an electrodeposited copper
foil in a roughness measurement. 1In particular, the shape

20 of a matte side of an electrodeposited copper foil is in a
rugged state including mountain-like portions, so that a
result will be that the rougher the matte side, the larger
the size of each mountain-like portion. In such a case, the
roughness measurement is conducted to measure only a surface

25 having a large roughness. However, in order to minimize the
reflectance of the laser light, it can be considered that a

suitable irregularity range exists. For example, there is a



10 The printed wiring board manufacturing nethod recited in clainmns 1 to 3
has been proved nore effective than the conventional conformal nask nethod,
because the nethod of the present invention is able to effectively reduce
the total cost for manufacturing a printed wiring board by using 15 a
carbon di oxide |laser and at the sane tine to easily forma fine pitch
circuit. PREFERRED EMBODI MENT OF THE PRESENT I NVENTION In the foll owing, a

. preferre L pEN f..t resent .inventi.on w.l |l be described in nore
det ai | tgrgx géggaaﬁgfﬁog%f%%u%&nﬁfécﬁﬁﬁﬂﬁf%%ﬁﬂé%ﬂeﬁgxﬁq?n $%8rd, with

ref erence i g 4 9 i re schemat. £ ,craqss sectional ews, show ng
a copper %:*%%EI a%n%a?{égf aml—%\%\’g g?:e 1 % eq;%flé:fn%on%et este u“é?sn% ?%@%&H’Sht

was condugd £dn by fPzYhht ﬁeog'e%lle%‘ﬁ’faf?wes%fer?:qegﬁaQJerlﬁl g!n order that

some advantages and di sadvantages of the hole formation rpbess using | aser
light can be C"ﬁ%|é’bwgeﬁ|§h9§?gneﬁe%ﬁit1§%§% i-rrle%ulafiréaé%q{deor&sco Itions
: [

were set such that the frequency was 10 t hé mask aneter was 5.0 mm

the pul serabdidanes 69akimSSCwhibe P32 ABYOEMAS iy GPsaddie of fset was
0.8, and the | aser beam dianeter was 140 um thus ensuring the 5 formation

of hol es esedhliéys Ngra) doanat Ravell tbPplermsollt he GAMEM & achdfdr Hat e.
Therefore, as a qualification standard, when the holes fornmed during the
| aser abrase oto hzol. & Bhamet ©r ekl St balée OBohfhAekaNgs fead L8An! ¥R 0 110
Vim the inventors of the present invention could determ ne that 10 the
result ofldweserliabiasopn2wastiaccept atile. ben impe spriesentt enixpdidmntshd he
copper clad lam nate 1 was nmade of el ectrodeposited copper foils 2 with
carrier, yekkibity whenrusingelnsgerslighti tp £oram holesy imyerqopddr of
whi ch were | am nated together in a manner shown in Fig. 15 5(a). Then, a
hot groessﬁ‘hjgl WeAYRRr r i the qtherfkarda #fsthedshuvfagei spughhess time hot
pressing, carrier foils 5 were renoved, thereby obtaining a copper clad
| ani nat e @RFRFWNthan F2¢. 05km)  deeesiorptionewidddbeadint d copper ifoil 2
with carrier 20 inc|ludes a geelable tXpe mat eri al_which can be used by
renovi ng tiHe EQFFIRILIbY | when | Lapgr; 1ight dpergefddofioray hdmferit Al 2
wth carrier is gconprjised of the carrier foils 5, copper foil layers C and
conbinimf??ﬁ%ﬁfé%% I ?%?g'F. Each conbining interface layer F | ocated on
an interface 2 rj d copper..Layer i,S or gani c
!%ﬁgﬁvﬁﬁglﬁiégﬁ éEEe? gT(ﬁﬁPBﬁg %OIES gfﬁglﬂnrgggrred to as

agent formed by car boxybenzo t71azole can

CHTA)5 EadpgdPRefad AV Shifate $RMPhESEPelbnt i4vention are

irradiation with laser light, it is considered that the

temperature will rise most rapidly in the front portions
(tops of mountain-like portions) of waved areas. This is
similar to the following phenomenon. Namely, it is

20 generally considered that when a material having both
mountain-like portions and flat portions are introduced into
a certain high temperature atmosphere, the temperature rise
in the mountain-like portions will be 6 times as fast as the
temperature rise in the flat portions. As a result, with

25 the start of the laser light irradiation, the temperature
will be increased suddenly and rapidly in the front portions

of waved areas. When compared with the case in which laser



an anmount of copper particles B and a bul k copper layer 6 serving as a
conductor portion when a predetermned circuit is formed. Once the carrier
foils 5 were peeled off, the bulk 5 copper layers 6 fornmed by waved copper
foils appeared on the surfaces of the copper clad |lam nate. At this step, a
carbon di oxide |laser 7 was used to carry out a hole formation process using
| aser |ight. Then, the shape of each via hole 8 was forned in a manner
shown in Fj 6f¢C) fter .form. t he e of .each via hole 8, a
treatnentf%ggfcégrfgéggétkgol %thgﬁﬁ 1’ erQ§§59Q§€§n§q%:??%bn %tion in a
_rranner S %é?aalge Zﬁd):hel Qair@(&t arter&% tcra%atergesqt Oarrzf 'Ovremantg él‘tle
interlayer electrical connection was carriéd out By performhng 3

el ectrol e§§ippﬂae§ophetb@gcéy?pae,a%hh@. fQBith o YL dd dRvldY @
thickness of 1 to 2 I~m followed by an electrolytic copper plating to form

a copper dvaesr&cdaVi Nbh kD ClaesSs PhcdOtheMeopPed! RAkLPiBIS FORRE
pl ati ng solution actually used was a commonly utilized solution including

0.06 iol/dombecoppel fmalfBbeepsatghydmated 39 QslihgMel QirddA4Na, 0.5
nol/1 of HCHO, 10 ng/1 of 2,2 dipyridyl, 250 ng/1 of PEGLO00, with a pH of

12.5 and d&idehperpasee, oi t70€. pdBe ibhecitiooleasd 160 FHM M MAtd ai yashoer f or ned
in a short tine. After the el ectrol ess copper plating was conpl eted, an

el ectrol ytesimpl subagraes, pehéeoebpdrahdesiing d tCppparibd frd e sl ik | ©e
containing free sulfuric acid (150 g/1) and copper (65 g/1), under a |evel
pl ati ng coniket onf | phehprésehe phaentdonenperature was 45C and the - 15
current density was 15 A/dma, thereby obtaining a copper |layer 9 having a
t hi ckness of 1Furthemmprequebnég, eathsengenndlacdppenry fioidatorfertthener e
cond @ted. An ultraviolet-setting dry filmwas |anm nated on 5 to the

surfg e JIORREM Hlad tdppedteajsr mgdpadnty a woyesr copfdouratdamd ither eon,
thereby obtaining etching resist |ayers 10 in a manner shown in Fig. 7(e).
Then, pat’tserl?ﬁ”?ﬁ‘)ﬂ?:’r? r’rE°V\g'FBraY?aEHEdaFBeFHé’nePéhPﬁ‘g etediing |rapdat 10,

followed first by an exposure,treatnent ,and.then _by a
when thg etchfgg resist ?ayer is directlyyformed on the

copper foil. In general, a dry film coating and a liquid
resist are used to form an etching resist layer. However,

15 as a pretreatment, it is normally necessary to carry out a
surface treatment to properly make the surface of a copper
foil rough by virtue of chemical or physical polishing, it
is not necessary to perform any other surface adjusting
treatment.

20 Usually, after forming the etching resist layer and
when the etching circuit pattern is exposed and then
developed, there will be a phenomenon that the linearity of
circuit edges will be damaged due to exposure problems.
However, if an appropriate irregularity is formed on the

25 surface of the external copper foils, like that in the
copper clad laminate used in the present invention, exposure

problems can be reduced and the linearity of an etching-

11 -



10 devel oprment treatnent, thereby retaining the etching resist layers 10
only in areas on which predetermned circuits were to be forned, in a
manner shown in Fig. 8(f). Afterwards, a cupric chloride etchant was used
to carry out an etching treatnent, thereby formng circuits in a manner
shown in Fig. 15 8(g). Finally, as shown in Fig. 9(h), a treatnent for
renoving the etching resist layers 10 were conducted by using a sodi um

hydr oxi de KOR @S t f¥%?/ th tchin esi st |ayers
1%, t hus B?géggfinglﬁgﬁﬁntce va\“%r ie[lg otgir‘;_ 1. cgle%éj%%t g#??ﬁéyl nvention
Wi th the gsgvohgt B8 BR! RIY eQle 1PRRUE AL LN Y £ %f!ﬂfg %" H.{;'g g?@rﬂ
according to the present invention, It has becone posSible to performa

hol e forngiienpiprocess using 25 laser light which is said to be difficult
in the prior art, by virtue of irradiation using a carbon dioxide |aser, as

well as by virtoe ehcti dhbapeedenteRan tdford iIGORREIESQda -t arflfd @
resin substrate. Therefore, using the printed wiring board manufacturi ng

met hod of théecpppeentladyaainita.teC A ainudwd tuiidd) b IEHCLSS £8PmbE

enpl oyed, without having to peel off in advance the copper foils from areas
which arei% thealedibuta bgsesihigghltaseSudlightpedidpwed B ed &L pRGESSary
I n a conventional conformal nethod. Therefore, it has becone possible to
greatly revegement tosfofwr asquimtesriayeny esdiemnticals awidedsiéhe total cost
for manufacturing a printed wiring board, thereby providing the market with
10 | ower -Prbeeapentili sthe apove @aglevBal is treated in a usual

etching process, so as to be used for manufacturing a

10 printed wiring board. For this reason, since it is not
necessary to preliminarily in advance remove copper foil
from areas being irradiated with a laser light, unlike the
conformal mask method, it is possible to effectively reduce
the production cost for manufacturing a printed wiring board.

15 When manufacturing a copper clad laminate for use in
the present invention, it is extremely favorable to employ
an electrodeposited copper foil with a carrier. 1In
particular, it is preferred to use an electrodeposited
copper foil as a carrier foil, to provide a copper foil

20 layer which in turn forms an external copper layer of the
copper clad laminate on the matte side of the copper foil,
as shown in Fig. 4. 1In this way, the bulk layer of each
electrodeposited copper foil will become into a state in
which the rugged shape of the carrier foil has been

25 transferred to the bulk copper, thereby efficiently
producing the desired corrugated configuration. Further,

since a copper clad laminate is laminated on to a prepreg



1. A nethod for manufacturing a printed wiring board, conprising the steps
- of: u5|ng a carbon dioxide laser to 5 formrecess portions such as via
holes in a copper clad |lam nate; plating said copper clad lam nate to form
_interlayer electrical connections form ng etching resist l|layers; and
exposi ng and devel oping the etching resist layers, thereby effecting a
circuit etching treatnent, 10 wherein the copper clad lamnate is a

s ,to form external copper foils.

| t f d

ZamAn?retehod ggg %ﬁgiact 5r°|‘1n CO pereff %"ﬁ"ﬁbg'bota}"red et o claim 1,

wherein egGhs YGYEd. ¢ORPEL fay cofi I BRI EEECR gts B e
a g a

foils of t pper c¢ | am nate | 8508 arﬁ’ulak
CondUCtOrtﬁéiE&H&teHEuEQﬁgp'i:th o el S A AP Bl A Ne copper

particles for ensuring an adhesion stren %eéteen he S Hut% %opper | ayer

and a resﬂ)f‘oﬁé‘?fﬁrﬁaﬁntéﬁlﬂeﬁ E“d?ge%o oo %\i%y?\{:qgrﬁye%legﬁa' E:fco per

| ayer having a thickness of m or | ess 6d for oA uring a

print&d vispperbeayd QQCQﬁdb@QcTthQﬂe BikedRRAIdL AN Gl di S vaved copper
foils 25 has a surface roughness ( of 2.0 t0°20.0

. ASuUR AFAFrAler, . thé¥e. AEhRB. &*Ym&?.a’ﬁg.m{ t'sY tlh’elée’h:lyp%:sa‘lzo I%F%E:?ﬁ@: F?. A3{F,

. AFF, . A3. F?. A3F?. Al AF?. AY{Il ?=M/ 2APQv! ] . f zuoi d*XRU] cal] caU] ca] cal] cal] ca] ca
] lCJ]a] caU]U] c»]adjccauwa.w cpbk s abtaUkeaukea kbt adktaldhea Wil cldLaald cad) cal cal] ¢
aU caljcaljc<a u ~
58p~aps?za ek RUAnd] thuk cabldapc abkc ablredeealfodaUlorala Pdaal xa] wadd cal cau
] ca] cal] ca] cal] ca] cal] caU] ca] cal] ca] cal] ca] cal] ca] cRa?HR7958u\ _uPY<>
HO3r zt oi et balhEadealinalpnd] thupc zpoabliagUitbaUlcaairdald adical] ca] cal] ca]
cay 03] cal ca] cal] call ca] cal] ca] cal] ca] cal] ca] caj |
ul x! 10 iy 547 A aRrintedi el xkay chpand] vatpfabtatliog] eethod caldicaldal] caU
] ca] cay caU] cal caU] c ']:caU] cal] ca] cal] ca] cal] ca] cal] ca] cal] ca] caU] ca (((((((

)) **g +i MR elaim has been proved more effective than the
.11/ ztnhc] WR ca caU] cal] cal] ca] cal] cal] ca] cal] ca] cal] ca] cal] ca] ca

Ul cal caU]"c‘Hi c%'h] ‘ﬂ? %&E’%Ea@?é&]{ﬂﬁ‘a 95?086%&&PLO¢%P12‘L@£§44%&4?566]777
88999: thl C alca ca] cal] caU ca] cal] ca] cal] ca] cal] cal] ca]
ca] ca] calE] ]t 5 Ea%ﬂ’?:ﬁ] tquptfpesdedyoneduce the

Ml W A s

ﬂ Eatp%l\/l(;/lz\i/l%NN ‘%f % % a%fca%ca €af2l céf@aﬁfcif@élﬁ]ycfﬂrd'hlﬂ ca] ca
Ul cal] calggald Gaild apl eakdepd cal] ca] cal] cal] ca] cal] cal] ca] cal] ca#O PP%) QRRR

RWRCSFSSSSSTTT: U<UUUUVV) VAKX
Xzuoi c] XRUU] ca] cal] cal] cal] cal] ca] cal] cal] ca] cal] ca] cal] calU] ca] cal] ca] cal] c
a] cal] ca] cal] cal] ca] ca] ca] cal] ca] cal] ca] cal] ca X! X. X/ X6X7XTXOY<YYYZZZ[ [\
1] FpArEArn_ > 7 pREFERREDXEMBONRMENGG I A ald b€ atfemisrdd call ca] cal ca
U] ca] cal] cal] ca] cal] cal] ca] cal] ca] cal] ca] cal] caU] cal] caU] caU] caU] calU] ca_r 't
" aaaaaa. bObCc Eac ytthed dubddhakeass f 3 65:@ £yt od cohBb&Sheh XRYE] eakl ca] cal ca] ca
U C(G]anU] cal] ca] calU] ca] caU] ca] caU] ca] cal] caU] ca] cal] ca] cal] ca] cal] ca] cal] ca
] caUL@ aUpaaiscalt] carirftds DoDEL (Be YAdHOHIKSd iAOMBrée) deBald to

explain a method for manufacturing a printed wiring board,

with reference to Figs. 4 to 9 which are schematic cross

sectional views showing a copper clad laminate 1. However,

a hole forming test using laser light was conducted by

25 virtue of a low pulse energy of 16 mJ, in order that some

advantages and disadvantages of the hole formation process

using laser light can be clearly understood. Here, laser

- 13 -
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5 formation of holes each having a diameter of 110 Um in the
copper clad laminate. Therefore, as a qualification
standard, when the holes formed during the laser abrasion
had a diameter distribution in a range from 100 Hm to 110 Mm,
the inventors of the present invention could determine that

10 the result of laser abrasion was acceptable.

In the present embodiment, the copper clad laminate 1
was made of electrodeposited copper foils 2 with carrier,
prepregs 3, a core material 4 serving as an inner layer, all
of which were laminated together in a manner shown in Fig.

15 5(a). Then, a hot pressing was carried out to effect a
desired formation. After the hot pressing, carrier foils 5§
were removed, thereby obtaining a copper clad laminate 1
shown in Fig. 5(a).

Here, the electrodeposited copper foil 2 with carrier

20  includes a peelable type material which can be used by
removing the carrier foil 5. In fact, the electrodeposited
copper foil 2 with carrier is comprised of the carrier foils
5, copper foil layers C, and combining interface layers F.
Each combining interface layer F located on an interface

25 Dbetween a carrier 5 and a copper layer C is an organic agent
formed by carboxybenzo triazole (which can be simply

referred to as CBTA). Each copper layer C is comprised of

- 14 -
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Once the carrier foils 5 were peeled off, the bulk

) copper layers 6 formed by waved copper foils appeared on the
surfaces of the copper clad laminate. At this step, a
carbon dioxide laser 7 was used to carry out a hole
formation process using laser light. Then, the shape of each
via hole 8 was formed in a manner shown in Fig. 6(c).

10 After forming the shape of each via hole 8, a
treatment was carried out to form an interlayer electrical
connection in a manner shown in Fig. 7(d). In fact, the
treatment for forming the interlayer electrical connection
was carried out by performing an electroless copper plating

15 so as to form a copper layer having a thickness of 1 to 2 Mm,
followed by an electrolytic copper plating to form a copper
layer 9 having a thickness of 10 Hm. An electroless copper
plating solution actually used was a commonly utilized
solution including 0.06 mol/l of copper sulfate pentahydrate,

200 0.12 mol/1 of EDTA'4Na, 0.5 mol/l of HCHO, 10 mg/l of 2,2°'-
dipyridyl, 250 mg/l of PEG1000, with a pH of 12.5 and a
temperature of 70°C. The electroless copper plating was
performed in a short time. After the electroless copper
plating was completed, an electrolytic plating was performed

25 using a copper sulfate solution containing free sulfuric
acid (150 g/1) and copper (65 g/l), under a level plating

condition in which the plating temperature was 45°C and the

15
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(LE SO SO e CamiLy S0 () et ()
@ () 2o 0o () RSaaoa ty . STSBEITS. RACLIHIAS SERRERRY Miiboe: () - 10
W& ()-!FRidRdfcted. 1an ultraviolet-setting dry film was laminated on
) to the surface of each bulk copper layer 6 having a copper
layer 9-formed thereon, thereby obtaining etching resist
layers 10 in a manner shown in Fig. 7(e). Then, patterning
films were attached to the etching resist layers 10,
followed first by an exposure treatment and then by a
10 development treatment, thereby retaining the etching resist
layers 10 only in areas on which predetermined circuits were
to be formed, in a manner shown in Fig. 8(f). Afterwards, a
cupric chloride etchant was used to carry out an etching
treatment, thereby forming circuits in a manner shown in Fig.
15 8(g). Finally, as shown in Fig. 9(h), a treatment for
removing the etching resist layers 10 were conducted by
using a sodium hydroxide solution, so as to wet remove the
hardened etching resist layers 10, thus producing a printed
wiring board 11.
20
Effect of the Invention
With the use of the method for manufacturing a printed
wiring board according to the present invention, it has
become possible to perform a hole formation process using
25 laser light which is said to be difficult in the prior art,

by virtue of irradiation using a carbon dioxide laser, as

well as by virtue of simultaneous removal of a copper foil
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to peel off in advance the copper foils from areas which are

) treated by a laser light. Such a peeling is otherwise

necessary in a conventional conformal method. Therefore, it

has become possible to greatly reduce the cost for equipment

investment, as well as the total cost for manufacturing a

printed wiring board, thereby providihg the market with

10 lower-price products.
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laminate; plating said copper clad laminate to form
interlayer electrical connections forming etching resist
layers; and exposing and developing the etching resist
layers, thereby effecting a circuit etching treatment,

100 wherein the copper clad laminate is a laminate formed by

using waved copper foils to form external copper foils.

2. A method for manufacturing a printed wiring board
according to claim 1, wherein each waved copper foil for use

15 in forming the external copper foils of the copper clad
laminate includes a bulk copper layer forming a conductor
circuit of the printed wiring board, an amount of fine
copper particles for ensuring an adhesion strength between
the bﬁlk copper layer and a resin substrate, and a rust

20 preventive layer, said bulk copper layer having a thickness

of 18 Hm or less.

3. A method for manufacturing a printed wiring board
according to claim 1, wherein each of the waved copper foils

25 has a surface roughness (Rz) of 2.0 to 20.0 Hm.



