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rranuf acturing-a nmultil ayﬂm“‘ﬂm ” j rcuit board and conposite foil for use
therein The present inve ly relates to the manufacturing of a

mul tilayer printed circuit bw@o®*and to a conposite foil rein.
The devel oﬁﬁ@ﬂ?’”@?o very conpact and powerful electronic degﬁs%lg?“%f?%% been

possi bl e thanks to high-density printedlcircuit boards (PCB), obtained by 5
sequential build-up (SBU) technology. Basically, a build-up nultilayer
circuit is a conbination of several superi rrposed Iayers of different wiring
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Nowadays) essentially threggth inf@fonef@prlpé@ghgﬁeme avai |l abl e for t he
manu 10 facture of mcrovias: (1) the photochem cal etching of

phot odi el ectrics; (2) the plasma etching process; and (3) the still
rel atively new process of laser drilling. Laser drilling seems to be the

nost prom sin technolo for the roductlo of mc¢rovias. Exciner, Nd-YAG
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each of theﬁmqtéa%%wssyéﬁa%oetbld éon%’o%ltbtfﬁll ﬁ:‘?%bfthér ff,awl5 backs. Excimer

| asers are not considered economcally viable for |ndustr| al use. They have

a | ow abl at g deRbR, Pﬁerntraaﬂv%ey 26 bevsher oWeeﬁm b@é%hiﬁeﬂ'é\ﬁcéé‘haé‘ftfédﬁ
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char acte_ri Sﬂﬁihbﬂarﬁéte@@bﬁ?émallﬁbgs tHanMon rml nforced pol ynmer that is about
twenty tinmes as high as Exci mer or Nd YAG | asers. 25 However) if C02

| asers are md%}ag NesydanbaRAtHres dﬁ@rdﬁf&éeﬁmlagne%}e tabﬁiyamé forle mahtiabl e
f or copper renova nce an additi onal process Sste
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with the C0 rong thi's I'tiona , openings are etchéd in the
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t he confornma
156  backs. Excimer Iasers are not considered economically viable for industrial use.

They have a low ablation rate per pulse and involve high investments in safety
precautions, as excimer laser gases are extremely corrosive and highly toxic.
Nd-YAG lasers are successfully used for smaller and medium sized volumes of
high end products with microvias of diameters from 25 to about 75 um. Larger

20 holes must be produced by trepanning (i.e. by drilling multiple smaller holes),
which of course reduces drilling speeds considerably. CO; lasers are increas-
ingly gaining ground vis-a-vis the Nd-YAG laser for a large volume production of
microvias. They are characterised by an ablation rate in non-reinforced polymer
that is about twenty times as high as for Excimer or Nd-YAG lasers.

25 However, if CO; lasers are very much adapted for polymer ablation, they are
not suitable for copper removal. Hence, an additional process step, the manu-
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In order to avoid the above and other disadvantages of the confornmal mask
technol ogy, it has been suggested to use a twin |aser device for drilling
the 10 holes. Such a twin | aser device is a conbination of C02 | aser source,
with an IR solid-state laser. First, the opening in the copper foil is
carried out WR9%78Me solid state laser. The resin |ayer is HRERYVEAN ed
with the C02 laser. Such a twin laser allows microvia drilli ng i n copper
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t he anount_ of copper, to be vapori sed. a result, copper splashes are
created o th@ng'?%\éIF’ fa% a {YLPIRSPES SPREY he hole in the 5 dielectric material

is generally msshaped. If the . c er layer at the incidence point is

however 7 pm!t{RE Em@pgmwﬁ@o" r@'?fc%ﬁ\epmﬁawjé%%of gﬁmwfﬁaﬂﬁ'&n@sh the
di el ectric meheniRbifdteHing'astep ! AQhinmekin codledBBHESr fBll oMabbu Y8 MM filkt end
to the subjacent copper layer. Due to the disappointi ng results of the half

et chi ng net hoamimadged oadthe care peardgwith its coppercle upsideeAlferlaainatienathe ¢Bpper
cl added build J0 O i . . L NG+ COF ntly,
there is a stprl%'ncg gg? "ﬁ(%req%ﬁeg? %Wé&}r?gpg%w%@éﬁ@%rﬁ%g d(}r% I{Sﬁg‘rmggg Y
meﬁf aclt W20 ofiovar itd_ﬂhbﬁht? pmu!jrt thbowxdst)ﬁpy\kﬁecambk {ayer ﬁﬁ_ﬁérgb%ﬁfblﬁ&kbb)kiﬁélg_ of
| ual i1t m Crovil as. ccording. to t resent | ention, _this Qbject IS
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drilling of high-quality mcrovias, [ s used in the manu tacture of
printed circuiesirolsyetsThentkalt gichingt stemis pf cewse iesss eomplew, thanicondymadt i s
achi eved by ki i 1 L C i t he
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and a does not yet produce satisfying results. The poor results are due to the fact, that
etching the entire surface of e.g. a 600 mm x 500 mm printed circuit board is
neither a homogeneous, nor a precise operation. The most recent etching
30 agents and etching machines claim a tolerance of + 2 um. The thickness of a
copper foil etched down to a nominal thickness of 5 um may therefor vary from



back side coated with a resin; 25 c) lam nating said conposite foil with
the resin coat'ed back side on one side of said core board; d) renoving said
carrier foil fromsaid functional copper foil) in order to un cover said
front side of said functional copper foil; e) drilling holes through said
functional *6pYPETE0i|1 and said resin in order to 30 form MHRINERC WO
00/ 57680 PCT/ EP00102560 4 According to ar i nportant aspect of the present
invention, the functional copper foil of the conposite foil has a thickness
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agai nst resi s htisieded by au@posité il acuordiag toélaifmedcarrier, the functional
copper layer is consequently clean and free of any defects such as e.qg.
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of the fgRct iBYREIPRtRhErcUtRoard,camprses thefolowdng 1808 pr epar ati on favouring
t he absorption agf C02.1 aser Iié;;ht_. Such a surface prepara WO 00l 57680
PCT/ EP00/ 02560 3 Proyiding:3 cerepodidyyi de a front side having a particul ar

surface profile and roughness apnd/aqr. a col our favoyring the absorpti on of
Q02 laser |ight®) ProVIARg 8 SRRBEEHR StinFIAG HAcHERal SoRHeb ol MeURIBH 57 1 o
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e) drilling holes through said functional copper foil and said resin in order to

30 form microvias.



rel ease layer may renmain on the functional copper foil instead of the
carrier foil when renoving the carrier foil) and exhibit a particulaft
surface col our favouring 15 the absorption of C02 laser light. Such a kind
of rel ease | ayer haV|ng a dual function, may be a dark col oured conductlve
material | ay¥? %780 houl d al | ow copper el ectroplating to fdiHniKo2560

functional copper foil thereon) show a sl4rong adhesion to the functional

copper foil, and have a colour favouring the absorption of the |nfrared
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conposite fo use
may indent the surface, and against resin bleed-through. After removal of the

carrier, the functional copper layer is consequently clean and free of any defects
such as e.g. indentations, tears, cracks and wrinkles.

30 The functional copper foil is preferably obtained by electro-deposition. Advanta-
geously, the front side of the functional copper foil has received a surface
preparation favouring the absorption of CO, laser light. Such a surface prepara-



facturing of a nultilayer printed circuit board; and Fig.2: is a diagram
showi ng the process steps of the manufacturing of a 30 multilayer printed
circuit board. WO 00157680 PCT/ EPO0O/ 02560 The present nethod uses a
conposite foil 10, nore precisely a resin-coated carrier-nounted copper
foil for buwPdDAs8® nultilayer PCB. Figure 1 shows a ScannPRYEEPMAREGI0N

M croscope view of such a conposite foil% which will be |aminated on a core
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| ayer, and aféreﬁQ@?n bathod for S8 Lﬁéﬁt&n‘?ng[dﬁsrhﬂltll?% ?Hh{e‘ﬂdcnﬁﬂiﬁrbéafm ) Cede”t
one. This 15 way of processing ac I eves resi nous coatin

much easi er amidingad eselftsupportingl gamigr foik ipnglecakiy we coppier Soil twitie @ i‘lnsmaw ng

th hi gk f |
resi n 1 adlr s T gPder 19 rbacfiiedss Tader o 87 ok AL ERRaYial 5 bRl ot s
a pref erred %BHéuafb‘il hayiAg PretERBY & thidknBdh of le¥qhamn DRing tndét frfepably dpoar d
in accordance W th the present invention. The process starts in step Al

with the provision of a finished core board 20. The core board 20 shown in
Fig. 2 consists e.g. of a one-sided copper-cladded prepreg 19) where
circuit patterns 21 have already been etched into the copper clad. The
circuit patterns 21 are preferably surface treated by oxidation or 25
roughening, in order to achieve a higher bonding strength with the
subsequent overlying dielectric material. In step A2, a conposite foil 10,
obt ai ned as descri bed hereinbefore, is | am



hated on one side of the core board 20) wherein the resin coating 18 of the
conposite foil 10 faces the circuit patterns 21 on the core board 20. This
30 lam nation takes place in a hydraulic press and involves preferably
several cooling and heating cycles. During the |am nation step, the

pol ymer i sat Mehoosf7680he WO 001 57680 9 PCT/ EP00102360 B- st ad€d/EPAI2i¢fset t i ng
resin is conpleted. It shall be remarkedbthat a greater dielectric

t hi ckness can be obtained by placing an interlam nardielectric sheet

the I am nat 1 SROPCS F ek Surifn ReBRERA el hehouibf o bR RlerPE i, a7
t akes pl ace, havifg & faentGide faeingfthilrelédse@ iayet And bdlaeRSidd; andra fedirfteating
thin rel ease | ayer 14 remains bonded to

mechani cal |y peel d of f S

the 70 pm coBBé'Pe ack pide q}-g?q %5_‘9 ional SoPREY f %'ﬂ atom cal |y cl ean, honobgeneous
RU AL R LT R IR W R R
treat 10 ngnt graghar@lictefavbQridy m&orﬁt@nfdfmz RE&El rS@éHS%hrfé@@ ptebafa-
drilling. Th|s surface treatnent may consist int deposition of a bl ack

oxi de conver $iPBrinevkei eryried oyh byHermingca ﬁéHhPOleéfﬁﬁeﬁm five matemial Igyerck
oxi de conver % fﬁé ﬁ?é}taiﬁ ﬁ@%ﬁcﬁhaﬂ:ﬁbﬁér%ﬂ I8 fitsR SRibddfirhbht
uces ase

because it ection on t uncover ea copper suref ace
It will be urmﬁdhstmnpqsme mw@k foik iofi ¢he dnventiono thel Siaglo anolawgedreopnductivepl aced

by any | aser d V, xanpl e
2 brown oxi d& Bt RIREHRY, Eomiie B Bhak ARaEF Jrnfifes IHIT Bt et h
vi al h24 gm ?) boldiméntndite daek colopreel ]S:cﬁmidchﬁé matdridhlayee shay b?mﬁﬂsé?a dark as Ito
reach underlyi or. future interconnection of the functiona
copper foil X ‘Bg‘ﬁ%‘?g%@{rtcgﬁ ?WJU&HY?QP'ME’SE BY§h the 20 core board 20. It will
be appreciat that the S ar ille |rectl W th C02 | aser
Source i n ondt stalibe hGadhet B Pass fayRamaydstibe 6 Al Soiawe S pou e,
coating 18. Gﬂa?tehalsn%s:eﬁ quéréag @cﬁlﬂitlrfg' ahiual furichen ot freREasE & dhd\slifads

wavel engt h bet ween 9.4 uch infrared wave_| engths are not

wel | suited fROEPRBLRRfavdiring the) abﬁﬁrpﬂ% aof oCPOp Jasgralight; Hinek feropositey foit s
Speci 1| ¢ 18" iy Whéin ordpriSE B &ﬁn AL i e RPRGEr hlihg 4ol Ak hel ess

pi erced w t hout ficulties by aser e very t

copper | ayer functionaboepperifaih E(D@*Za Ira%ErCOﬁmg yit Gef%leal’ot}bgt pueh adelpasadayer, Over
90% of the I | I e I C
mat eri al , ?\Era de ?%b%dtlﬁnél&%&g\ggﬁ ?g?re%y t{ ve er%fg?ﬁeﬁ’érﬁ sﬁérgesul ts
in very hi gh talﬂtﬁtarertortheefsomeslde aﬁetheﬁonstmrahcbophetr éoilB@henrremwvinigy the
drilling spee%Tr foﬁemal ns to be said that material ablation with a C02

| aser is based on a photot hermal procerss |laser radiation is absorbed by

VO 00/ 57%0 j7&)dvantageou'sly. the back side of the functional copper foil has a bonding layer
thereon so as to improve its bond strength with the resin coating. Moreover, the
functional copper foil may be covered with a passivation layer, preferably
intermediate the bonding layer and the resin coating, in order to warrant the
stability of the back side.

25 The present invention will be more apparent from the following description of a
not limiting embodiment with reference to the attached drawings, wherein

Fig.1: is a cross-sectional S.E.M.-view of a composite foil used for the manu-
facturing of a multilayer printed circuit board; and
Fig.2: is a diagram showing the process steps of the manufacturing of a
30 multilayer printed circuit board.



PCT/ EPOO/ 02560 the material to be renoved, which is vaporised and driven
out of the interaction zone through a resulting overpressure. Once the

| ower target pad is uncovered, the laser radiation is al nost conpletely
reflected by this target pad and materi al rermval I's thereby stopped

aut onat i cal M0 00B7688xt, in step A6, through-holes 26 are neddiERISDISHO
drilled into the PCB. It shall be noted that this step is optional, as wll

be explained later. Step A7 is a conbi natlon of four sub-steps: - the PCB
is firstly ¢ P t
under goes a ::Ig‘rg}p te é@ﬁﬂ%d@{“ué’ése? q%ﬁl@ét"ti]% cé)}g\?%rgg'sgﬁggga &éted and a
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finally gal V@éthihateitl of arerebohrd. it @ompmefbuﬁﬂﬁétdmmﬁlé t:ﬁmar il 12 a
preferably 15 carrl ed out untllenge out e er 16' reaches e.

r a
t hi cknessSof ralgase layery t%ﬁ?pﬁé)fo'fﬂgpﬁﬂ‘?@r Qsip septing 18y Stgh, aWhI ch
has now a t higgkiiRifte ‘P&l lﬁrtﬁ’é Fés%h'o‘ftvl@sUWéedu%n?ﬁﬁH@ﬁctd?ln@rﬂééeés‘ésf orm circuit

patterns 28 on the outer surface. The Crcuit patterns™may be etched during

step A7 bef orget i3t prRessls lsirfil? 8 tﬁéaérbé%saé%oﬁ%dqﬁ“% BYoRieC FiRbla the

met hod subsequently finishing at the end of step A7. It should be noted
that step A4 70 pne.categrofiltiois pyodudes hiomon esiddmsed relestiyie hyocantingpus| t he

f F te foil h
Plnot: onal oS Aepqshich B igting HBRE ShMS et 8 Hap e snaiierpd 5
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surtace, enakdgriar Iﬁ?éﬁk'éﬂntr@ﬂécﬁby 9Re aaama@rn M@ybé?sfc aMh ‘ébB?erf giebesiyteon of
the C02 | aser beamis to obtain, urln%Ht e manufacturing of the conposite

foil, a non 30 & Birihet stenthe elease jayer 1He applisd tospnr serdaceref thesasderdellsed
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respect, the t si characteristics s repared In or
provi de dS&surThe eelpass idyer aﬁmasoagderwﬁsn ﬂmmssn@mMydthn drurof TEO2

| aser light. .The,. f nt sid under urt arati.on_so as
to form af 7 dHOCURL Sreaph i el SlekBdebtiien Shif aheseBse Totol Wil a acer
light. 5 Suchhrkhgss éﬁﬁet&r@ﬂ?@ﬁmomhé 8ldendr the anttiondl dopperfill fEcfadingtie
conprises for exanple the step of providing a thin |layer of dark col oured

el ectrical | y @Al 1\2e0ﬂtadé?qralna6w thpdranésidgsis qongeauently# wirror image of
el ect rodGDOS'ﬁab%ﬁa%s thtﬁgtdaﬁmlfom@n%cﬁ% 'cové/é@ rlmLH”'%eCFérléés? laPQf hqapd the

rel ease | ayer are peele | ayer col oure ectrlcally
conduct i &9 rrafO&fPW%llth%tcﬁcélﬂgstt tb\etsﬁ@lcmr@rqf tl@,ﬁe @érfaﬁe chinelaarrieniedt 12owaichcispper

foil and ther@&;\érﬁd Ql‘ftkwqﬁ;é:] r@egé’é }%(X%Pllﬁ"érngglekqg‘?)‘}o zg? LHa?thur @ur&'c@ﬁnrotﬂ& will

be noted that suc ayer dark col ou tric Iy con rve
mat eri al nustardrsighness tmsaldétoeasldel ofytbe furatiboal acopppefoilel G dtheogtheat sidg t o

fune t1onal copharndRReronsd fol 15 EiMnafl Vg e BRAFHATINTE el ud."

f avoglr : ng t heTBlS mmuqnh ugdergbes bserm b&cleeinlca?hgd efec&olﬂﬁémicglsmleatms d:als,
it w t hat suc a ark col ou ele a
conduct i % e @ |"ﬂﬁ cf?é-ﬂ'?ep?%{pe fﬂegt EC&P ei/cgq:résglg% IS AS Pgréqefstrgﬁgt%o E’ourge

that of regard to the resin coating and stability with regard to corrosion. Hence a

bonding layer, obtained by electrodeposition of copper nodules, is formed on
the back side of the functional copper. Then a passivation layer is applied over
the bonding layer. It may be noted that a passivation layer may also be applied

30 overthe exposed side of the carrier foil 12, i.e. not bearing the release layer 14,
in order to avoid the formation of a “blue oxidation frame” duﬁng PCB manu-
facturing, e.g. in a press.



the surface preparation favouring the absorption of C02 |aser light. Thus)
the conposite foil would conprise a carrier foil, a release |ayer of dark
coloured 20 i electrically conductive naterial, a functional copper foil
and a resin coating. It is clear that the release | ayer should then
necessary r&R9%5768 the front side of the functional copperPCTEPPO/RAE
peeling off the carrier foil. A first cabdi date for form ng such a dark
coloured electrically conductive material |ayer is carbon. A substantially

continuous | gy fBﬁovﬁ ?ﬁb&@”tq@%&%&ﬁb?gﬂggr for -&aqgoqqu ' géé’d‘m gar bon

deposi tion nmay conpr i s i cat'l on qui d car i spersion to
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the carbon particles can be treated with particular dyes articul ar
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conposi t COQ ‘éé it 8 dé p{‘ﬁéﬁ‘n@& tfuﬁ“acﬁvyads?é‘@{rc 0@95@? in gblad%% E\(é""ufuthor%atﬁ\ de

pr epar ed aser ere ck carrier foil
made of coppand céolaﬂycyd&sm rel ease | ayer was conventi onal ly (as descri bed
in US 3,998, 601) el ectrodeposited on one side of the carrier foil. 10 Then,
as expl ai nedTabaesinoas tbating( ISmay atsr) ¢ompr’w€utv\m samdrmmmseddayetsnong ﬁmr bon

bl ack dl d | | ||
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60 to 65 gll t?é % f‘ d The current density was 11 Aldn2 and the
tenperature 0O ? ectropl'ating bath was 60C. Next) a 20 nodul ar

]E gf’f‘t \A”Z;‘t subL, e%li? % %s ereEhé? ég%ﬁ&d %Qﬁuf%tut R@ r?a%ts' Wé'mﬁﬂ%ﬁ&gﬁﬁ’{éd- Thi's

on a conventl ass- epoxy prepreg
( Dur aver 20 E- tirquif bmrdllsabepmi/end:@wmme{pmenﬁnﬂm@n) at 175C for 80 minutes
using a pressure of 20-25 bar. After cooling down to roomtenperature, the
carrier foil Theproceasstays pestepd1ofith thapravisios wf a finishedeconmboaid: 20. Tde a

bl ack 25 I id d
no fur ther _ipfebBis 28 s IR 2 CSgbis R, of G BRp il ol hdded! 1 ©
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ol ymers
oty overlying dielectric material.

In step A2, a composite foil 10, obtained as described hereinbefore, is lami-
nated on one side of the core board 20, wherein the resin coating 18 of the
composite foil 10 faces the circuit patterns 21 on the core board 20. This
30 lamination takes place in a hydraulic press and involves preferably several
cooling and heating cycles. During the lamination step, the polymerisation of the



that are electrically conductive. Such a nononer is preferably applied to
t he WO 001 57680 PCT/ EPOO/ 02560 13 surtace of the rel ease | ayer by a wet
process, i.e. in a liquid or aerosol form The nononer is thereafter

pol ynmeri sed, and the functional copper foil is subsequently deposited over
the pol ymerWod087680 |t will be understood that, when appli ed®CTEPPURS de of
the carrier foil, possibly covered with % release |ayer, that 5 wll be
facing the functional copper foil, the nononer can be part of a
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A7, and was therefore ternmed optional. |ndeed, the nmechanical through hole
drilling 25 Qmdhe fﬁmypneldconmﬁé@lhnﬁyTbﬁMach@xjde opheersinanclatinguwangntshe

very 1ast oo afimbnt 60, BB difln BRauYEf 8uudditaB AP aIERitn 3h ot P

A8 after a first run ‘?éthe act
mechani cal | ythérundoydrechecappehn shtfaee It will b;e ah@erstdodathetbimk oXide coneerionst run

doubl o- & Gectaiad SRt PereREEET beayTiasth HHyon Balsd Hid YoRGrdof Moalingr e
the formati osucH ad for eikampld abedwis ogigeicohverkionlddating. present descri ption,
the functional copper foil 16 was el ectrodeposited on the rel ease WO

00/ 57680 PCTStP0AS %Eﬁetsﬁﬁ dritting’ mig¥o blind hesdaarihto:mequhemell eepperciall 118
conducti ve rrat(e h a &e func {lonal 8 r foil could also li)e f or ned
e onentent 1 9nd ahg resfh Bvse 1A asi 18 Bien, iaBSTing SoRpsy Pade: i bilie once
Ifi%/er 0{ dar Iﬂt@r@bma@n@fm& fun@ﬁd)ﬂt\a{ c@tpﬁéhfet gﬂsena&heurt@un bawahs 2Artmmér

a er na ve, er n S Q S e orma

Funet | o+ gore Baare 2 vl Be anpesrintee Mhatahe Figiouia e srled direeth wih 2

conducti ve mgiehagdr doav® invériehstap Gveugh t@/ﬂnﬁﬁ&%%‘éppéﬂ%lltﬂ SiberRoesnt | y
grow the obtained copper |ayer to the desired thickness by gal vanic

r ei nf or cementoatinas.doPs tasen sexreespoutilight inpthegnfrared range with a wavelength
between 9.4 and 10.6 um. Such infrared wave lengths are not well suited for
copper ablation, but—due to its small thickness and its specific surface treat-

25 ment—the functional copper foil 16 is nevertheless pierced without difficulties by
the CO; laser beam. Once the very thin copper layer is removed, the CO; laser
fully develops its advantages. Over 90% of the laser radiation is then absorbed
by the underlying dielectric material, up to a depth which is several times the
wavelength. This results in very high ablation rates per laser pulse and there-

30 fore a high drilling speed. it remains to be said that material ablation with a CO;
laser is based on a photothermal process. The laser radiation is absorbed by



Claims 1. A nethod for manufacturing a nmultilayer printed circuit board
conprising the follow ng steps: a) providing a core board (20); b) -
provi ding a conposite foil (10) including a functional copper foil (16) 5
mounted on a carrier foil (12}) said functional copper foil 5_162) havi ng a
front side M904G688ai d carrier foil (12) and a back side cE&TEH0R2640 o
resin; c) laminating said conposite foil1d10) with the resin coated back
side on one side of said core board (20); d) renoving said carrier foil

12) f . . i 7 d
ront st e offeiHRe) REBe peBREL, it slyipbrised and i oyt G MRGRERGHRA g,
said functi orate toppg afrgé;dltir(glﬁ)e;rpmﬁssmi. Oncedhe lowerdaget pad i$ oncovered,ovi as;
Ceos ¢ han 10MA Hserdigiins aliia: elssSy1eiored by 1he FiroRliad b iatpTac .
hol es from spairfowil eoiherstsy dtopped autdmatibdgllyugh said functional copper foil
(16). 2. The nethod as clainmed in claiml, characterised in that said

functionad cNeREln bl AG, tbough-hole3c26 akapeshdrichligritillBamta thd PCE) ¢sshallf
about 5 Vim 20 3., The nethod as,clagi med_ i n cliai,ml or 2, characterised in
that said frBRMoigBabihisslen is optianabas Wil 9 sxplaingd 1atef6) has received a
surface preparation favouri n% t he absorption of C02 laser light. 4. The

met hod as cl SteRA ihasembination of igur subSteRsy i n t hat said surface prepa
ration provides a particular surface profile and roughness favouring the ab
25 sorption of t@f@%@fsﬂy gaaned witiohiaty messige MEtREP00/ 02560 16 5. The
method as clainmed in claim3 or 4, characterised in that said surface

preparation prdhedReBasyhseauentlyapndaigoesa eunplete femevatioftheiaek oxidet i on
of C02 Iager |igH ; ' hd Cl AR lthed )

char act e??sed in tﬁ%st%"sggﬁ"gﬁéﬁge@%"ﬁé@é‘ ra? F%br? @@s@%ﬁé@g tB%r’?’r?S"a'
manuf act uri ng off alldhel residyrssirors the CiOz(awer ablatioMhe met hod as cl ai med in any
one of clains 1 to 6, characterised in that said front side of said

functional ceppbenf copperis)firstly depasited byi alécteolérsaplating inithe oricrevies othe
coating prior ttﬂjéﬁﬁ'{d%éw ég%thgwhmaePgﬁt. hod as clained in any one of the

precedi ng cl ai ns ara
- finally galvanic reinforcement, i.e. copper electrodeposition, is preferably
15 carried out until the outer copper layer 16' reaches e.g. a thickness of about
18 um.

During step A8, the outer copper layer 16', which has now a thickness of
preferably 18 um, is etched in order to form circuit patterns 28 on the outer
surface. The Circuit patterns may be etched during step A7 before the elec-

20 troless plating and galvanic reinforcement, the method subsequently finishing at
the end of step A7.

It should be noted that step A4 (i.e. deposition of the black oxide conversion
coating) of the process of Fig.2 can be suppressed, when using a composite foil
having a functional copper foil, the front side of which is prepared for laser
25 driling during manufacturing. Indeed, the front side is typically a shiny side
which reflects the CO; laser beam; the black oxide conversion coating avoids
such reflection, thus causing the CO; laser beam to heat the copper surface,
enabling material ablation. Another way of avoiding reflection of the CO, laser
beam is to obtain, during the manufacturing of the composite foil, a non-

30 reflecting front side. The front side can be characterised by its colour and its



10 in that iaid conposite foil (10) further includes a rel ease |ayer (14)
I ntermedi ate said carrier foil (12) and said functional copper foil (16);
and in that |said carrier foil (12) rermoval of step d) consists in

mechani cally peeling off the carrier foil (12) and the rel ease |ayer (14)
si nul t aneoU¥PPO/5B80 The nethod as clained in any one of cl aPAE/ER00/03569,
characterised 15 in that said corrp05|te1f10|l further includes a rel ease
tayer internediate said carrier foil and said functional copper foil, said
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clainmed in claim 14, characterised in that said front

1Besides, it will be understood that such a thin layer of dark coloured electrically

conductive material may play the role of release layer itself and of course that of
the surface preparation favouring the absorption of CO; laser light. Thus, the
composite foil would comprise a carrier foil, a release layer of dark coloured

20 ielectrically conductive material, a functional copper foil and a resin coating. It is
clear that the release layer should then necessary remain on the front side of
the functional copper foil when peeling off the carrier foil.

A first candidate for forming such a dark coloured electrically conductive
material layer is carbon. A substantially continuous layer of carbon can be
25 obtained by carbon deposition. Carbon deposition may comprise the application
of a liquid carbon dispersion to the side of carrier foil, possibly covered with a
chromium based release layer, which will be facing the functional copper foil.
Generally, the carbon dispersion contains three principal ingredients, namely

carbon, one or more surfactants capable of dispersing the carbon, and a liquid

30 ‘dispersing medium such as water. Many types of carbon may be used including

the commonly available carbon blacks, furnace blacks, and suitable small




side has a particular surface profile and roughness favouring the
absorption of C02 laser light. 16.The conposite foil as clainmed in claim 14
or 15, characterised in that said 20 front side has a particul ar surface
col our favouring the absorption of C02 laser light. 17.The conposite foil
as clai med WP 5368 14, 15 or 16, characterised in that saiP§TEEPEEFEnal
copper foil (16) is electrodeposited on Baid rel ease Layer (14) and has a

t hi ckness of about 5 p,m 25 18. The conposite foil as clainmed in claim 16,
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was carried out in an electroplating bath comprising 60 to 65 g/l of copper
sulfate (as Cu®) and 60 to 65 g/l of sulfuric acid. The current density was
11 A/dm? and the temperature of the electroplating bath was 60°C. Next, a
20 nodular treatment was applied to the outer side of the functional copper foil.
This foil was subsequently laminated on a conventional glass-epoxy FR4
prepreg (Duraver -E-104 from Isola werke AG, D-52348 Duren) at 175°C for 80
minutes using a pressure of 20-25 bar. After cooling down to room temperature,
the carrier foil was manually peeled off. As a result, there was obtained a black
25 coating on the 5 um thick, functional copper foil, which required no further
surface preparation before CO, laser drilling.

A second candidate for forming the dark coloured electrically conductive
material layer is a dark coloured electrically conductive polymer. Indeed, some
monomers, such as pyrrole, furan, thiophene and some of their derivatives, and
30 namely functionalised monomers, are capable of being oxidised into polymers
that are electrically conductive. Such a monomer is preferably applied to the
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20 It remadins to be noted that a PCB generally comprises several outer layers.
Hence, the PCB of step AB may serve as core board in the above described
manufacturing method, so as to add outer layers thereon. However, it will be
understood that step A8 is not necessary to pass from step A5 to step A7, and
was therefore termed optional. Indeed, the mechanical through hole drilling —
25 when required— generally only occurs when manufacturing the very last outer-
layer of the PCB. In other words, the PCB obtained at step A8 after a first run of
the manufacturing method may not have a mechanically drilled through hole. It
is also clear that, for the first run of the process, the core board 20 at step A1

may already be a one-sided or double-sided PCB consisting of several layers.

30 A last remark concerns the formation of the functional copper foil. In the present
description, the functional copper foil 16 was electrodeposited on the release
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10 order to uncover said front side of said functional copper foil (16);

e) drilling holes through said functional copper foil (16) and said resin in
order to form microvias;

characterised

in that said functional copper foil (16) has a thickness of less than 10 um;
15 and

in that a CO, laser source is used to drill said holes from said uncovered
front side through said functional copper foil (16).

2. The method as claimed in claim 1, characterised in that said functional

copper foil (16) is electrodeposited and has a thickness of about 5 um.

20 3. The method as claimed in claim 1 or 2, characterised in that said front side of
said functional copper foil (16) has received a surface preparation favouring
the absorption of CO; laser light.

4. The method as claimed in claim 3, characterised in that said surface prepa-
ration provides a particular surface profile and roughness favouring the ab-
25 sorption of CO;, laser light.
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25

CO; laser light.

8. The method as claimed in claim 3, 4 or 5, characterised in that said surface
preparation takes place during manufacturing of said composite foil (10).

7. The method as claimed in any one of claims 1 to 6, characterised in that said
front side of said functional copper foil (16) is covered with a black oxide
conversion coating prior to laser drilling.

8. The method as claimed in any one of the preceding claims, characterised

in that said composite foil (10) further includes a release layer (14) intermedi-
ate said carrier foil (12) and said functional copper foil (16); and

in that said carrier foil (12) removal of step d) consists in mechanically peel-
ing off the carrier foil (12) and the release layer (14) simultaneously.

9. The method as claimed in any one of claims 1 to 6, characterised

in that said composite foil further includes a release layer intermediate said
carrier foil and said functional copper foil, said release layer having a par-
ticular surface colour favouring the absorption of CO2 laser light; and

in that when removing said carrier foil at step d), said release layer remains
on said front side of said functional copper foil.

10.The method as claimed in any one of the preceding claims, characterised in
that said resin comprises a layer of B-staged resin.

11.The method as claimed in any one of the preceding claims, characterised in
that said resin layer comprises a C-staged resin layer applied on the back
side of the functional copper foil (16), and a B-staged resin layer applied on
said C-staged resin layer.

12.The method as claimed in any one of the preceding claims, characterised in
that after step e) copper is deposited by electroless plating over the func-
tional copper foil (16).
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copper foil (16) in order to increase its thickness.

14.A composite foil for use in a method for manufacturing a multilayer printed
5 circuit board, comprising:

a carrier foil (12);
a release layer (14) on one side of said carrier foil (12) ;

a functional copper foil (16) deposited on said release layer (14), said func-

tional copper foil (16) having a front side facing said release layer (14) and a
10 back side; and

a resin coating (18) on said back side of said functional copper foil (16);

characterised

in that said functional copper foil (16) has a thickness of less than 10 um; and

in that said front side of said functional copper foil (16) has received a sur-
15 face preparation favouring the absorption of CO; laser light.

15.The composite foil as claimed in claim 14, characterised in that said front

side has a particular surface profile and roughness favouring the absorption
of CO, laser light.

16.The composite foil as claimed in claim 14 or 15, characterised in that said
20 front side has a particular surface colour favouring the absorption of CO,
laser light.

17.The composite foil as claimed in claim 14, 15 or 16, characterised in that
said functional copper foil (16) is electrodeposited on said release layer (14)
and has a thickness of about 5 pm.

25 18.The composite foil as claimed in claim 16, characterised in that said surface
colour is obtained by forming a thin layer of dark coloured electrically con-
ductive material between said release layer (14) and said functional copper
foil (16).
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(18) has a thickness between 5 and 150 pm.

5 20.The composite foil as claimed in any one of claims 14 to 19, characterised in
that said release layer (14) is a chromium based layer.

21.The composite foil as claimed in claim 16, characterised

in that said release layer remains attached to said front side of said functional
copper foil when said carrier foil is removed; and

10 in that said release layer has a particular surface colour favouring the ab-
sorption of CO; laser light.

22.The composite foil as claimed in claim 21, characterised in that said release

layer is a thin layer of dark coloured electrically conductive material.

23.The composite foil as claimed in claim 18 or 22, characterised in that said
15 thin layer of dark coloured electrically conductive material is a layer compris-
ing carbon black and/or graphite.

24. The composite foil as claimed in claim 18 or 22, characterised in that said
thin layer of dark coloured electrically conductive material is a layer compris-
ing a dark coloured electrically conductive polymer.

20 25.The composite foil as claimed in claims 14 to 24, characterised by a bonding
layer on said back side of said functional copper foil (16).

26.The composite foil as claimed in claims 14 to 25, characterised by a passi-
vation layer on said back side of said functional copper foil (16), preferably
intermediate said bonding layer and said resin coating (18).



