SPECI FIsCATI ON Met hod for Manufacturing Printed Wring Board 5 TECHNI CAL
FI ELD The present invention relates to a nethod for manufacturing a ——

printed wiring board, which enploys a carbon di oxi de | as cess
portions such as via holes in a copper clad lamnate to lm w , "
printed wring board. 10 BACKGROUND ART In recent years, wt e
. . *15 gt |
w despread use of cellular phones, nobile tools, and notebook ﬁ r sona
conputers, there has been an incgesstrgcaesgnd for products which are 15
l'i ghtwei ght and conpact and which have a high density nounting. 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 Iightwemyﬂhdﬂufdx)Mznnmhﬁtufimgresiﬁteduw&agng Bbagydit board
having a nulti- layer structure and a high density. In order to ensure
interlayer electrical connections through a nulti-layer printed wring
board, a conventionally used nethod is to forma plurality of through
hol es 9passi ng through a 25 substTEGRNICKLtREELDher hand, in recent years,
for the purpose of increasing the freedomof design multi-layer printed
Wi ring boards, The@reseyt useventipndredatesf gomavimgthiedl dorhavi ng a
smal | er dianeter than that of the through
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 lightweight 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
25 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

IR
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hol,es, ‘or other small dianeter holes such as blind via holes (BVHs) and
interstitidl via holes (IVHs) which do not extend through an associ ated

substrate board but extend to the 5 surfaces of inner copper foil |ayers.
In order to formthe small dianmeter holes such as the through hol es and
various via holes, a conventional nmethod is to performnmechanical drilling

on a printed wiring board so as to forma plurality of small dianeter

hol es. Whb1E8end0iHgea0kmaiald ra (dianldtdld dHAAIIRIY o8 h&Ir@hidYgRf Printed
W ring boards may be | am nated one upon another so that they can be

processednsigy| t aneausky Bymad 1Sidigh tdr IHdIE: ARSf afd Wridd viUAtheles
spindle drilling is enployed, it is possible to nore easily inprove the
producti visynsf &he ihtdriskliitiglt vaat mtes FUNMHEN M Fch Wi mdébeedebhhbi Ng
treatment is perfornmed to formsmall dianeter holes, nost of such hol es
have a dthretgh af 8sSotdaled mmbstaarecmoartd bitheraid ess tlie
technol ogy during recent years, a further inproved drilling 20 treatnent
has béconmeupbasesl efwhnokrcaopoeir Ifoidl davemda.ng a diameter of 0.15 to
0.25 mm In addition, another drilling treatnment has been considered which
-~ enpl oys a carbite @rder to form hbeesmafdyidigme t¢iramsilers gfuch lag otlge 05 mm
However, this drilling 25 treatnent has been found to have many probl ens
whi ch haveh¥euabehedefnpedl VprdongediaFrdolesand conmantionaledne thaedch a

drilling treatment have only a short useful life, and there 2
is to perform mechanical drilling on a printed wiring board

so as to form a plurality of small diameter holes. With the
10 use of such a drilling treatment, a plurality of printed
wiring boards 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 wth which electronic
devi ces and electric appar atus have 5 become nore conpact and | i ghtwei ght
has been high. As a result, the present situation requires a nore
remarkabl e progress in the drilling technique. Consequently, a |aser
processi ng techni que has been put into practical use to form snal

di anet er ;aoées%orh@vwgnaeél et gk QBanJ.-. rmﬂl%rh SJSQMOGJ bel%alsrhty c&¢@SEyWher e

a laser processing technique is used formsnmall dianmeter hHoles in a
printed fFingidgard, initial |rrad|at|on usi ng Iaser light is allowed to
start froma resin substrate (first type |laser abrasion), or is permtted

to start from tdie the fe€repfhan8pppar thei breBieah *arwelt!, ltdleersdircpne a
desired circuit (second type |laser abrasion). At this tinme, since the
surface ofith cppeti éDéttrbascadeetitaisnahd lellieanted cArggdrax ahdve
property of reflecting |laser light, the second type |aser abrasion is

di ffi 6ul theBnd Mmdret compacs ahdnitighrpedghll @aliso bpenf trigt.heaabave second
type | aser abrasion on the surface of a copper foil having a certain
brilliancees\Het e, thdepfasenthalitnatdppereqghdiriesr ef megtes degrearkdblght wi | |
cause a decrease in the initial laser |ight absorbing efficiency. As a
resul t, tARCITESSpERdthe doihlhpot hecledianed hepeseanenthbe, unddsiseabl y
reduced thus |lowering the production efficiency. For this reason, in the
case wheRFIIRSHINA et AehRighedhagchagnt ppé into practical use to form

small diameter holes having a diameter of 0.1 mm or smaller.

10 In the case where a laser processing technique is used
to form small diameter holes in a printed wiring board,
initial irradiation using laser light is allowed to start
from a resin substrate (first type laser abrasion), or is
permitted to start from the surface of a copper foil which

15 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

25 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



3 .laser abrasion is carried out to formthe desired holes, it 1is
necessary to first performan etching treatnent to renove an externa
copper layer froman area in which the holes are to be fornmed. In fact,
this is the conformal mask nethod 5 which has already been well-known. In

t he above nentioned etching treatnent, it is necessary to apply an etching
resist. However, since it has been difficult to control the precision of

the resisias@pphbeakiof, ikt chagikeeBud 3@ dddd Wd de&s Bsengoégh 10
precision of the etching position in an area where holes are to be for nmed.

As a resuld,nébesgavl! kobeizsROPlelrifeial andH iy dxalavrdhd ang Péfove
portions form ng contact points of an inner copper foil circuit and via

hol es to &¢ éotaefaldubppert haykasEroabaasiatiea lih aiiarh tthe AdyEet hh e
probl em 15 such a positional deviation has been taken into account so

t hat the tarise pfdrpedti ons Hicthethbaeisceppekoh@blrmaillr Gdisk mRthdegual |y
designed to have a relatively large. size. This, however, is extrenely
unf avor abéei ¢brhamkahgeadyi been weppeknofwmi.l circuit having a fine
structure. 20 Furthernore, different sorts of lasers will of course
exhibit differein theecaboveamenhipaefloetrehday duweiatgenite iholiss f or mati on
process. Nanely, although using YAG laser w Il not cause any problemin
treati ng REeDPPRFY { bP| aPRYEr an gschdng cesict -di Brwawew: | simglee it has
difficult to treat the 25 copper foil, rendering it inpossible to ensure a
stabl e hdteen &t it FohtpEBcesatred Fhewpseciifiion afertdehkeeeth a demand

application, it has been also difficult to ensure high

10 precision of the etching position in an area where holes are
to be formed. As a result, there will be a positional
deviation between land pad portions forming contact points
of an inner copper foil circuit and via holes to be formed
during the laser abrasion. 1In ordef to solve this problem,

15 such a positional deviation has been taken into account so
that the land pad portions of the inner coppef 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



for, dewel opi ng an i nproved nethod of manufacturing a printed 4 wring
board, which nethod does not involve an etching treatnment for treating
copper foil, but is capable of sinultaneously stabilizing both a copper
foil and a resin layer, and thus treating themusing a carbon dioxide
| aser. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic cross
sectional view showing a copper clad lamnate. Fig. 2 is a photograph

taken thrpugihg alb OSP4 ] C@h 1 8h ChOERBRCaoelOWLRY iR vo1Q%S LG AY the copper
10 clad lamnate. Fig. 3 is a graph showing a relationship between the

reflectance Pind@sefot | OPba8fgt BEpHAYIRBETS Bt 3 NMafarAle Yy face. Fig. 4
is a schematic cross sectional view showi ng an el ectrodeposited copper

foil WthiiTtfheoudi@PSstdbibizing8baRd 9 2bppeeh &MLl GrAKR ALY Vi ews
15 showing a flow chart for manufacturing a printed wiring board. SUMVARY
CF THE | N\dghelt ONarldn shesv ©fehbengbedem tB&ngh4ela@bnofdildia g asyydr 20
invention, as a result of hard and diligent researches, have acconplished
an inbention which is an inproved method for manufacturing a printed

Wi ring board, which nmethod does not involve using the above nentioned
conformal mask net hod BRIER ORSARIPTIOPDEF {THE , DRAWINGS capabl e of

simul taneously 25 treating both a copper foil and a resin layer by using a
carbon di oxi de Hisserl .id ra t$ehémit oo pgossheeptdonal view showing a

copper clad laminate. Fig. 2 is a photograph taken through
an optical microscope, showing a cross section of the copper

10 clad laminate. Fig. 3 is a graph showing a relaﬁionship
between the reflectance of laser light an& the roughness of
a material surface. Fig. 4 is a schematic cross sectional
view showing an electrodeposited copper foil with carrier.
Figs. 5, 6, 7, 8 and 9 are schematic explanatory views

15 showing a flow chart for manufacturing a printed wiring

board.

SUMMARY OF THE INVENTION
In view of the above, the invenfors 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.



i nyenti-on will be described in nore detail. - 5 An invention recited in
claim1l is a nethod for manufacturing a printed wiring board, wherein a
carbon dioxjde laser is used to formrecess portions such as via holes in
a copper clad lam nate, followed by plating to form5 interlayer electrica
connection, formng etching resist |ayers, and exposing and devel oping the
etching resist layers, thereby effecting a circuit etching treatnent,

characterized inth@behPEorOPBEE tekiadnl JTANH 9 1S & I & dor med by
usi ng waved copper foils to form external copper 10 foils. The feature of

this invefdh@Pagkisifigi B bREneeRPH riGlgd®hdadd N redtf h a£PPer cl ad

| am nate has external copper foil layers forned by using copper foils each
having adiewedéi kesehape Gee@okbugairad re@fds) ottt i¥hs HieeWay® dpal i ke
shape, if defined nore correctly, is showmn in Fig. 1 which is a schematic
cross sechobesl ini @weshpairnglihle 1aapparte,clfad ladaiye.p NaEl &/, td heo bl K

copper |l ayers of the copper foil layers are fornmed in a corrugated
confiéuraimmeliyeuse19cEvénauveoha¢emiba,fdmmminy1aruhfngffﬁxiiﬁ_each 20
copper foil, or both surfaces of each copper foil my be forned with rust

preventi vieayeyer sandeprpnds iggupod detvedlopimgedds tetchHoweversist t he

acconpanyi ng drawi ngs serving as schematic views attached to the present

speci fi cat3vRrs sueherebyt effectangve kcayend taed adviing ddreatiment, i s a

phot ograph 25 showi ng an actual cross section of an external copper foi
characterized in that the copper clad laminate is a laminate
formed by using waved copper foils to form external copper

10 foils.

The feature of this invention exists in the copper
clad laminate. Such a copper clad laminate has external
copper foil layers formed by using copper foils each having
a wave-like shape or corrugated configuration. The wave-

15 like 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.



of a copper clad |am nate used in the present invention, which cross
section was viewed through an optical mcroscope. 6 The copper foil |ayer
shown in Fig. 2 is viewed in a manner different fromthat of the schematic
view of Fig. 1 because both the bulk copper |ayers and the fine copper
particles are all made of copper material. Therefore, interfaces 5 between
the copper |ayers and the copper particles are not clear, so that the

wave- | i kerghapspfrt Bg1 DULKyEOPRELWNAYS FigLaMNals RE Sl SeRinhd t he
phot ograph. Wth regard to the printed wiring board manufacturing nethod

accordi ngqiprdRen Or £66RAL thAYEBE @Re Slchemalthe RAlds oflGr iy & f a®guby using
a carbon dioxide laser, it is necessary to take into account the

i rradi atisgtEore tholE wopPewSiagerishanganhen AinXidpdasgareieiéde copper
foils nust be able to keep the shape of the waved bul k copper layers. In
view of die sall headepper cbppes matewsali.n ThexreF@yeer idltadk flicddaam nate in
the present invention have to be so forned that the thickness of each bul k
| ayer b s HStween tlescopperrdaybed andclthiemcdppeder arthe I'ddiakaasst does
not mean a thickness val ue nmeasured by a conmon gauge, but neans a

nom nal tdledknessowbhah tBecwamenlykesstiape odaltieg bailtkh corie colbesr$ Oi |
and is obtained by converting an area weight. In particular, with regard
to the coOpprnof ¢ scieabty aaAnf ant thedprbptagrapdct rol ytic nethod, the
shape of the waves are required to be maintained properly in order to

achi eve a rougHheds Fegrmedreei thel PRiBF&PN3ripgr bRexrd manufacturing

method according to the present invention, since the holes

10 are formed by using a carbon dioxide laser, it is necessary
to take into account the irradiation conditions when using
the carbon dioxide laser, and the 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 1laminate in the present invention have to be so formed that
the thickness of each bulk layer is 18 Um or less, 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



25,al though there is not any limtation to the lower limt of the

t hi ckness of the bul k copper |ayer, such a thickness nay be about 1 mso
as to ensure uniformty and stability of - 7 precipitation when each bul k
copper layer is formed by using the electrolytic nmethod and to ensure high
productivity and other desired efficiencies. By formng the external

copper foil layers each having 5 the above described wave-1li ke shape, it

i's possibhpelPpitgdu6R LHen' hLACHANGE pddie 1A 1d FYrmd®rGy LEHHG NI

the reflectance of the laser |ight nmeans an increase in the efTiclenCy of

obt ai ni ngrkead1 £OEFIYyEE eMbREoLASHE ltidins RS i dH P diflcd Oy ORI ¥2g the
ef fect obtainable by 10 using the copper clad | am nate havi ng waved

external cowperdeéorka, eargeaphciesprepared and is shown in Fig. 3, which

i ndicates a relationship between the surface roughness of the copper foils
and the refl ecteynceonhihfiethasextbirghll. cBpbpelrhifeilli MRy ere camMlitdwivsg f or
the carbon dioxide laser 15 irradiation may be set so that the frequency is
1000 Kz, the aboe& deacetibedi #avellike tshapeyl Sa iisdtdodsik sas, the

pul se energy is 16.0 mJ, the offset is 0.8, and the dianeter of the |aser
beam i s 1véduge t tize ebgftastinnng blfe ther imisiean 1igththol eref, reduaniing vari ous
copper clad |lam nates fornmed 20 by using copper foils of different

t hi cknesstte Byfkectange ofethsl desemeldyhdt me@nG mh iincrieasgmwsion btkefor a
| ower energy to easily exhibit a workability difference when formng the
hol es usitffecierer Pfgpbtatnépef bpet emergy from the laser light.

Here, in order to analyze the effect obtainable by

10 using the copper clad laminate having waved external copper
foils, a graph is prepared and is shown in Fig. 3, which
indicates a relationship between the surface roughness of
the copper foils and the reflectance of the laser light. At
this time, the conditions for the carbon dioxide laser

15 irradiation may be set so that the frequency is 1000 Hz, the
mask diameter is 5.0 mm, the pulse width is 60 Hsec, the
pulse energy is 16.0 mJ, the offset is 0.8, and the diameter
of the laser beam is 140 Um, thereby ensuring the formation
of holes of 110 Mm 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 HMHm, the result of the

laser abrasion may be considered acceptable.



I nventors of the present invention have provided a judgenent 25 standard
prescribing that if holes after |aser abrasion have a dianeter in a range
of 100 to 110 m the result of the |aser abrasion may be consi dered
acceptable. - 8 The surface roughness at this tinme is defined by using a
matte side of an el ectrodeposited copper foil and then changing the
roughness thereof. As may be clearly wunderstood fromFig. 3, a higher

val ue of the suy OF 0hhe ) aff tR1i€0 ; Qi :
(Taht to have B o oY PRORIn L B ok 1 CORRRE (S S RIS

surface, a n?dﬂtf@cé?ich'@véf‘gaﬂ'oé@e@f:rbééﬁoﬁliggﬁdco?ﬁ'étrj 31 A fafdd ve for
I ncreasing the absorption efficiency of laser [ight, thereby making it

easy to lhddyifasend heotgRpesat bherebsan RS edaPebadcibhadi,ated by the
| aser light. This is because if a surface has rugged portions, |aser |ight

Wi |1 prodiiemtddd egibmarrigf | 8¢t A0Righeravauukablfe text einfadeer eby maki ng
It possible to increase the efficiency in using the laser light. 15. In
addi t bon,reagghreys be(rRandes 8t @odoppem Ebfl danwkanset haseuw fldedtd atghness Rz
is larger than 20 m the reflectance of the laser light will be increased.
Thi s can haywe cornixower exe fllectantbe Wanely arwkémctonpepedi weédhcapper foil
I n a roughness neasurenent. In particular, the shape 20 of a matte side of
an el ect rsogeidsiswfaopper $orfare havangr ngyedost deesi melagdidng
mount ai n-1i ke portions, so that a result will be that the rougher the
matte si d@,rqim;pq a#sg@ffective for increasing the absorption
efficiency of laser light, thereby making it easy to
10 increase the temperature of an area being irradiated by the
laser light. This is because if a surface has rugged
portions, laser light will produce an irregular reflection
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 Hm, 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. In 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



the size of each nountain-like portion. In such a case, the roughness
nmeasurenent i s conducted to neasure only a surface 25 having a | arge
roughness. However, in order to mnimze the reflectance of the |aser
light, it can be considered that a suitable irregularity range exists. For
exanple, there is a - 9 roughness which is equal to the wavel ength of the
laser light, and such a roughness is said to be the nost effective for

m ni m zi ngohgrnéSE! GREBACE SOk GG It%s%rhel Wahle1 sl ROV e i d oped suitable
irregularity range is as 5 recited in claim3 which prescribes that the

surface 1DggNEsHa(BRarnoh #00AKAd sGORREIs A ltd DM dHl Mds ¢ AP Ofive- 0 O
20.0 Am If the surface roughness is less than the lower |imt of 2.0 m
it will beoinpDsshbEEngothepreYe elciancanideahind thasden iuging | aser light to

formholes in a copper 10 foil layer. On the other hand, if the surface
roughness is |Ehgeibéhanm@fitDofeddeuétiabnat iareyullladiagi rdmyecidiragn the
wor kabi lity when laser light is used to formholes in a copper foil |ayer.

Wien the mevide@xierahhinoppehitbi bsessedbes tthat Fhecoppefacd ad | ami nate
in the present invention are irradiation with laser light, it is

consi der ecbudizne s he(Rzkenpér at wawewdi icloppiege fioddt irsapiidihin ra trende onf
portions (tops of nountain-like portions) of waved areas. This is simlar
to the f3ibvng dhendmencit tNeeresyrfacei so@@hgener akl yessnshder ethet hat

when a material having both nountain-like portions and flat portions are
i ntroducekPwex olimit of 2.0 Hm, it will be impossible to improve the

workability when using laser light to form holes in a copper

10 foil layer. On the other hand, if the surface roughness is
larger than 20.0 Um, deterioration will begin to occur in
the workability when laser light is used to form holes in a
copper foil laYer.

When the waved external copper foils used in the

15 copper clad laminate in the present invention 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



a certain high tenperature atnosphere, the tenperature rise in the

mount ai n- | i'ke portions will be 6 times as fast as the tenperature rise in

the flat portions. As a result, with 25 the start of the |aser |ight

. irradiation, the tenperature wll be increased suddenly and rapidly in the
.front portions of waved areas. \Wen conpared with the case in which | aser

- 10 light is caused to irradiate a flat snpboth surface, the tenperature

in the wavegh@r £8sc§@dBe8ashl ¥ rahlikR edla tfh%t heidd ey i fdcof Gopper. thus
causi ng the copper to be evaporated. In this way, since the copper

materi al ©dmpéea busoppar thei haby Beedasidan Ve 41 usd ok tige car bon
dioxide laser, it is possible to easily formholes in the resin substrate,

t hereby rsswiEindigpbinpossi bbppee,athaisn clae indbjted Hppdie 1y asent

i nvention. Furthernore, since each external copper foil of the 10 copper
clad | amendporstedde imtthis weaed sOnéégunat co6ppeirt maite rpalsioF aHe

I nprove the adhesion of an etching resist when the etching resist layer is
directl y dapmed Hoil heaycbppensfidyl removgedndivalus imgdrthe idawtomat i ng and a
liquid resist are used to forman etching resist |ayer. However, 15 as a
pretreat nbimxide laseornhtl §snpocesshiy to easdiylyoftoram hirdsacien ttleat ment to
properly make the surface of a copper foil rough by virtue of chemical or
physi cal TRtinhswHgstrate; sthereh¥cesadeying ddr tospidde dichat tak acle

adjusting treatment. 20 Usually, after formng the etching resist |ayer
and object of the present invention.

Furthermore, since each external copper foil of the

10 copper clad laminate is made into a waved configuration, it
is possible to improve the adhesion of an etching resist
when the etching resist layer is directly formed 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-



when the etching circuit pattern is exposed and then devel oped, there wll

be a phenonenon that the linearity of ~circuit edges will be damaged due to
exposure problenms. However, if an appropriate irregularity is formed on
the 25 surface of the external copper foils, like that in the copper clad

| am nate used in the present invention, exposure problens can be reduced
and the linearity of an etching - 11 treated circuit can be effectively

i ncreasedsréHes&bYi rphQV¥i BAnt Beb@ rPEItERILY, qfﬂ‘&fédé/éal nfOrdByg a fine
pitch circuit. In fact, the present invention is so forned that after 5

t he coppesrévaslg! asi pat ext&eﬂi&myf 2Etrecad, vehQlre s i dPrdreglind Npi b&nl am nat e
by using laser light, followed by a plating treatnent to forman

interl ayesiedertri cal connection. Subsequently, the above material is
treated in a usual etching process, so as to be used for manufacturing a
10 printed wiriny baard. tkerprhsentedanorntioncdsi tso Torated NARASSHf tet O
prelimnarily in advance renove copper foil from areas being irradi ated
with a | asee ¢opher chhikamheateonsomamlu frrsiomet,hdhldd drse pheshéde to
effectively reduce the production cost for manufacturing a printed wring
board. 15inMhere nhaminater bruguaiogppeses! ddghdm fatld dwed Use a4 rplatiengr esent
i nvention, it is extrenely favorable to enploy an el ectrodeposited copper
f0|I\Mth%FQﬁW??ErtOIﬁOrﬁaﬁﬂléGF&FlaV?rl§1ﬁﬂéﬂ@9ﬂ&jqqnnﬁﬁ$¥9n

electrod%£05|ted copper_ foil as a carrier foil, (frOVIde a copper foi
bsequently, the above material is treate 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. In 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



20 layer which in turn fornms an external copper |ayer of the copper clad

| am nate on the matte side of the copper foil, as shown in Fig. 4. In this
way, the bulk |ayer of each electrodeposited copper foil will becone into
a state in which the rugged shape of the carrier foil has been 25
transferred to the bul k copper, thereby efficiently producing the desired
corrugated configuration. Further, since a copper clad |lamnate is

| ami nat ed, ooh 19 @ PEERECE0i1 1A mWghid fActRing, fttld ddrApd@cturing, the
corrugated <configuration is not collapsed during a pressing treatnent,

thereby ensyfidgrsPeohol BBhbeN el 13 pseldl A iRV IS 1B s PP+ &a tRd AL ai ned
rugged configuration. Here, so long a 5 copper foil is an el ectrodeposited

copper foileMBy énsGAihfCEhet BBRAItS o0 dfi H lalrifAitd hdvigid 4 ypes. In
other word, it is possible to use-an etchable type capable of etching and
t hus novipwppdelgansirtaineld euggepeebaltligutrapd oncapakire,ofsopaenigha and
thus renoving the carrier foil. 10 The printed wiring board manufacturing
met hod r edpmwehr foirl AsnanleflecBrbdepbedrtedr avserorse iaf fueicti i@ t han t he
conventional conforml nask nmethod, because the nethod of the present
I nventi orcasridt o thheeéf st nvellymi¢cdtident te thetial togsts .f oXnmandleact uri ng a
printed wiring board by using 15 a carbon di oxide | aser and at the sane
tine to eexidy forhsaposshklpi tohuser eni et chRELERRYD eEMBERILVENT OF THE
PRESENT I NVENTION 1In the follomﬁng, a preferred enbodi ment of the

etching and thus moving the carrier foil or a peelable type

capable of peeling and thus removing the carrier foil.

10 The printed wiring board manufacturing method recited

in claims 1 to 3 has been proved more effective than the

conventional conformal mask method, because the method of

the present invention is able to effectively reduce the

total cost for manufacturing a printed wiring board by using

15 a carbon dioxide laser and at the same time to easily form a

fine pitch circuit.

PREFE&RED EMBODIMENT OF THE PRESENT INVENTION
In the following, a preferred embodiment of the
20 present invention will be described in more detail 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



20 present invention will be described in nore detail to explain a nethod
for manufacturing a printed wring board, with reference to Figs. 4 to 9
whi ch are schematic cross sectional views showi ng a copper clad | am nate
1. However, a hole formng test using laser |light was conducted by 25
virtue of a | ow pul se energy of 16 mJ, in order that sonme advantages and
di sadvant ages of the hole formation process wusing |laser light can be

clearly %&i@@f’on"@&ﬁdﬂ:@éﬁ% érel @.fé@:dls%fclhorthfa@deﬂé Oﬂse&i’f‘ér?c,a%éuch
that the frequency was 1000 Hz, the nask dianmeter was 5 e pul se

wi dth vasio69 #2¢. thoenBYkSa1BREEEY Was 56.00 ). e mffsety s, 0,85  and
the | aser beam di aneter was 140 m thus ensuring the 5 formati on of hol es

each havigw jas&k Aneher Qisélgng‘rbg whe 160pPal,Ccltad |AENAL QasTherefore, as
a qualification standard, when the holes forned during the |aser abr asi on

had a di adved ethéli BdsébUbbaR ERaRetaRd@alkl Aol 0@, Mch@isl Kb dBriddecndiventors
of the present invention could determne that 10 the result of |aser

abrasibon fesmacieptabl Rolés thenphaseny andadmerelr, dhea opperic! ke
lam nate 1 was made of el ectrodeposited copper foils 2 with carrier,
prepregs precorkadnlaninbtd.seThéngfase anasnaequbhdyédcaalibn of which were
| am nated together in a manner shown in Fig. 15 5(a). Then, a hot pressing
was carristrndardo ei¢rcthe hdéspr Edrfmednduirdng Afheerl aser Rdirgmiewsi ng, '
carrier foils 5 were renoved, thereby obtaining a copper clad |lam nate 1
shown i n1@¢.asigmeter distribution in a range from 100 Hm to 110 Hm,
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 between 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



Here, the el ectrodeposited copper foil 2 with carrier 20 includes a

peel abl e type material which can be used by renoving the carrier foil 5.
In fact, the el ectrodeposited copper foil 2 with carrier is conprised of
the carrier foils 5, copper foil layers C, and conbining interface |ayers
F. Each conbining interface |layer F |ocated on an interface 25 between a
carrier 5 and a copper layer Cis an organic agent forned by carboxybenzo

triazol e {phikdu@opPecshpolypatefienesd st @nds aCBIAK R¥HbOPPRfed ayer Cis
conprised of - 14 an anount of copper particles B and a bul k ‘copper | ayer

6 servVi ngBsing CONUACESRANBELEOBoYREBNA wheRd Al @iEidaad 1Gliddl teitduiOr med.
Once the carrier foils 5 were peeled off, the bulk 5 copper |ayers 6 forned
by waved ioppermd®i | s appeared on the surfaces of the copper clad

| am nate. At this step, a carbon dioxide |aser 7 was used to carry out a
hol e formati oromreoctss desindet ageilki ghiverédhpBelthleosigpenef bragsh via
hole 8 was fornmed in a manner shown in Fig. 6(c). 10 After formng the
shapebof eagewvikaysts 6, farmédehyneavedasooaeri €didut appdarad ah the
interlayer electrical connection in a manner shown in Fig. 7(d). In fact,
the treatumfcdsrof orimé ngopberi nladl apmineltect rAtathisnneebi,0oa was
carried out by performng an el ectrol ess copper plating 15 so as to forma
copper | #Abam\dirride hlakeres?d wasiused2tm cakralyl owed abjhode el ectrol ytic

copper plating to forma copper |ayer 9 having a thickness of 10 m An
electrolé§$qiﬁkﬂﬂ 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 foiming 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 Um,
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,
20 0.12 mol/l1 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



pl ating solution actually used was a commonly utilized solution including
0.06 nol /1 of copper sulfate pentahydrate, 20 0.12 nol/| of EDTA 4Na, 0.5
nmol /1 of HCHO, 10 ng/l of 2,2'- dipyridyl, 250 ng/l of PEGLO00, with a pH
of 12.5 and a tenperature of 700C. The el ectrol ess copper plating was
performed in a short tine. After the el ectrol ess copper plating was

conpl eted, an electrolytic plating was performed 25 using a copper sulfate

sol ution copt&hpi 88nkieg aukfusi 6 /e dtﬁéﬁebgl é%ta@qlﬁgpae&:o%‘%zg/ 1),
under a level plating condition in which the plating tenperature was 450C

and the 14§5rcyrﬁgogngegshhycwags%So&/qnﬂ¢m¢hereby obtai ning a copper
| ayer 9 having a thickness of 10 m Subsequently, rinsing and a drying

treat nent were sewdegeértly Anrihkingi ahat asaklyiing dreatrahtvase dam nat ed on
5 to the surface of each bul k copper layer 6 having a copper |ayer 9 forned
t her eon, ¢dededyedbt Amivnbtedehohgtreetsingl dyer §ila wasa lagwim@rtesh@an i N
Fig. 7 (e) . Then, patterning filns were attached to the etching resist

| ayer$ 10to thé | swefater of by chnbei o swpeetr daymsnté dreds idwera hyoppdDd

devel opnment treatnent, thereby retaining the etching resist Ilayers 10 only
in areas bmvmhi%hfgreeétehﬁrﬁed,ctheubby whrta intigdo e Hfadrimen, re si st manner
shown in Fig. 8(f% Afterwards, a cupric chloride etchant was used to
carry outlawe®s chy ngnt 2 cBRABAF, shRenety Fdoni Adedi-r cHhes i pag temmiarg shown
in Fig 15 8(g). Finally, as shown in Fig. 9(h), a treatnment for renoving
t he etch|ﬁ1’gll?%s‘f%¥elé§1§?§hié f#er §heogdcdiag wesist 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



using.a sodi um hydroxi de solution, so as to wet renove the hardened
etching resist layers 10, thus producing a printed wring board 11. 20

Ef fect of the Invention Wth the use of the nethod for nmanufacturing a
printed wring board according to the present invention, it has becone
possible to performa hole formation process using 25 laser light which is
said to be difficult in the prior art, by virtue of irradiation using a

carbon dipgxhde Laseh. s@bstakl.asThyr¥EbtEe gbishMihbapeqyus enRv@nPf a
copper foil - 16 and a resin substrate. Therefore, using the printed

wiring hoedfa nmanhast bk DEgMRERAS A0k L R eP RSN d NYRAIA©Obn, CONventi onal
et chi ng process can be enployed, w thout having to peel off In advance the
copper faidsvéhOidratastvhifl prece skl eanebebymd sy, wittHou SUedv fng
peeling is otherwi se necessary in a conventional conforml nethod.

Ther ef or e;o ifee hast betnnadpassebkiet @oppeat Ify ineduraadnt herenstwh Deh egpé pnent
investnment, as well as the total cost for manufacturing a printed wring
boardp t heredbyedrioyi @i hgséhelhghket Suth dOpkelkngpiscetheasices. 17

CLAIM5 1. A nethod for manufacturing a printed wiring board, conprising

t he stepsnedessarngim carbovedidrndéd kasdormals meghmnd.cssreforte onst such

as via holes in a copper clad
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.

17 -



| am nate; plating said copper clad |lamnate to form interlayer electrical

connections formng etching resist |ayers; and exposing and devel opi ng the
etching resist layers, thereby effecting a circuit etching treatnent,
wherein the copper clad lanmnate is a |lam nate fornmed by using waved
copper foils to formexternal copper foils. 2. A nethod for manufacturing

a printed wiring board

according to claim1l, wherein each waved copper
foil for use 15 in form ng the exterpgahiyapper foils of the copper clad

10

| am nate includes a bul k copper layer formng a conductor <circuit of the

printed wring board, an amount of fine
adhesi on strength between the bul k copper |ayer and a resin substrate,

a rust 2Q preveritheal |fyremarbef e but kn§ oppsF i hey8r whayhggnaatk-ai,ckness

18 m or

accordi ngdmprising lthevheteps eschuefingha wavrednc@ipsri dilaserdas a

| ess. 3. A nethod for manufacturing a printed wiring board

surfage roughness (Rz) of 2.0 to 200 m - 18

10

20

25

form recess portions such as via holes in a copper clad
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,
wherein the copper clad laminate is a laminate formed by

using waved copper foils to form external copper foiis.

2. A method for manufacturing a printed wiring board
according to claim 1, wherein each waved copper foil for use
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
preventive layer, said bulk copper layer having a thickness

of 18 HUHm or less.

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

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

copper particles for ensuring an

and
of



