1 The present invention relates to a nethod of manufacturing circuit
carriers and the use of the nethod. Such type manufacturing nmethods are
known fromprior art, the following nethod steps being generally perforned:
i) providing a substrate, said substrate consisting of at |east one

dielectric layer and of copper |ayers on at |east one side thereof, ii)
structuring the surface of the substrate according to a conductor pattern
to be formed, iii) depositing a conductive nmaterial in regions

correspondi ng to the conductor pattern ffor form ng conductor structures, and
iv) renoving the conductive material outside of the conductor pattern.
Alternatively, the conductor pattern nay be fornmed by selectively etching
away exposed base copper after structuring the surface of the substrate in
step ii). For structuring the surface, nethod steps such as photolithography
or laser ablation may for exanple be used. Structuring the surface of the
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t echni que glyusd of fhe mewdatrate nmaterials since there are limts to the

process of photolithography in producing very fine conductor patterns. Mre
specifically current nethods are mainly the tenting technique (a negative
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copper after structuring the surface of the substrate in step ii).

For structuring the surface, method steps such as photolithography or laser
ablation may for example be used. Structuring the surface of the substrate
using photolithography is thereby increasingly substituted by laser direct
imaging as a result of the further development of the laser technique and of the
substrate materials since there are limits to the process of photolithography in
producing very fine conductor patterns.

More specifically current methods are mainly the tenting technique (a negative
photoresist is used to pattern the outer sides of the board material while tenting
the through holes therein and subsequent etching of the outer copper clad), the
pattern-and-efch technique (é negative photoresist is used to pattern the outer
sides of the board material, a metallic etch resist is formed in the pattern and
the photoresist is finally removed for Subsequent etching of the outer copper
clad) and the semi-additive technique (With differential etch). The only difference



5 HDI conductor structures used in the industry so far are to a degree of
greater than 95% nade by discrete circuits |ocated on the surface of the
board. The structures in different circuit planes are either electrically
connect ed bywopmwshzasical |y drilled through hol es or by | ®@semxrdioshéoess m cro
vias. 10 In either case of the above tethni ques, |am nation of either copper
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as follows: Usedgaritalytdriied nigrough holegusr by ipsasirfiiee micesvketion with a 75 pm
conductor line width and a spaci ng between adj acent conductor traces of
down to 100 pm may be achieved, if a negative etch 25 (photo)resist having a
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Sn/Pb or Ni/Au) having a thickness of - pmis used. The total etch
depth can varBecepseoiibesnsl GW@PWﬁE@QQWW@G@@’CUFQSlO pmto up to
greater than 25 pm depending on the type of the process route

The drawbacks of the conventionally manufactured HDI boards are due to a
plurality of reasons: Line and space creation of conductor structures depends

20 mainly on the etch depth given priorto a subtrac_tiVe etch process and on the
thickness of the photoresist employed. Etch thickness of outer layer circuits and
associated line resolution are as follows: Using the tenting technique a possible
resolution with a 75 pm conductor line width and a spacing between adjacent
conductor traces of down to 100 Hm may be achieved, if a negative etch

25 (photolresist having a thickness of 38 — 50 um and a copper clad having a
thickness of 5 — 17 um are used and if copper is additionally plated to a
thickness of 25 um. Thinner etch resists allow a better eich resolution, but are
otherwise limited in their tenting capability. Using the pattern-and-etch
technique alternatively a possible resolution with a 50 um line width and a

30 75 um spacing may be achieved, if a negative etch (photo)resist having a.
thickness of 38 um and a copper clad having a thickness of § — 25 ym (plus 5 -
10 um flash copper plating) are used, further if copper is additionally pattern-
plated to a thickness of 25 pm and if an etch (metal)resist (Sn, Sn/Pb or Ni/Au)
having a thickness of 5 — 10 um is used. The fotal etch depth can vary from



followed. By finally using the sem -additive technique a possible resolution
wth a 25 pmline wwdth and a 35 pmspacing with an etch factor anounting
to 1.2 nay be achieved, if a bare board lamnate is first covered with a
0.6 - 0.9 pmo2odshrakl el ectrol ess copper |ayer and a negatgiver:aismhosvs
(photo)resist having a thickness of 38 pm (which allows to plate copper in
a pattern haviongndo upitckpester theh 28 pingdsperingoh the typeast.thé prddess reaee t he
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achi eved couladidos sdeshigradkiline dedutisne hin 25 250 pm (neasured by DOE using in
all cases the sane |lam nate and exactly the sane pressing paraneters). In

the second place there are tooling and registration tol erances: All

nmechani cal  gne gbpekchideResRiRRhBIGRES ¢ piddeBe HIBRSrcURS Wid the |Airsd bR4i on to a
ref erence point (or to several reference points). Oten such reference

30
poi nts are pV8UPWeH f@lramarhasisas. wid pae @_—l?%t%ieﬁgim@ra%‘g’ubﬁﬁﬂ%ﬂhicbar gets.
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capability o m across the surface area o roducti on panels (which
have a size of as large as 18" x 12" (45 cmx 30 cn) or even 18" x 24" (45
arl

(
cmx 60 M) £ilinaPSts £1o1dRR YRR AARGR - ditsbubh 037 SRPGRR) in pressing

the laminates to produce the board material: During the generation of multilayer
circuits the demand on planarity is the main concern for further success and

20  vyield of the finished board (prior to structuring the outer layers). Therefore
industry has developed lamination methads to induce the least amount of stress
to the boards and to remove inner tension in warp and weft direction (bow and
twist). Since the elongation modulus of printed circuit laminates are different in
all three dimensions (x,y,z) the deviation achieved could be defined to be within

25  +250 um (measured by DOE using in all cases the same laminate and exactly
the same pressing parameters)..

In the second place there are tooling and ragistration tolerances: All mechanical
and photolithographic production steps require registration to a reference point
30  (or to several reference points). Often such reference points are provided by
hard metal pins (hole-to-pin) or by optical targets. Temperature changes and
the operator precision allow a maximum registration capability of £ 25 um
across the surface area of production panels (which have a size of as large as
18" x 12" (45 cm x 30 cm) or even 18" x 24" (45 cm x 60 cm)). In most of the



4 cases failures frominner to outer layers can be found in a sectorial

m smat ch.  Phot ol i t hographi ¢ operations do not provide a 100% solution to
conpensate for these errors, though CNC drilling machi nes can be adapted to
t hese sect ow@ioosalgwsiat i ons and i npl enent these devi ati opseTapts/eosuseness by
t he personnel. 5 This phenonenon |eadstto a near failure result in printed
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hole to the Imgatfaciuriof prieessés. pad. I n the fourth pl ace there are

devel opi ng, nmetal resist and etching tol erances: Chem cal devel opnent of
photoresi sts al ways inposes the risk of the stray light effect during

i magi ng or omem@régw|ﬁ%?eo&ar%ﬂ=érq5|ermes@f@mgl TheeBhsaHiGH sk, phds the
over-cured resists na evel oped ¥ resi st devel opi ng may not be
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under cut 4zl n ition over-growing nmetal on the resist 30 nmakes it .al nost
i npossi bl'e td physically clear spaces between conductor structures which
have a line width and spacing of smaller than 50 pmeach. 1In the fifth

place there ap e ddir N9ed Aers NS 88veidBg ANLER e SEhing thibtdrids:

Chemical development of photoresists always impases the risk of the stray light
effect during imaging or of other sources of error. For example semi-cured or

20 over-cured resists may be developed away or resist developing may not be
sufficient such that the resist remains at the foot (flank) of a resist side wall. An
estimate has to be done prior to applying a resist in terms of how much more
must be given to reach the desired dimension. This affords expett skills. The
same problem arises when alkaline or acidic etching is used to generate the

25  circuits. In this case a so-called over-etch factor has to be taken into account to
reach the final (target) dimensions (£ 10 — 40% of the total conducior dimension
tolerance as undercut). Pattern-plated outer layers are firstly subject to a + 20 —
80% deviation in copper layer thickness. This reflects the deviation in etch
depth resulting in etch undercut. In addition over-growing metal on the resist

30 makes it almost impossible {0 physicali'y clear spaces between conductor
structures which have a line width and spacing of smaller than 50 pm each.

In the fifth place there are drilling tolerances: Mechanical and laser drilling
generally suffers from tolerances originating from misregistration, (rotational)



generally suffers fromtol erances originating fromm sregistration,
(rotational) WO 2005/076681 PCT/ EP2005/ 000698 5 deflection of the drill bit
and machining, the latter mainly being due to repetition, tooling and depth
accuracy. Usveogoesoteesint i onal techniques with all the tol ecanpemstsssussed
herei n above 5 and even enpl oyi ng the hi ghest standard with the above

t echni ques al daflestiombythet drilhibiy end macBining, dloe tatter avsslywdity dud toepetitisd) of 50
- 100 pmto ﬁas€P bet enhtvvo gackage pads conprising holes, the pitch of
the pads bei fg°H%BaNY AR aGREFGhi ng the pattern to have two circuit traces
pass between two pads requires fine line structuring and sol der resi st

abl ation by | aser. The |ine w dth of thh§ %O circuits is in the range of 50
pmin this cad@ngaeentignattrohniques ydihralkihedpleransessliscussed herain abev@ ri ¢
surface ofg t i j : I to
the board Ssugﬁcﬁg\kiﬁ %I%g:{y Hg’;tthﬁhﬁ?ljt]igﬂt% Léﬁg%wgpﬁﬁgbggﬁeﬁ ﬂe e{s %gg\{v)é‘n’gyh[y of

t he copper cltadavete—-2reimuitdracesavihraline wistiigoh86 s- HI0 Bm-todasmbeeerbivat

16718 pm 1 s rotEhe Do B el hlfs b bl B BT B dnifty co 0
Endi ng up w thegigningithe patieestotiae thadircait kiaoes pasd be®iedrOweaRdegiiggd NgS
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especi ally FCGtype packages. 30 These electric” conponents have an exter nal
connector pitch lying in the range '

Ending up with circuit traces that have a line width of 50 yum and spacings
between them of 50 um the pads to be used will still have to have a diameter of
greater than 120 pm. The annular ring of these pads has a width of approx.

20 50 um. The integrity of the circuit is limited by the treatment roughness between

the circuit trace and the board substrate, which cannot be abandoned because

of the surface adhesion necessary for manufacturing and assembly. Such
construction, however, impcses further problems in that impedance control and
high frequency applications are limited due to this roughness.

25 '
Using the above techniques does not present a solution to manufacture circuit
boards which are appropriate to directly mount and electricaily connect
semiconductor chips or semiconductor chip packages having a very fine pitch of
connecting terminals, such as BGA, CSP and especially FC-type packages.

30 'These electric components have an external connector pitch lying in the range
of from 0.20 mm {FC type) to 0.50 mm (CSP type). In order to mount and
electrically connect these components on printed circuit boards, a new method
has to be found out, which offers finer conductor structures at a much lower
manufacturing tolerance. As the printed circuit boards being mounted with these



of fromO0.20 mm (FC type) to 0.50 nm (CSP type). In order to nount and
electrically connect these conponents on printed circuit boards, a new
met hod has to be found out, which offers finer conductor structures at a
much | ower manufacturing tolerance. As _the printed circuit boards being
nounted with these 6 new electric corrp@nents nmust al so neet better

re- dhal eleliit! 'c@l'ﬂpéﬁé]ﬁﬁ hﬁm&néét Heﬁ@r r%ﬂf@nﬂu%&ﬁ Fequlréméﬁts Q?’Eﬁb%ﬁﬁhe Ié\fél hﬁé’@eﬁ%d
much as possi bl e surface through pass connectivity.

di sclaave aé”?149PWédm%sf‘b'ﬁﬁH'ifﬂ%F'i?PQ'hBaiﬁqmﬂ%‘a“"é\‘i rcuit boar ds by Whl ch trenches
and through holes are first formed in a dielectric attached for exanple to

f f bly b bl at I Then,
he TEciBGRE A1 Fiefeser aduelnrd sf aerifastimie Pa R it bhett S dEhendstiq, o
r enoresughdies aegm;splonﬁed)mat dielestiit etaahid lfdreeéhTalm?e&amadfrmhé Qpraferdbdl mIasefhe
remai roun a | at e r. for con tor ruct yres
Cuon =Baieh P pieleilossr, A8, ol BleRsidy EhShapdlonn Bl R B < eiddttal
|'i ghtenamsed wgam @ucept\fromhbe sipsss khaE trenciedasicthidoghl holee.r@eremsaintng gﬂoumldaqm ismdwh

sel ef’ht ka}f ?’e are f orm |¥1? %Bncmgfor s?%&%g sbé‘W %f (H%Pfjtrgc%scg ?ﬁ%h%h 9|2fé%%o egng{h@ dlpé?:tly

t he
corrpbeafmrygﬁt|a|ctl\@¢lowﬁtmtheepa$31bllltmdeWIbed:thJse?Jn rsm@dlmr@le Witk aetmtwaatreﬂtmehtlmathe as

For niy i Pyl 1668 iy Heppt el &4 o 2S5 ARG BB i RUGA RS iy Hrbll aiep
of nheaempletehi filgd pith metal. loithis gase, theanetsl is Text stahed bagkhas iauaﬁthe cigleafric winthe
mul thlrl-:ldEirénéh{é‘srémd%rogg;WEB@QBQE Zd?ﬁﬂ V\% HwifthB iRl T Processes requiring

ayer {amnate mat eri a are assessed to be expensive and
often not avail able in constant quallty At first, various recesses are

pr odepersizhes Madhédl&sfes %HQ&%F ﬁ\b@-o@)ﬂf m‘aﬁurfgcteﬁng Z&ﬁmﬁid ﬁ%hn@hb&ﬂs mﬁ&n&@hﬂfumgi ng
an exci nmer |aser, | ke al so shown in Next, through hol es

are Pwayfem muétm’ﬁg'aﬁf Ptoﬁélﬂbsﬁfa@é @nd gedike pror axt Pfe%a%quwmﬁﬂ’ﬂtétﬂ%‘w lgrgnated
t her gatdrals, #RBR I @éée&éb% BBkiFerisive @Rd bhién ﬁéttdvél%bﬁihfcaﬁﬁaﬁf%lbh? AYRS VaRbss
said conductive material being next reinforced preferabl | atin with
© h FREBSTSS A BOTHGRCH 8isaish SursTals by peanst ot Beat slogt reREatn PG AN RiAIEY” 194a, o
Ialst !llﬁdzﬂﬁ) sHoW® uﬁlaﬁowalzedgsmdm)tu e ugRheles afe fbﬁnécﬁimbigd.:rtmélr RE&T e t:gaJA "

ol I sni exce essS rou ecri.v epos!i i1 on
P B RSB i hefeBrty Yark SRR BRady hn H S it othg Srbstt, SoB
ef 1; eebratlictve mabﬂ@u:emglnyexaemroreeltd prefetdbty bgawlat:r@r wﬁmb@tmﬁéﬁal |ba|ng{aﬁo depesﬂeb @ato

0] 0 ans a 1. On nce

o It At PRy v ™S et b BB e bERAfipE borilpn Ha TR Aol S by BrepRR
wal | solmmglwcamammm recessehamlihrougb heles. Felediibe depdsiino @R £AHRB®EIn#drial in the
di t d d
s qugk ﬁesaqng%%#ﬁﬁ@'hﬁ%# @ﬁY F&fﬁe% E@ercgés?:l bg) Va]ee?ecﬁ]\%r}égﬁﬁéﬁrtb(\thg Egrnglaéldbgga@@ﬁg €
fir strenlmhebgod threughayates yf measisyoiiaseciradiatien, asubstande tlaat_ttzgoomas élactﬂpalue:pc@otwmg
a 56%@9|a@éﬁh§&5{e'd%eln@yo%boatfed%ﬂlo\’t%Waﬁs %E&Fécéése%%nﬁ%rguérf’ﬁ’oléé!rface of

Further, US2002/0129972 A1 discloses a method of fabricating an electronic structure having embedded
substantially flush circuit features, which method comprises: providing a first dielectric layer of polymeric
material with a top surface; depositing a second dielectric layer of polymeric material on said top surface of
said first layer of polymeric material, said second dielectric layer also having a second top surface; defining
trench features with sidewalls and bottoms in said second dielectric layer; providing a seed layer only on
said sidewalls and bottoms of said trench featurés; and depositing electrically conductive material in said
trench features such that said electrically conductive material is substantially coplanar with said top surface
of said second dielectric layer. The trench features may be created by laser ablation. The sequence of
steps of the above method steps can be repeated multiple times until the desired number of circuit lines is
provided. As shown in Fig. 1b of US 2002/0129972 A1 the trench features extend completely through the
second dielectric layer of polymeric material, such that in those regions of the trench features the top
surface of the first dielectric layer of polymeric méterial is exposed.



said first layer of polyneric material, said second dielectric |ayer also
havi ng a second top surface; defining trench features with sidewalls and
bottons in said second dielectric layer; providing a seed |ayer only on
sai d si dewaWbOz0msmdseBnt t ons of said trench features; and RBPEPIMSNIS
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m niaturization of circuit carriers as nentioned herein above. For this
purpose, cirguit reiers,.with, conductor 5 s tures phaving ever, smaller

di mensi ons aﬁge 5?19%@\7/%5 n‘\eﬁlg?%%cgPﬁ?'@\ﬁﬁ?\_‘%pﬁ@ﬂgﬁj@mﬁ? PP 388 VWGBS 8Y ngl y
snal | er pPnNPpaRNésriaaecaarded 4 sitcuissatidin u%ﬁ%@ﬁéﬁdﬂt@m%@ér taEgniges.med

H gh-Density Printed Crcuit Boards. The nmethods nentioned herein above

pernmit to fokHewerenderswatignehandnarsiassd cifcull dersilyiancegnters e wihereigri o a

circuit patt S | L ARt [ ' . tion
of an incr ea@@@‘#fb%ﬁ?‘?hggﬁsﬁ@ g%gg%ﬂn %ﬁgﬁﬁapgﬁ%gb%rnggﬁ% %;(Eé%%%cﬁég?at ed
hol es ar e t oplapeprfeshinestdehtooaciiiewe baegehighweirbeit defsitypnedsihamondiibases. For

in order to achjeve ver igh circuit density, .certain .conditions nust be
nmet such as F‘b‘re‘{ Sﬁ_ |38°’a%‘53%%%’&%“"?'&&“035@@0@faé'\ﬁﬁféf%%ﬁﬁffﬂ% qfﬁ e_15 t hrough
hol es opts mathryugtihdled obomalgaktedfctnieal gathd ah@mu@@h@@smupﬁn@g_ little
space. An even nore severe drawback of all the nethods as shown herein above

is that thelittPEPase-cuit boards bei ng manufactured using these methods
suffer from 20 being extrenely expensive because of the problens
encountered in produci ng such boards (nunber of processing steps and

unavoi dabl e Ableyeamere severepiisaideskdiall the methodsrasceown hereimabevegai red HDI

resol ution; {hg?fheéc ﬁb?éfr&ﬁtr l?c%ﬁ'ﬁg being manufactured using these methods suffer from

20 being extremely expensive because of the problems encountered in producing
such boards (number of processing steps and unavoidable tolerances to
produce the circuit traces with the required HDI resolution; therefore increased
scrap). In order to achieve the required integration density, e.g., comprising
manufacturing boards having eight to twelve innerlayers and in addition two

25  outer signal layers which also serve to electrically connect electric components,
a vast plurality of process steps is required to manufacture such boards, For
producing multilayers having a usual board size of for example 45 cm x 60 cm
by using conventional techniques is virtually impossible, if HDI cireuit fraces are
to be produced.

30
Even if the methods described in DE 196 20 095 A1 and EP 0 677 985 A1
would be used to manufacture circuit boards having the required integration
density while offering the possibility to electrically connect electric components
as outlined herein above, the circuit boards manufactured in accordance with



scrap). In order to achieve the required integration density, e.g.,
conprising manufacturing boards having eight to twelve innerlayers and in
addition two 25 outer signal |ayers which also serve to electrically connect
el ectric conmpor@sd®ssl a vast plurality of process steps ipgT/Epoidbshedost O

manuf acture such boards. For producinggnultilayers having a usual board
size of for exaapfthedb mathsdd ool bdpxerhaly expaxsing ibenalisd thehyieldues i s
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consi der abl e ine9isalsly bbape dsnydduencé.nevi tably be the consequence. 15 It is

therefore the object of the present invention to provide a nethod for
manufacturing circuit carriers that permts further mniaturization Le.,

Lg;gﬁi onys of It%‘We#%réﬁh@edbzw%?%ecﬂ*égé'ﬁttiﬁ{}erﬁfofn%tp!ﬂéﬁée%'}ﬂeﬁuo'aifsher wiring

y. Extrenely fine conductor structures are intended to be thus

formed, sai d manufacturing circuit carriers that permits further miniaturization l.e., formation
of smaller-dimensioned conductor structures and a higher wiring density.
Extremely fine conductor structures are intended to be thus formed, said
structures exhibiting a good bonding strength to the substrate and

20  advantageous heat dissipation properties as well as sustaining high mechanical

and thermal loads. Moreover, the method shall be cost-effective and easily
manageable. This will of course aiso comprise fulfilling the object that the
manufacture of such carriers will be possible at a high vield even if HDI
conductor structures are to be produced and with the integration density

25  required for a main board of a computer for example.

- These objects are solved by the method as set forth in claim 1 and by the use of
the method as set forth in claim 17. Preferred embodiments of the invention are
described in the sub-claims.

30

“The method serves to manufacture circuit carriers such as printed circuit

boards, chip carriers and multichip modules. it involves the following method

steps:



structures exhibiting a good bonding strength to the substrate and 20
advant ageous heat dissipation properties as well as sustaining high
mechani cal and thermal |oads. Mreover, the nethod shall be cost-effective
and easily manageable. This will of course also conprise fulfilling the
object that the manufacture of such carriers will be possible at a high
yield even if HDI conductor structures are to be produced and with the

i ntegration density 25 required for a main board of a conputer for exanple.
These objects are solved by the nethod ¢¢s set forth in claiml and by the
use of the method as set forth in claim17. Preferred enbodi ments of the

i nvention &"ﬁrlﬁrovm&fé' pRfted Ardufthoar®- cl ai ms. 30 The nethod serves to
manufactur€ circui't carriers such as printed circuit boards, chip carriers
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ext endi ng ¢o ete t hrough t he eetrlc ositing a primner |ayer
onto the ARG COIINE TS SHaC IR IR R R 8 bri ot | ayer
onto the V@édo%.tmfg tha%nm&%vacbnfté ﬁ-@dﬂ&l& ofthé prédice@tohches Depositing a
nmetal |ayer onto"the priner layer, with the trenches and vias being

conpl et el yand vine®nhi:t h netal for forming conductor structur es therein; and
ad v o, Y QABATLE Ui e PEMEEVEY TC, Parer has been deposi ted
onto the with thectrenotfesemd \naﬂbeingd:omm@tehy)ﬂlIeﬂlhatmmtata)cﬂord’ormhg invention is
designed to ver h Density Printed Circuit Boards, utilizing an
el ectropl a@qr% {joéé HEl %ﬁ/hllege'ﬂe?%cfl ize three dinensional structures created
in di el ectiReneVify trR) melal fYer kh@%he primer layer, except for in the trenches and

vias, to expose the dielectric if the primer layer has been deposited onto the

entire surface in method step d).

The method of the invention is designed to produce very High Density Printed

Circuit Boards, utilizing an electroplating technology to metallize three

dimensional structures created in dielectric material of any kind.

The printed circuit board to be provided in method step a) is a conventionally

manufactured printed circuit board. Such boards are manufactured by

laminating individual circuit laminates together to form a double sided or

multilayer board. The circuit traces on the outer sides or on inner layer laminates

of this bbard are formed using any of the tenting, pattern-and-etch, semi-

additive or other conventional techniqgues described herein above. The traces

formed in this manner are provided on top of the board material, overlying

same. Thereupon they may rest with a sufficient adhesion with the aid of

material roughness. The vias serve fo connect different conductor planes in the

circuit carrier and therefore generally extend completely through at least one

dielectric layer. The trenches serve to interconnect for example vias to one

another, recesses for packaging pads for electric components to one another or

vias and such



The printed circuit board to be provided in nethod step a) is a
conventionally manufactured printed circuit board. Such boards are

manuf actured by Ilamnating individual circuit |lam nates together to forma
doubl e si dewomoos/meésii | ayer board. The circuit traces onptirepmud/@osesi des or
on inner layer lamnates of this boardiare forned using any of the tenting,

pat t er n- and- efgehss&efr pagkisliihg ¥ad9todtia! TRO N dLRRIehREBRhEILSRAgSC | bed
herei n above. The traces forned in this manner are provided on .top of the

board mat eri aq:omB’@EﬂJthﬁ@Qh hgdiclerkicrlay®on they nmay rest with a sufficient
adhesion with the aid of material roughness. The vias serve to connect
different conductor planes in the <circuit carrier and therefore generally
extend conpl efles printedmirghit doardbeing elwmsedbygresnrinteriadig de. utiiined farenches serve
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trenches therefor not extend conp el the dielectric |ayer.
The printed CIP‘V%'EJ% I3 PHANSPNElestrig£08 E?é %f’&r?“ip%[;’ g eirentiBat @) i zed for

5 suppl ying Céﬁrfr%'&?ecﬂﬂérthé%a%%r%‘ﬁé‘ﬁfﬁv%d tﬂﬁéléb ofhiad bR YMRE clrB@t circui t

traces and the via structures to be netal plated are conductively connected
to the base taMjierthakisrtoths gfrypivnedse, el ectric contact pads for supplying
current that are connected to the base |ayer are provided outside of the
area of the circuit <carrier that is to be structured. 10 The structure of
the trenches Tios skseioralsf the trtdmehe@nduuesnmndsttmummmmnstrumturém@ﬁefm to be

formed thereip. conduc sfrycture rn may f exa conpri se
bot hci rcut ¢ ahiEdS b ATS RiesPing B den e B e 2 BHp SHONDE SHAEP et o
areas, for ex@él‘ﬁbl%é %th%@ﬁ@aﬂgsthfp%kefg?ﬁg’fbé‘@sfb?%?é‘dtﬁ@&émgﬁﬁér%%nafter’ 15

t he conductor structure patterns to be formed in the trench
general |y remetal aeaso ferexampiaifar shigldisg or for forming capacitors. Herein afier,

16 the conductor structure patterns to be formed in the trenches will be generally
referred to as circuit traces.

By starting with a conventional printed circuit board as a base layer to form
thereon additional signal layers having the extremely fine conductor structures

20  with the method of the invention, it wiil be possible to at the same time
manufacture such circuit carriers with the integration density which is required
for a computer system board for example and to manufacture such boards at a
high yield even if ultra-HDI conductor structures are to be produced e.g., with
lines and spaces being below 50 ym each, in order to allow mounting and

25 electrical connection of complex semiconductor chip packages. Thus first a
conventional printed circuit board e.g., a multilayer, is manufactured using well-
established manufacturing techniques. Such circuit board being provided with
innerlayer circuits, if required, can be examined as to the absence of defects
prior fo forming the HDI signal layers on the outer sides thereof. This circuit

30 board will then be further processed according to the invention by applying the
dielectric, structuring the dielectric and forming the conductor structures in the
recesses formed in the dielectric, It is not required that the conventional circuit
board is pi'ovided with conductor structures of the HDI-type. The HDI-type
conductor structures will rather be formed on the outer sides of the circuit carrier



By starting with a conventional printed circuit board as a base |layer to
form thereon additional signal |layers having the extrenely fine conductor
structures 20 with the nmethod of the invention, it will be possible to at
the sane ti wo wesirbesat ure such circuit carriers wth thepCcveErgosbooes density
which is required for a conputer syst&m board for exanple and to
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board e.g., a multilayer, is manufactured using well- established

manuf act ur i ngCerasam angkkigh Quektyci rcuit board being provided with innerlayer
circuits, 4f required, can be exam ned as to the absence of defects prior
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s to provide the conventiona rcu
relatively wde conductor structures in order to allow conpetitive

manuf act ur e ther eof const,ant _an Lah. qual,jty. Thu he use of a
Tomvent | onal 1R dfnaL efinedieHARiadtRite T PodliR hbte X REl esertRbal oo
mel i orating tSeustosds; efidtess cireuinpacddindofilldat sk, ih babinethodrsted and Ranalde a
hi gh-technol ogy circuit carrier being provided with finest conductor

structures onUPHB atifnple @%B@r,ﬂ?ﬁ%@f Cirqup; (@rﬁ%rﬁé}ﬁy'ir&ﬁ@[’% CB@ﬁjlﬂfﬁorper formed by
a 10 very. E?asé’trlaéggreg@ﬁ{l%@%%tédfﬁpﬁ?ém_u%rlsﬁ'u%'r% 8t é}hﬁlgdfi‘néﬂs%spé uction

yield. The net e invention permts to produce these extrenely fine
conduct or st anever asiessinghwiingclansily.tlt isrthes possiblefto Idiredtiy establishrarone et hod
step and to bglielcg'ical contact between semiconductor components and the packaging pads
formed on the circuit carrier even if the contacting grid pattern of the
corresponding contact bumps on the components is very small. Such type
20 components are increasingly utilized in the technique since the very
components are required to feature a very high integration density. it is thus
possible to directly contact semiconductor components or semiconductor chip
packages with a ball-grid-array (BGA) or fine-grid-array-package matrix or
further GA, CSP or FC-type packages for example.
25
As contrasted with prior art methods by which the trenches for the circuit traces
and the vias are to be manufactured in two separate steps, which requires
additional positioning and ablation steps, all of the structures can preferably be
made in only one single method step (process operation) using the method of
30 the invention, meaning that the trenches and vias are formed in the dielectric in
a continuous operation without any demounting and remounting of the circuit
carrier in the manufacturing plants being required, such that additional
registration steps between the individual operations to be performed for forming

the trenches and vias are unn"ecessary. This again improves yield and hence



up, in a sinple manner, conplex circuit carriers having many conductor 15
structure planes which conprise conductor structures of small dinensions and
an ever increasing wiring density. It is thus possible to directly establish
an el ectri o¥ 26016881t bet ween sem conduct or conponent s @ad/Epb@speEsagI Ng
pads forned on the circuit carrier evdd if the contacting grid pattern of
the correspoodsingpozant mbrelgwhrpson pratiems @spociatedswitts svet fesioahling Sudh type
20 conponents are |ncr aS| utilized in the technique since the very
conponent s ar EETPEYH g ure a very high integration density. It is
thus possible to dlrectly contact sem conductor conponents or sem conductor
chip packages W t I d-array r fine-grid-array-package '
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Phe met hod of 98808 e AndkY 18RFof ey Fiia e Ay BrRonaEts seeF 2budlhe
formed in thevidiseThigtoontrasts with esrmviehtionsl Siropie tatieathat bR Hadaford@mount i ng
and renpuntingoof the circuit_ carrier in the nanufacturlng pl ants being

required, sucROPPRIiCladimaie ahalhis pagis fopreypntdnsgst VB@QWQ%% ndi vi dual
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unnecessary I'S agal n |nproves
PCT/ EP2005/ 000B9Ets sxxzthabéus l@@dayasessrblsrtemmﬁmtummme@llahemoatrsmﬂ ated with

such denmountin GSAT - The dielectric is preferably

deposi ted ont 89?%%3"@%%%@&8&%'}\@%% A ranner 5 that the roughness at

t he phase boundary between the dielectric and the circuit board is very
further circuit, by depositing

not her | ayer BB ¥ids cGRBoR a 4R O BT HEehesi 9 BiA Bolacdie Yand 1 11 o
vias. Thigs COBéﬁﬁéta'ﬂy\ﬂ‘gl;hf‘b&ﬁH‘Mﬁ'ﬁb'rﬁé@l |laGf ©Uhk d%aééth@qssaéma@e@nﬂqé?@@eﬁ rom a
copper clad nateri al ermts to prevent uncontrolled | npedance
found out that copper deposited in the trenches and vias adheres weli to the
walls thereof. As a result, the circuit carrier formed is highly stable to thermal
and mechanical loads. This is achieved i.a. by the fact that the circuit traces,
which are embedded here, are subject to smaller shear forces than circuit
20  traces provided on top of outer layers of conventional printed circuit boards. As
the trenches and vias are completely filled, the circuit carrier also features very
good heat dissipation properties through the creation of a solid metal plated
connection, preferably copper plated connection, from one layer in the
assembly to the next, while simultaneously forming the associated conductor
25  tracks. Moreover, usual defects at interconnects such as dog bone pads or fan
outs as well as residual rings could not be observed. It is moreover possible to

produce impedance-controlled conductor structures,

The exclusive use of an additive process for depositing the metal in the

30 trenches and vias in the dielectric dispenses with the etching steps for forming
the conductor structures. This is another reason for achieving a much improved
definition of the conductor structures and, as a result thereof, a finer structure

thereof.



10 fluctuations and nore specifically undesired capacitances fromformng in
the circuits so that it is readily possible to manufacture

i npedance-controlled circuits using the method of the invention. By filling
t he vias an@oentsadeisng the circuit traces in the diel ectr¢uER2895m00698 15
particularly tight bond of the netal |I®yer to the dielectric is achieved. It
has been f ouiie enchdsanddppare d@pp@t@lpﬁlfémwlthenetamfmmuamdowmazéoradheres
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excl usi ve us@CHVEH ILHEIGNrEeE AHO MRS $16COHBEEEAP RGCP R 8fet al in the 30
trenchesignd vias in the dielectric dispenses with the etching steps for
form ng the conductor structures. This is another reason for achieving a
much i npr oved hedasthed efdhe dtventien inosratelieetiva and raaddy manageablealt esul t

thereof , 2 TipgkLe Rl Wicinal BREERIed AR ATE0BRRCR EFRARP NGRS 13

The trenches VI as are co rmng conduct or
structures t rws&nomngT@nsrslckmhg dptical needgrition, defeatdtionadnel lapert he manuf acture
recesscgwnﬁ mor e secure

of circuit carriers; th\g co&le%eh%/filling%g)e .
bondi ng of t RECOMBQHation (MHRICgISIatPR) TR LA0ESY 1P EHBPRYT r‘?V?WeS'W 8s is made
possi bl e1ghangydr. Ff'éegr’éat/h@ﬁbéﬁ@f by &R e provied tﬁ@tncb@amrﬂto@kryesfel Iled with

metal, but rather cover the walls thereof. By conplet ling the recesses
a large cont abiferanees rasiuien soRNEASatig srRiEertions. E'ﬂ@ cirevibirageewihsmaje -

connect ed. Thiss-E0RNEDeRFELEEN BSRLRLIBRR Ldhstruction therefore face a
technological chailenge. As a result, the cost for processing increases with the
number of layers and the circuit density. The method of the invention permiis to

20 reduce these disadvantages, thus reducing the reject rate and the cost of
production. For, by using the method of the invention, two-layered structures
that are formed on either side of the dielectric layer by performing once the
method steps a) through f) mentioned herein above can be produced
advantageously in one step by unique positioning through copper filling by

25 electroplating. Two positioning steps and two electroplating steps are thus
reduced to one step each.

Successful manufacturing of finest conductor structures is more particularly
possible because vias are used for contacting different planes of conductor
30  structures. This offers a number of fundamental advantages over the use of

through holes.

As is well known, through holes must be designed from the beginning to have a
larger diameter (at least 150 pm) depending on the depth since with increasing



thermal stress, like during soldering or chip bonding. The sane effect is
achieved if the trenches and vias are connected to each other. 10 The
nmet hod of the invention is cost-effective and readily manageable. In
manuf act ur i wgo posbdTsksyered printed circuit boards using eemepidosoieds

nmet hods, positioning errors during optiscal recognition, orientation and
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) “hent i oned REVBRTPSRRFEICE fmpR o P S i webiqr ohhe ity
uni que positi eidrBbré an@ugboﬁmmg tﬁé brbhétte P Phedligstd empbingdin 4Wo
positioning steps and two _electroplating steps are thus reduced to one step

each. Successfandlaagigsit dhingneres peignliceohngtaase isondueioepackaging e
particul aghy r R fferent planes
of conducﬁ%r -dgggg%ucfﬂggyéﬁ ‘%e@gpﬂPﬁﬁn%ésrsg&aﬁﬁhd\gﬁ%%al advant ages
over the use cbnsidambligh hol es. As Is well known, through holes nust be
designed fromthe beginning to have a |larger dianeter (at |east 150 pm
depending on the depth since with increasing WO 2005/ 076681

PCT/ EP2005/ 00Q§88 3 fitdt i bf édndeeerseaciuesmisBdry riiderin iis iefichid splt to
forma through-plated netal |ayer using wet-chem cal netal plating nethods.

Addi tional |y, erﬁH’aﬁugﬁth@'sStr%HQ'ﬁ lsyd&@ﬁﬁw%btr%@e&m fitadoyias. fHRBen ower rim
annul ar 1y 89S i r&aﬁ% ﬁéﬁorﬁ%ﬁeéh&her Yleehtid SeiRg epdsidd oitbitHEt Uri ng

t he conductive pa ter comes
dielectric of the circuit carrier comprising the conductor structures being formed.
Said dielectric is then preferably freated according to the method steps b)
through ) in order to produce another plane of conducior structures. For this to
be performed the method of the invention may preferably comprise the following

20 further method steps which are performed once or several times after method

step f):
g) Depositing another dielectric onto the dielectric being provided
with trenches and vias; and
25 h) Repeating the steps c) through f).

The other dielectric may thereby be made of the same or of another material.
The method steps described can be repeated depending on the structure
desired for the circuit carrier. Finally, a terminating layer can be deposited onto

30 the outer planes of conductor structures, for example in order to protect the
bare copper surfaces of the circuit traces from corrosion or during soldering. A
current secondary resist or a permanent resist, more specifically a solder resist,
may be utilized for this purpose, said resist being for example structured by
photolithography.



5 The di aneter of the holes, which is |large anyway, is thus further
increased so that accordingly sized areas on the printed circuit board or
in the various planes cannot be used for form ng conductor structures. The
nmet hod of twe 2boswess8i on therefore all ows connecting thepdmeneigsesand t he
vias to each other in a |andless design. This ensures a significant

i ncrease in conductor packaging 10 density as well as broadeni ng the overall

rocess-oper ndow consi derably. After rst ane. of conduct or
Etructur eg hglléwdg’eﬁ”u %’W‘H ﬁrﬁ‘éesdﬁlﬁé’édr‘i'%s ngferﬁgynh%p BreliBe structures
such as circyjihehsiaggswiaifof the! @Guidses:f41d heyo Ja; HBrg'ﬂPQf t%%ﬂ%ui@ﬁrac&e

performed, another dielectric being deposited onto th dielectric of the
circuit carriet0 C&Qﬂ-imsﬁhﬁ*@@ﬁ"eoﬂbﬁd’lﬁﬁt 6r10st Bl ¢iurleBgibetiige viesn®@— 138ai d

dielectri Q]g,cﬁg b)
t hr ough f)c3 ﬁmtc'):‘@ gr%%%o uce er P anﬁeH %%h%gﬂ% Ct %E?é{s}ﬁgg%thgﬁ@% For
this to be ﬂ'éra‘aheleetmctthplcam hasiadhlckm@sioi\ﬁﬁn-tila@pnay preferably conprise
the followi ng 20 further method steps which are perforned once or several
times after method step f): g) Depositing another dielectric onto the

di el ectric berpgudin@yicfleHes vhd Nidsif e 8@l Wepsty @86 c@ﬁdﬁ)seﬂﬁéeat ing the
steps c) through f). The other dielectric may thereby be nmade of the sane or

of another naredigion OfPﬁ@Qi@%Hﬁn@'ie@p@dd‘é%%rmmnﬁérﬂﬁtﬁéeﬂcéﬂéﬁﬁ‘élﬂgéféﬁendl ng
on the St’lb““f%‘frﬁed ﬂjl%? on? g?%%l}c{éﬁé Ou(égr%t& ({tu:% arg'f&grh%:c%'the?e u%%%at' ng

| ayer can be osi ted es of con or str ures, for
exanple in orrelmlt tlherqnfmaa'dtstmb’exre&ammprisipgerrctsmralmmtbmllemmasj If the viag r aces

fromcorrosion or durjn | derin A .curr.e seconda esi.st or

er mnent - r egPuBspait 15 BeaBickfes B ng b el P8 BoRa SEtiadsRa for
thi s purpose diffabflt piggesbf Sidigidrasirneas®l e structured by photolithography.
WO 2005/ 076651 PCT/'EP2005/ 000695 15 The produced circuit traces and filled

vias preferably have the following dinmensions: width of the circuit traces:

< 10 - 8Q5PMAfe NP blanR%fHonGHbfor Hr@&6%s is made, the printed circuit board,

which fixes the dielectric, preferably remains on the dielectric during the

- formation of further planes of conductor structures.

The printed circuit board also serves as a carrier member for the signal layers
20  being formed in method steps b) through ). It may for example be a multilayer
or a semiconductor chip. The circuit board preferably has a sandwich structure.

FR4 and FR5 material, High-Tg FR4 materials, BT resins, cyanate ester resins,
APPE, EPPO, RCF, LCP (liquid crystal polymers), PTFE, polyimide can he

25 preferably used as the dielectric. FR4 materials are particularly preferred
because they are cheaper and may be processed more easily in a more

reproducible manner than the majority of the other materials.

The afore mentioned materials are more specifically filled with filler materials

30 providing dimensional stability such as laser glass (Isola, Dielektra) or
Thermount (DuPont). These materials advantageously provide the multilayered
structure with dimensional stability. In the case of glass ihserts it has been
found out that uniform ablation is possible by using flat-woven glass (Isola,
Dielektra) with an absorbing coating.



< 10 - 50 pm dianeter of the vias: < 10 - 80 pm length of the vias: 50 -
130 5 pm wth the maxi num hei ght corresponding to the thickness of the
dielectric. The dielectric typically has a thickness of 50 - 130 pm

Pr oduci ng t memedege7eesid vias in the dielectric thereby al pergetisbmes the
production of conbined trenches and vi a8, neaning that trenches having vias
10 forned therein are produced. Conductor structures are forned thereafter

as a result thereof iLd ruct ur r|5|n C|rcu filled
vias. If the 95823@8‘%%36@?&”?%@52%”% N&PH@ POF?@ eqa\é\n agk@]/ can
contact circubhe sidaowith b@ppéila‘nﬁqyreptegel(ﬁ@letﬁll;oéure@r(dta@b%) gbéyﬁﬁwmét 15

After the first, &Iane of conductor structur the printed circuit

board, whi chf§ieseeed RB4dpEn dararsmay perudf 39 méﬂﬁfaﬁg”@ﬂih{? Rer@f el ectric
during thes fgy aﬂ@ﬁélgn of further planes of conductor structures. The printed
circuit board serves as a carrier menber for the signal layers 20
being formed in nethod steps b) through f). It may for exanple be a

mul til ayer uit board preferably has a
sandw ch st ru@?ﬁlle F@éﬁﬂﬂ%ﬁépéﬁg?ﬁgfzgﬁpgﬁ%ﬁgh Tg FR4 materials, BT resins,
cyanate ester re5| ns, APPE EPPO RCF, LCP (I [ C]UI d crystal poI ynmers), PTFE,
pol yi m de ca - . , R4 nw 3
particul arly b@f’éWé?erVé@ Of'@é?dfi&@%d W'Hb&opﬁﬁe H’é@@f@@ and may be processed mgre
easily in a J| ratrer—t-han—th Fred—et-H t-he—other

materi al s. T%Mf%?'?‘?ﬁa#ﬁi%ﬁ@d materials are- ;‘B?eéﬂ’@ﬁeﬁﬂ%gl ly filled with

filler mater tATNg di mensi onal i astaser grass
(Isola, Dielg E? ée‘?m)unt (DuPont) . %?’sgé?bh; eri al s advant ageously

provi de the mgtm@)@efgeml sgiipugt ure with digerabenas, -@{) Apydecty. Tn the tase
of glass inserts it _has %een found out_that uniformablation is possible by
usi ng fl at - whikérN4p08ssL 1,1 7g0178°C Di el ekt r a)| BAL NAOBXE abs g iirerg coati ng. WD
2005/ 076681 PCT/EP2005/000698.- 16 For example the following material

conbi nati ons 66%50&&55@1‘91‘185& erial clad ch5 Uﬁ@OOSBB.eTgM&ﬂ’iCcopper and
prepregs (no—fuH age—B)y—gtass ber—fat—retntorced—FR4—+esin
| ayers) may H8o u‘f’f’%ﬂﬁ%ﬁi\%bﬁanuf acture t hq B@aAMELEX KCL P

10  If such type carrier elements are used, they may serve as a basis for vias. The
metal layer for forming the vias may thereby be used as the stop point i.e., as
the landing zone during laser ablation. The printed circuit boards or
semiconductor chips may be contacted through the filled vias. In the case of the
printed circuit boards, the vias are made in the dislectric at those locations on

15  the printed circuit board where metal areas are provided which are electrically
contacted through the vias. Further the method of the invention permits to form,
concutrently with the upper circuit plane, a second circuit plane on the bottom

side of the carrier material.

20 The method of the invention also permits to manufacture multilayered circuit
carriers by assembling individual carriers that have been treated in accordance
with the invention, said circuit carriers being optionally continuously connected
to one another by solid metal. For this purpose, a printed circuit board that is
provided on both sides with dielectric is utllized so that circuit planes may be

25 formed on both sides of the circuit board in the manner of the invention. Thanks
to the solid copper connections between the layers, the circuit carrier is



5 materials: Table 1: Exanples of material conbinations Lamnate with one

side clad with copper Prepreg Al. Laserpreg, Tg 170C Bl. Laserpreg, Tg 170C
A2. 1S620, Tg 200C B2. 1S620, Tg 200C A3. N4000-13, Tg > 21000 B3. N4000-13,
Tg > 210C wh20b8l66316 LD, Tg 175C B4. N4000-6 LD, Tg 17BCI/EPH0s/ddbé¥80 BT, Tg
185C B5. N5000 BT, Tg 185C A6. AKAFLEX KCL Pl B6. AKAFLEX KCL PI 10 If such

type carrier gdrtomaip r@s’lﬁau‘smﬂefbtmatmmncsbrsmcaslnaemmestd@tan\g'eam The
metal |ayer for formn as the, stop point i.e.

t )
as the Iandltﬁ@%ﬁté‘r%lgwg%at\tﬂﬁ?g%&%\é ag(egrag %@S%%gﬁ%ar%ert&tﬁt boards or

sem conductor chips may be contacted through the filled vias. In the case of
the printed circuit boards, the vias are made in the dielectric at those

| ocati ons on 1t diglehiic s saickired lydasms alptione Tbe Hienahes aed ¥iagruoguesd ke d
whi ch ar e gel eé’élétl&?%tley;greﬁ?r%ﬁ}%‘ﬁﬂg&r@'&i‘ﬁ%ﬂt#ﬂﬁ%%‘nﬁ% V@Haéeeﬁké lt:‘c?tcﬂ&% kﬁlﬁisane a

the invention perm ncurren er Circui
second cir cwfacqhtaﬂa@ttmteleb’eoiym tdeposiigindel etal methedrariches ndemaammc@tmeThe

met hod of the,i |on . permits, to manufactu tilayered circuit
carriers by a% IH@”?WE?%F%%HSH%@Pf?%%%gﬁwgﬁ &Hgﬁhﬁﬁop BQQed in
accordance wth the I nvention, said circuit carriers being optionally
continuously connected to one another solid metal . For this purpose, a

printed circuier geeablatin, q“@cuﬁf-"'@@tmséﬁ lassr Hokl may b@l(i”fﬁecéﬁdeq?@@ttmc i's
utlllzed o t he
circuit bg)ardd]éltecﬁC(raﬁ.Prrlgatﬁr?nﬁgrE § t@?ﬁ?nﬁ@gﬁﬁpgﬁééﬁ%ﬁal%%& e soqc]]'I §copper
connecti ons bHamemrderetol pmélurse, thehab lefiancstiuctwrasr ingthisi cas@OH200FH OFR6IS 1

PCT/ EP2005/ 00069 art |sta t 0, def or nmat i nd t.0o shock,
nsensi tive teseheRBdE ol FBehaR) ity cou o kst onetiRas:

di ssi pation psrefeydd tﬁ&he}saﬁem t@'b@ﬁrb'cl@cé& IR tH&ISEeHRCARS (HREEIfodlMiag | on. The
trenches and vi as producemﬂg@ﬁéga ation are preferably confiqured in an

appr oxi nat e \RrepegH, this e therpiederred afternative the laser beam in-focus is
15  guided over the surface of the dielectric so that the embedded structures and

vias are formed by the "writing” laser beam (direct-write technique). This direct-
write technique comprises scanning a laser beam across the dielectric at those
surface regions of the dielectric in which the trenches and vias are to be
produced. For this purpose the laser may be deflected using high-velocity

20  mirrors and adjusting the laser to irradiate it at different angles onto the surface
of the dielectric. Further the energy of the laser is controlled during ablation.
This allows the production with the desired planarity and precisibn. in-situ
registration abandons all other traditionally required registrations and all the
photolithographic processes as well as circuit definition etch with the known

25  draw backs like under-cut etc.

For structuring the dielectric, lasers having laser wavelengths more specifically
in the UV or in the blue visible range are utilized. Well suited lasers have laser
wavelengths of 193, 248, 308 and 355 nm. Suited lasers are Ar ion lasers or
30 excimer lasers. FR4 material may be advantageously processed by the
projection method using an excimer laser with a wavelength of 308 nm.

Considerable enhancement of ablation speed can be achieved by exposure of
the dielectric fo a reactant gas, for example an oxidizing gas, more specifically



facilitates the electrolytic deposition of netal in the trenches and vias
since the depth of the notches is small with respect to the width of their
openi ng. For |laser ablation, unfocused or focused | aser |ight may be

di rect ed ontwo tdesro76édfl di el ectric. In the first case (projpe¢iergisMoeBess), a
metal mask is additionally wused in ordé&r to produce the ablation
structures. | oxydersorcaaiiogehexidd, oc lisethe dreisemybsther gss whintiuvetetd withribggh t he

nmet al mask conpri Si.n i nes enin rranged in the pattern,to be
produced. In H%éecz%%g]n%”@a‘@iat%rqagé%%?'ﬁ%gﬁﬁg}“r %???c%@ﬁa% IBIRTUGRIMHBY bei ng
the preferredcahtaer with twedieldtid asticelsramanedueBusith Fradatiiy Wediquetict he
surface of the dielectric so that_the enbedded structures and vias are

formed by theSUR@Ga WRlthe laser ligda e a5 BRY-oF pxampledimblgwe)oveTrtiss direct -
wite tech?i AHRISREPE Whg%@og%ﬂ beam across the dielectric at
r 0 edielectric i

t hose surface regions e IcC in which the trenches and vias are
to be produced. For this purpose the |aser may be defl ected using

hi gh-vel oci ty-20 m rrars and adjusti the laser to jrradiate it at

di f ferent angirég diglogtric H‘éae}gﬁ?lf'%l%e%'l@f‘g%trﬁ@%’&’glvﬂﬂ}"i‘ PH!seﬂa??ef{efh? he energy of
the laser is gewdrtadé eebreofis tigatahé atantity of FblaferdicReEid Matdi=pdagbeon Wi th
the desired planari tig and precision. In-situ registration abandons all

other traditi 8A4pied @Q'@PF%W@%P!&"W&{ ST CARY sngledager pyhsst BEUARBEr aphi ¢
processesi@s WefidePSmBLACH dndiGl. IR0 %&ﬁilavéwatﬁ}e&egrﬂﬁﬂ%%@éa&f thacks

| i ke under-cut etc. For structUring the dielectric, lasers having Iaser
wavel engt hs nihvedasgrdesam isalrtagiated at Adetevmined iradladioblisite withsa breviaushge ar e

utilized. WVell_,sui | aser s; hav ek, . el enat.hs of 193, 248, 308 and 355
am - Sui ted | agapdalEufBE Sy A GRS Tois YR B Biuiar kg HhneBRY ol ey

be advant ageodgd yiaglinoasshehidpridees opeaitien tpoeBibies baeduss tHdpdseEigerer | aser
with a wavel ength of 308 nm Consi derabl e enhancenent of abl ation speed can

be achi eved bfc@RgESREsENediRsreiene diglpelrie.ovhle adiuelii theanergwamekahpl e an
oxi di zi ngygasgs ’Eﬁ%ﬁé’sé‘ﬂf‘e%' Er%iét&d%l@&ﬁa@é%ﬁé oPthl @%@?t@%@%ﬁd oS Oxygen
e, or ftl I'ch react

or a nitrogen oxi uorine or to any other gas s wth the
di el ectri c t othectently of the frencheadradnias tofe prodiuses theyeby setiagdhs numbler ofight

E[ Eteodi g?gg? ﬂ @Vsme;[' Bul%gg bgin?gl iﬁ%{ai(ecd t%usrafic? gl?rfascien%'rleta?’?ﬁgr%%clarg, Wattperiicwig 90' g(tai ng
formed at a certain surface area less laser pulses are required to form same
than if a via is to be produced, hecause the latter has a greater depth. The
20 same principle may be employed if a continuous beam laser is used: In this
latter case the power of the laser beam is adjusted to depend on the depth of
" the trenches and vias to be produced.

By selectively irradiating a determined amount of faser energy in every single

25 pulse, the material may be removed gently. During ablation of the material, the
amount of energy may for example be progressively lowered from an initially
high value so that the material that is not removed from the walls of the vias and
trenches is largely prevented from being damaged. As a resuit thereof, a
defined depth of the via may not only be achieved when the via ends in a metal

30 base layer but also when the via ends “blind” in the dielectric. This also makes
the generation of smooth recess walls possible. For this purpose the laser toal
may also be used to prepare the surface of the dieleciric prior to further treating
it for metallization (laser polishing). The latter especially ensures high-frequency
conductors with very narrow track tolsrances and high resolution.



surface with the laser light. The gas may for exanple be blown over the 5
dielectric surface during the exposure. The dielectric material is
preferably removed with a pulsed | aser. The advantage thereof is that the
quantity of wbhes®tkesli el ectric nmaterial can be adjusted dcin@6R60e6kICi bl e
manner since every single |aser pulse imcludes a 10 defi ned anount of
energy. In order to achieve a predet erm ned abl ation depth, the |aser beam
is irradiated at a lgeterm ned irradiation _site with a previ ous%%o cal cul ated

number of | aséASHLARBECN Maydonexararies RYIGHEECdn adtosseatip@ nAdd of and vi as

in one singl eoaéeﬁieﬁsr@pmﬁ@ﬁu@ese%ﬁ#s@bendieeq:%ﬁewééﬂe f@%é@enkf?é@ubsn*&@@m can
be scanned across the dielectric a@gr usting the energy anount 15 of

the | aser beaﬁith'?fr%)dﬁ)rz@ﬂ%@loﬂ(ﬁrtbdéhglﬁ&eaéiée feeusing pracegb esa ﬁrﬁh@hﬁﬁ)b%l&@)end on

the depth of PRSoHERNGAERRT L 2RalP I Ea M L AL NELEMRERL g the nurber

of laser pu rra ace ar ea. ere or €,
trench is to ltlencrh@nsr isefdrraed,ahess tranchezLivdiag elsaeaferatsly oriasted tplb!eqma[asd e

required tof a a,vig is tg be ro-u d, ,because the Jatter
has a greater QJI@%‘E gﬁﬂ?ﬁe”%‘f&%‘“m %?F’cﬁsr?)”‘g‘ P‘@ﬁg 9‘8(?({@ aéf'gieo?ﬁ’JPﬁuous
beam | aser i scuspgle va tme&redcabéer tHeaR et 5Lhﬁilé’ﬁiﬁ%rfopéxérhﬁle| beesefmb@@m s

adj usted to depend on depth of the trenches and vias to be produced. By

sel ectively i Proigetan !ﬁdh%dlﬁéft@ﬂ@r{mfoé#ﬁ@mpl@dﬂ qr@s@aneﬁea@gstdaseémpy singl e

25 pul Se’1t§ u@ﬁibo m e'n ralﬁ/%‘éﬁtl%?é}folnyoftl%’gle tﬁ‘@h?&fiﬂ@q%frnf

mat eri al or exa rogressi ve ower ed
froman initi wlthyesmecghomé tmﬁannntdmmoet. kree immcérelsajf thél&bccbrsd hmtdle; eroved from
the wall s of the VI

t d f h d d.
e bse O R T 8 e SRS R0t Ah ST B m e e rertohes, et Bk, oy ag®
when the via éaﬁi@rréhﬂ? foRhad si%@ebéée résﬁmecﬁf rbyéatéa%se\%mtbhem\s'r@nwfal

“blind" in the dielecfric. This al so makes generation of smooth recess
wal |'s possi bl & remavedrTem tiegsoareas fean temrthe @f@nch%wfétd@oofﬁbe 0owds e prepare

the surfage of %J%%cﬁ%r?l thCf(SYll %}Le ﬁr%a[a‘tgc} By Bgm Q‘H Aer Aid BR the material

metal | i zatlon aser poli ter es y ensur
hi gh- f r equencygf theadidectris; themvlahm@rl}aweaaﬁmhnesamettcorresmlmtodhel hi gh

resol ution. V\Qﬂc On%Ss/s'.()?%'?Eg&leF r/[CEP2005/ 000698 19

If the method described herein above is carried into effect by the laser direct

20 focusing process, any circuit structure having vias may be manufactured: for
this purpose, the laser is guided over the paralleled trace areas on the dielectric
in which trenches are to be formed. As contrasted with the principle described
herein above, the laser beam is only directed onto the dielectric if a trace
segment is fo be formed at this respective location, with the beam being turned

25  off if no segment is desired there. Of course, other scanning modes are likewise
possible, such as guiding the laser beam in-focus along a projected path which
marks the recesses to be ablated. If different depths are to be generated in the
recesses the laser beam is scanned along this path at different velocities: if a
via is fo be generated the laser is scanned at a lower speed than if a trench is fo

30 be generated. Such procedure is necessary If the power of a continuous laser
or pulse sequence of a puleed laser is set constant. If the power or pulse
sequence may be varied with time, the scanning speed can be set constant and
the energy of the laser beam be adjusted accordingly as to the depths of the

recesses to be formed.



Laser ablation may for exanple be perforned in a cross-pattern node of
operation. For this purpose, a first bundle of trenches is forned on the
substrate either by projection or by the |laser direct focusing process,
sai d trenchwe 2bmsiongsb preferably oriented to be parall elpdigeeashosbder .
Next, a second bundle of trenches is fornmed, these trenches being al so
preferably oriented to be paraIIeI to each other and intersecting t he

trenches of t first bundl e n an | e of.. for anmpl e 0. renches
of the first &tfécﬁﬁvgfg‘tﬂ PuSHE deppriss WO?%QP P?g?? t’?\“‘t

diel ectric | widg ! @I‘deﬁ%@l’mbl%verth@ lb@n(ﬂﬁhg@,ﬁ'eh?th&)ffthé SicthRiggsr DR wellsUhleng a
bar mask. By subsequent rotation of the dielectric or of the bar mask with

respect to t HRUSTHBA%AISSIPREEeated hefare iR AUBCORYENS aRplisHd RIFRTR are
produced isn %Js?ﬂéa{}??o&e%%%llﬁ&?by Blchbhfca t%gpﬁ;gﬁsﬁoeas RlayReufizBagGes, vias

are concurrent rne Sl nce asS a resu eaf ed ser a at I on, nore
material is therm.ve@sa N%ﬁh-mhmsslea!am;aneat thngmmamam@malsesbeomeﬁ iddieuf t he

poi nts of 15 e endi n n &t ener of,, the | aser
nd on the et s RESTS AXme PRt bpRpd A SIS RS Hin il Thac
corresponds tpbrmlangamtecslenﬁm followwdiebylb ek dwdtivh Gstep fortrbmovwggh@dumgcr i bed
herein above is carried into effect by the |aser dir focusin

process, any BaRZANasedNEe-[reTort\HeRIING 2ReHR P HESHR rfCéﬁﬁnﬁeJherw?l% this
purpose, qghe &éﬁﬁadltlénﬁg‘nﬁ&@g@n&% Jrd ?@ hBlr66kd forRBh %@gﬁ;ﬁ@?

dielectric Ich tr e to be Torned. As contrast th the

principl e dedaydrbed herein above, the |aser beamis only directed onto the
dielectric if atrace segnment is to be forned at this respective |ocation,
with the beam being turned 25 off if no segnment is desired there. O course,

ot her scanni Fﬁgte‘@@ﬁér layer rblfdmm&eccqm@:aglt@kﬁowﬁmétha@s byipdifogmingea | aser beam
I n-focus along a projected be ablated. If

di fferent deptafdmegpwitl “'l?éalg'-"é’l’i’é‘?tgf%d”‘?rﬁ ﬁpﬁéﬁ'cﬁlg’c‘éég ggﬁ%ﬁ%‘*&i@@?"ﬂ?@@nﬂrs
scanned t-,on%m e Palidtidh a%'ntétetsemﬁ?régééee.r&é@zpdmfzmn ¥ Bdig/ot

generate er 1s scanned If a trenc |s to 30 be
gener at ed. Suuwbisgtive cellnidatiivatersdblsapgct fAD hp%iv%paldﬂdlmd@ﬂnﬂhubwéhl aser

O hon e eGB! s BHSTE0 A Ryl SADFER ord it BEBERELrRY o
the energy ofofiplyerol asthliophenedbef defivativesl traereal (Sietml® Atstetio) drhwitideatba of t he
suspensions (Shadow®, Electrochemicals), or by sputtering. Neopact® is
20 particularly suited for metal piating PTFE and polyimide. This process
comprises applying a paliadium complex of a nitrogen containing ligand,
preferably an aromatic nitrogen containing ligand, e.g., 2-aminopyridine, and
thereafter reducing the adsorbed palladium species to become palladium nuclei
with a borane reducing agent, such as sodium boranate (borohydride) or
25 dimethylaminoborane. Furthermore the primer layer may be deposited using a
direct deposition method such as an ink-jet technique or a micro-syringe or
micro-pen technique or a laser aerosol technique. Such direct deposition
method may be used to apply an electrically conductive coating or a coating
catalytic to electroless plating onto the dielectric surface, for example by
30 spraying. The primer layer may be deposited by any of the methods mentioned
herein before onto the produced structures only or onto the entire surface.

Thanks to the primer layer, the trenches and vias are preferably activated in
three dimensions, meaning also on the walls of the trenches and vias.



recesses to be fornmed. WD 2005/ 076681 PCT/ EP2005/ 000698 20 After
structuring, the primer layer is deposited onto the walls of the trenches
and vias. In order to inprove the bonding strength of the netal |ayer to
the walls, wioeoodwatdser may al so be pre-treated before thecperaevoobayer is
applied. A plasma 5 desnear process fo! owed by a chem cal cleaning process
may be utilized for this purpose Wet - chem cal pol yner etching processes

may al so be uysed in |ieu desnear roce r.exa Ie an

ot ohing.pr ocdbon aRbafthant setnennaRER s SRR BRFOSFREH STRE e er educt i on
step for remyirR@emaybeiregoveRagane e sitamplr@lEY I4seF BBRtios! RANitRg sik@ent s are
used for cleaning. The walls 10 may addi ti onal be conditioned to ensure

i npr oved f or i@t B@V%’ﬂo’ftk?fterb?tfq@ﬂre‘jlbﬂﬁ%rﬁ bWHEBrrﬁtﬂW seuifet thege fopmfe he
accordingg toﬁﬂ?ﬂﬁ%ﬁl@ﬁqﬁ tl%’tr@ﬁél’[é%réﬁd‘\ﬂa@ Ad fh%%@?%f‘%g Fshthgﬁhag f}feﬂd}fat ors,

nore specifi obl'e net activators, for um
activators, nmoel)sfpe’neﬁmmmel JedbCl FEHEl - or PdX2/ organic protective colloid
activators (Neopact(r), Atotech; X = palladiumligand) or with nonomner
solutions for form ng conductive polynmer |ayers, for exanple solutions of

pyrrol or thijppleedefeerofm rth&@‘tep@ﬁdéﬂ&%ﬁﬁgfa ﬁﬁﬁﬂbﬁl@@ébtha%@ioﬁ@@)anewla@th
carbon suspensions (Shado , El'ectrochem cal s% by sputtering.

Neopact (r) i 9n2yiraamnle ﬂ@%ﬂi’%ﬁ@b@ pglivatedy Oétthehﬁilﬁﬁtﬂeahd pol yi mi de.
This proggss m@%&%tléﬁﬁngﬁﬁh&g f8r Bdrh g'vﬂfﬁ @Qggh%sm‘ @mf%'dtdlé%?&ﬁcs

containing i preferably an aromalc nitrogen containing [Igand, e.g.,
2-am nopyr i dlﬁwthamrp@mwaﬂa@ces ol aire (erndeced disoirisaly parhditmﬂvelrhhrspyml es to

becone paIIa uch odi,u

bor anate (bor dFr%@f@?ogﬂ%%&%%?@pﬂ%}ﬁe g?rg#%ﬂgg%a{ﬁgﬁp%(ﬁ H@h W%gsgl}'i mer
| ayer may be tHepesiches ang iviegs. mrgdmm@@tynwpeach ae higvRithg dhisurhiyiened for nk-j et
technique or a m cro- sbérl E cro pen technique or a | aser aerosol

t echni que. SUREMRIE b He"b’g |pc“P ®%et hod may be used to apply an

el ectricalgly conductive coating or a coating catalytic to electroless

plating onto the dielectric surface, for exanple by 30 spraying. The priner
layer may be Tgroshe metajayanys gepositedita duspimat layaeby electroless andfor

electroly’uc (wet-chemical)} plating in such a manner that the trenches and vias
are completely filled with metal. Pure metals or'metal alloys may thereby be
'deposited. Copper or copper alloys are preferably deposited. In principle, other

20 metals are also suited such as for example silver, palladium, nicksl, cobalt, tin,
lead, the alloys thereof and the alloys thereof with other elements such as with
antimony, phosphorus and boron. The metal may be deposited
electrochemically by using either direct current or pulsed current (unipolar,
reverse pulse). For chemical (electroless) deposition, current copper baths are

25 utilized, for example baths containing formaldehyde as a reducing agent and
EDTA or tartrate as a complexing agent.

For the uniform electrochemical deposition of copper in the trenches and vias,
baths are preferred that feature a small throwing power for filling the vias and
30 the capacity of uniformlly filling structures like in pattern plating. Using
electroplating copper baths for forming the metal layer, current copper
electrolytes are for examplé used, such as a sulfuric acid copper bath. In the
sulfuric acid copper bath, the copper concentration is preferably set to lie at the
solubility limit. Concentrations of 20 to up to 40 g/t of copper (preferably in the



herein before onto the produced structures only or onto the entire surface.
Thanks to the priner |ayer, the trenches and vias are preferably activated
in three dinmensions, neaning also on the walls of the trenches and vias. WO
2005/ 07668 1wRCTIHARRB3D5/ 000698 21 I n one enbodi ment of thker/Erroesnionedr, the
prinmer |ayer applied onto the entire &urface may be renoved again, for
exanpl e by | asemn dilcbppesyifate)anny be usiiizees Thehahayhfuvidenobniagresulfitricesidined

before by l.aser abl ati.on so that there is only . the 5 priner |ayer Jeft in
the trenches %ﬁﬂ“‘?ﬁr&@mﬂﬁf"ﬂéo%pﬂp' qsa‘ﬂf%[fa? E‘#‘H@ﬁ@é‘&&q'{%d?'gr’tb’sié‘ only
formed in thesRptdBa)-dis@age disosiadalobt febhesntiNBntdi®. StEP milfl. IfRASEL I Nng a
primer |ayer the trenches an exanpl e a ared to.,

d vias may for | so .be'preg

activated forsydfeassplyaiviene aliwxiatas 31 e allvgydea kdidsrivativesriperesk &ipl e
wi th UV-1ight j ' ' IS ke 0¢ bst ances t hat
are renderfgd eé’fﬁ%’??@%ﬁ%/%ggﬁgﬁ%ﬁ: ‘%/&rééof%rao%g en?rg{suzrr] Brﬁgazfaa@gn may for
exanpl e be deposited onto the bottomand the walls of the trenches and
vias. O ganic-pol S S s his- | .thio_acetyl ene) for. exanple
exhi bi ¢ Such FamtirrdeetEBieliahe paBbltia g ol S fliiaifligebnt o t he
primer |ayer MCééﬁﬁ%th&aﬁ@dj particmbeb@m@fmbtyiachénrwntmﬂe@émﬁr)dq wediddng in
such a manner that the trenches and, vias are corrp}jetely filled wth netal.

Pure netal s ovith Hig elpcisplyts leing supHisdda fhe materigl &4 higkaspeesmet with  copper
al | oys argg prlﬁfdf&ﬁl@u}’atﬂﬁ osited. In principle, other 20 netals are al so
suited such as tor exanple silver, palladium nickel, cobalt, tin, |ead,
the alloys thereof and the alloys thereof with other elenents such as with

anti nony, ph hor us and boro The et al be .deposited . .

ol ect r ot hen JLPIPel e et Prer 08 iR orlf e (5 RRTpLE R tng ciaigptric so

(uni pol ar, rigvbmeealpiabsRl onfydorrméem balrehehes bhalvissds gesnst dfivast, current
copper baths are 25 utiljzed, for exanple baths containing forml dehyde as a

reduci ng ag_erﬁheé‘f‘iaal FEPPAItigR. XFSE JPYALEORP R M Ke§ MRy eA 2oafuiromMHBe uni f or m
eSS AR Ot SRRSOl SRRl D21 e
‘ planarized surface with conductive ?copper) being substantially flush with the
dielectric surfaces is formed. The etching step is preferably performed at a
temperature ranging from 25 to 45°C. A chemical etch solution is preferably
used for etching. Alternatively, an electrochemical etching process using either
20  direct current or pulsed current (unipolar, reverse pulse) may also be utilized. It
is understood that eléctrochemical etching and chemical etching may also be
combined, for example an electrochemical process for removing the major part -
of the excess metal and a chemical post eich step for etching away metal
islands resulting from electrochemical etching. The surface may also be slightly
25  brushed prior to etching in order to level the metal surface. Alternatively, a
chemical-mechanical polishing process may be utilized, for example the
process of S. Kondo et al. described in: J. Electrochem. Soc., 147, 2907 (2000),
or the process described in US 5,759,427 A, these documents being herein
incorporated by reference.
30
Selective metallization of the structured dielectric may also be carried out using
strippable or detachable cover layers, more specifically with the aid of

electroplating resists. In this case, the primer layer applied to the resist surface



30 the capacity of uniformy filling structures like in pattern plating.

Usi ng el ectropl ati ng copper baths for formng the netal |ayer, current
copper electrolytes are for exanple used, such as a sulfuric acid copper
bath. I n t hevoswbshwssic aci d copper bath, the copper conceatrErtesnoisss
preferably set to lie at the solubilit?§¢ limt. Concentrations of 20 to up
to 40 g/l of eoppetnéed,ef éinshbibsh coppen&EypO(CCIBICArGRHEPTE/ rEPRVOSA00IDAY8 22
form of copper 3 I.fq‘.ﬁee) mg#( be utilized. They may further contain sulfuric
acidin a co 5 1 r]o’rﬁas “up to 220 g/l as well as disulfide conpounds,
e.g., bis-(3- sulfopropyl)-disulfide disodiumsalt at a concentration of 0.3

to 2 mM/l. Levelers fuch aé, iEl)ol al kyl ene al koxyl ates and the . .
al kyl -/ cycl oaﬁﬁVl mgta fayer ApEdne REFESTAYFHAS ¥/l BRY Pe rRmpveed by dalishitthal 1 y used

at a conceptr gnjgpit lﬂr{j a %ﬁemic%@b%l(—étchfr@%cmh&@bﬁhfé‘?%{;]ﬁ%ﬁéh%iéﬂ%gx&@ rier

materials are treate a vertical rocessi ng netho to particular
benefit by a eighizgtrchinigueozrdsi bycies ﬁ@diShwqaﬂd/hebsepeberammgsbei ng
supplied to the nmaterial at high speed and with 10 microcirculation. If the
primer |ayer has been deposited onto the entire surface of the dielectric so
that netal hafonbacketchidiqreteldsolotibieeon thenisdsds cbRACIMASCIASLE | IeSLbtarDf  wet

heni cal d i tion, tal . t_be r d i the 15
SUrface of | neruMeNEEErsiEh ceBBeHGST SR RPILIE Wl DUGOATRORTIS & |
pl anar i zedQsUrahags plrdXo NS bk Wl (AT ) cdiehd QtifAEsforBhémlckYpdilsHidy Wi th

the dielectric surfaces is fornmed. The etching step is preferably perforned
at a tenper at@idloreegiranglishioe Pre herizents! techutievs saadventaoesysiytutiized for
preferably u§ﬁg [@50§§(ﬂﬂ ng. Alternatively, an el ectrochem cal etching
process using elf% r 20 direct current or pulsed current (unipolar, reverse
pul se) may also be utilized. It 1is understood that el ectrochem cal etching

and chem cal etchin al so. be mai ne for exanple an el ectrochem cal
process for r %\nq_ggcqq%%ernhpglp'l%pf ﬁ'edpv?’ﬁ@”eﬁ'ﬁégnglgﬁ\éﬁmm '%r@ﬁ%"ﬁp_ al post
et ch stepqbor petddpoRfledvalo fHatmbtal |a§bam$né|@$%br@bﬂ&af EOLSH & EbRabem cal
etching. The surface may al so be slightly 25 brushed prior to etching in

order to |evelfingae s B cantachpe semidaadrBior ¢BIPy, foi examei geli arpalikdivgal
poli shing progasss MhdaBndlibldriedr bAIPGHEXRIP &nd Afe grid arrays are thereby

technically advantageous.

20  The method of the invention can be used for both the horizontal and the vertical
processing technique using industry standard equipment. In the horizontal
technique, the carrier materials are horizontally conveyorized through a
processing line. With the vertical technique, the material is vertically lowered
into the processing tanks. The method of the invention is preferably used in

25  horizontal lines. The advantage of this technique lies both in the easier handling
of the very delicate carrier materials and in the possibility to only have excellent
clean room conditions in the fully enclosed lines utilized for the horizontal
technigue. The cost of manufacturing the high integrated circuit carriers is thus
considerably reduced.

30 ,

A particularly suited-first methad variant for manufacturing multiple wiring planes
with electrically conductive structures involves the following method steps:

i) A printed circuit board is provided with a dielectric.



process of S. Kondo at al. described in: J. Electrochem Soc., 147, 2907
(2000), or the process described in US 5,759,427 A these docunents being
herein incorporated by reference. 30 Selective nmetallization of the

structured dveheslordsg1 may al so be carried out using strigRathosRboss
det achabl e cover |ayers, nore specificasly with the aid of electro Si ating

resists. In this pATRcekhss FHr'c"FEﬂ[t hrayed m@lﬁaﬂairlge\ﬁaé ard f&ﬁn-fe%%?tlﬁe 81&5&1‘1‘@ WO
2005/ 076681 PCT/ EF2005/ 000698 3 and, at need first flash cop | ayer

(chemical copper) the das éiﬁ)ﬁ‘@d’%ﬁﬁ%ﬂ&ﬁw th@tmeﬁgbbﬁ@e tayer rregrdg to @i@ghﬁh%\l
ayer and the pri fBhddAYElcofBelfl wiR¥ ifing BERKAMaY HBL LA rffrg.{ or by a

chem cal back-etching technique and/or an ec rochem cal
t echni que and/ or bideaifdioe nepal beski lageranpkicnalipythe wissecar befwercSmShe For back

h , h | th f /
gﬁrfmlmn gc ale%gt cﬁocg‘#eggg?ﬁﬁ? eéa aqs—ﬁl?fl?ﬁ%rrsléergelcﬁg) HCI CIF%”% Pﬂﬁé J‘%‘?Bs ul fate

10 and/ or perOXOdEEIaItIBﬁToﬂva@bhdafﬁﬁbﬁ?@%oﬁarncabﬁ/m@ tHd e@feritaluriabenean
pol i shing and/or e| ectropolishing. The horizontal technique is

advant ageously ut PIat%8d for this purpose. In a particular enbodi ment of the

nvent{ on, funct i A3l R o (18 Yeddlse YARlify trbiBS aRLAENIStE AR by et ol

| ayer for making electrical contact via contact I ngers an ontacting
sem conduct or chilsyer.f or exanple gold or palladium |ayers. Functional

aavant agactls. 20 WA ElEReBRR b Birbhmbelie Bl bRl Bl s ee”

hori zontal and theomeletelgdil thevolorsssMbe reaianbs urlutind thd vidsistry st andard
equi pnent. In the hg)qczont al technléch the carrier materials are

horizontal Iy convel&Pcessmataldsigimavedsr ocessing line. Wth the vertical
techni que, the m%ﬁﬂé‘i’ll(:bﬁddﬁéﬂdl’ﬁ% Eé’n% \gﬁ{b%@deﬁnmggetﬁﬁcﬁrc%?ﬁésd@@c&@”ks

The nethod of the 1nvention is era used | ori zont al ines. The
advant age of thi s(thhpqumant@mnmueh likewisee seaitandubtanghinsgnayflsoHe very

delicate garrier uptenhahfn8Wsdcnbls MRtselist bf ¥ 4 BeAeIFYSsHEES ot
depasited onto the circuit carrier to form the terminating layer; in these
cases, electric connections to circuit traces on the circuit carrier can be
formed at contact pads on the chip; for this purpose, additional vias to the
contact pads on the embedded chip can more specifically be formed in the
20 embedding material for establishing the connections.

In this method variant for manufacturing multiple wiring planes with electricailly
conductive structures, the dielectric which is deposited anto the structured outer
layer used as the base layer of a multilayer is provided to start with. The

25  trenches and vias are formed in a first plane in the dielectric according to the
afore mentioned method step ii). For the conductive interconnection of the
wiring plane, vias .extendinrg as far as the outer layer of the muttilayer are drilled

in the dielectric.

30 In afurther development of the afore mentioned embodiments, an additional
fayer of a dielectric, a secondary resist or a permanent resist is deposited onto

the otherwise finished circuit carrier.



clean roomconditions in the fully enclosed lines utilized for the

hori zontal technique. The cost of manufacturing the high integrated circuit
carriers is thus considerably reduced. 30 A particularly suited first

met hod var i s 20bse76ssanuf act uring nultiple wiring planes patribedeatosi cal ly
conductive structures involves the fol Bbwi ng method steps: i) A printed

ci rcui t boar dréerdbeiteouindestandihg af ﬂiedhemtidncrefmnze%mﬁeﬁeihe following

PCT/ EP2005/ 000698 . cesses for circuit t es.inclu Vviag are
formed in the ‘aﬁi'iasé@ﬁiﬁaé'?‘gF{ﬁ%a(}‘?‘é%"%meo’ﬂ%lﬁgy RS éﬁgf) cgglﬂf %ermﬁise | ayer
in order to egitiabah@hich consinditiini ve connection with a wiring plane that is

to be produced on the side of the netal base |ayer; optionally, the vias
can be forned in the 5 recesses; the netal base |ayer serves as a |anding

zone durimg |@een a@@ﬁp&ﬁbrﬁfcﬁm o) ) o PR 281180 bheS I4RF BN the

current during metal lating. 111) T recesses I'ncluding the
vias are activated weithehope-sited OI’IW@C’EIOEQ das)gm)@tﬂapne@raépd@l@@dc by

el ectroplating onto }Phgrl réﬂ?wﬁlk%§’%§l§n%m{ea§ﬁnpl etely fill the vol une of

t he recesses includi e Vi as i's renoved. V)

Seni conduct orFi¢hiZps cSametr&atlerﬂhfstﬂmadn iofi tHehetHadesteps cptorg)eturitigddudidingiaf a
(chi p-in-polynmer techn ue . |likew se, sem conductor chips nmay al so be 15
enbedded into a secoﬁﬂ é%otore3|st or in a permanent resist that is

deposi t edgontmd. e ¢ 'S’C“?\'éh‘iﬁti@@[d&itl%ﬁoh Qufieg Buldiag t’ﬁé rﬁ]lﬂ%ﬂ(@l@&é(@fﬁﬁg th Fighese
cases, electric connections to circuit traces on the cifcuit carfier can be

formed at contact padswihcembinedi pethogrstens @) %ﬂﬂ@bse additional vias to the
d h h
contact pads g ihe %%ﬂ%gigl %@Héﬁ{@l@ﬁé%uﬁ@ﬁ o“b%lh%y?@aéﬁrﬁ*ﬁﬁtb Righe 20

enbeddi ng nmat erl aI f or onnections od vari ant
for manufacturing rrul2tmslm@amrmlecgmpdmrdviashh@bam layead] y conducti ve

structures, tﬂ%%‘ ¢l i stra%on of ar%rllea via &% an%d f%nél%uEthacset Flgﬁtt) lérﬁgd outer
15 metallization in an electron microscopic cross-sectional view;
FIG. 6 Electron microscopic view of .two or three circuit traces after
metallization;
FIG.7 Representation of a top view of an electroplated dielectric with
protruding copper after metallization;
20 FIG. 8 Representation of a top view of the electroplated dislectric with
protruding copper and intersecting circuit traces after metalfization;
FIG. 9 Illustration of an electroplated, structured dielectric after the excess
copper has been etched away; |
FIG. 10 SEM (= Scanning Electron Microscopy) photogragh of a circuit
25 carrier with recessed trenches and vias generated by laser ablation
with a laser in-focus;
FIG. 11 Detail of Fig. 11;
FIG. 12 SEM photograph of a 15 ym wide recessed trench with a trench
profile after single pass laser scanning;
30 FIG.13 SEM photograph of a 60 pm wide recessed trench with a trench
profile after multiple pass laser scanning;
FIG. 14 Photograph of a circuit carrier with copper-filled trenches and vias;
FIG. 158 Photograph of a circuit carrler with unfilled trenches and vias the
photograph displaying lateral dimensions;



| ayer used as the base layer of a nultilayer is provided to start with. The
25 trenches and vias are forned in a first plane in the dielectric according
to the afore nmentioned nethod step ii). For the conductive interconnection
of the wirwagogsloaee8l vi as extending as far as the out errdsrensmhosbhe
multilayer are drilled in the dielect¥ic. 30 In a further devel opnent of
the afore nefGoh@ed Endrsdsentions! prantograghtaf treathes ageéwviasf a diel ectric, . a

i shed of r Elpt TEa BrE-SERgou i dash BeETIEPbOGY Otsa o BRBRHT e,
under st andi ng of t hetHensterdridothe vi€beingroantsictade ddpjptehﬂaé@bhdwn@?’ch; Fi gur es
rs forme

Il lustrating e various c onent types of the cjrcujt carri

with sandwi cﬁsgo?@t rﬁeP‘?faﬁﬁgBWﬁé‘On %i‘)ﬁ%%ﬂéﬁji? desionvih wgg,appz;%cewirf A a
mul tilayes as the baggnl g¥®ardngd a @bsdsEctRRi Sieged or bidirectional design
with one or two dielectric planes and wwth two wiring planes each; FIG 2

Schematic illustration of the nmethod steps ¢) to g) during building of a

mul til ayer; ﬂ&n@é | tio ' | |.di a multilayer
accordi ng to%l@&fﬁgﬁ con‘gﬁ%@%tﬁﬁ%di’s%]gqgjl{n%%@é%gé le:&“%gf’%& 4 Schematic

i 11 ustrati oncdndictgr paitérds ng etheasidelwhdrayaprasiate i tageth asfhéstarthgisi ng a
printed circuit bhoard,as the base.layer 9; FlI 5 |1lustratiqon of a filled
via (I eft)_awtﬁf[&a[rbﬁhﬁ%ﬁﬁste'gfaiifz”? %@fﬁ?"%mﬁ?d efgeﬁ@'f‘ P $&f¥ 8h%n an

el ectron{gi CARCRR §iderON5e 6@k EidBalbf HeamultildyePant thd afdld A [HyeFLa@opi C Vi ew
of two or three circuit traces after netallization; FIG 7 Representation

of a top viewlruetused i aenordancardth tiedneitione Iniherowpr exermpianyewbpgisrenit t er
bt o o O, SR EEEREaRIAl SRstlch ABP-NLEY Rl o BEririgp ol o
met al | i zat i omultilgyes afBerithé fisst dieléairic Biyeahad beeh stptiatred and thaicirauied
dielectric aftrta%{aé gﬁd?ﬁigg Vias formed.
15
FIG. 2 schematically shows the design of a conductor structure plane during
building of a multilayer, with the method steps c) to g) of the method of the
invention for treating the carrier material consisting of the dielectric 6 and the
(schematically shown) base layer 9 being represented. In ¢), the dielectric 6
20 was structured by laser ablation by which trenches 2 and vias 1 and trenches
with via 3 were formed, with the vias 1 and the trenches with via 3 extending as
far as the base layer 9. In d), the trenches 2, the vias 1 and the trenches with
via 3 were coated with a prifner layer 4 and then electropiated in e), being
thereby completely filled with metal 5. A metal layer 5 also formed on the
25 surface of the dielectric 6. An electroless copper layer was first deposited to
form a first electrically conductive metal layer. After that, metal could also be
deposited by electroplating. After the excess metal § was removed with a back-
etching process in f), another layer of dielectric 6' was deposited in g) to build
up a multilayer using the method of the invention.
30 ‘
In this embodiment of the invention, the base layer 9 served as a landing zone
or as a base of the laser bore holes since the laser was not capable of removing

metal on the base layer 9.



copper has been etched away; FIG 10 SEM (= Scanning El ectron M croscopy)
phot ograph of a circuit 25 carrier with recessed trenches and vias generated
by | aser ablation wth a laser in-focus; FIG 11 Detail of Fig. 11; FIG 12
SEM phot ogr wpteoesfo766815 pm wi de recessed trench with a trecwbeogmbéske after
single pass |aser scanning; 30 FIG 132%SEM phot ograph of a 60 pm w de
recessed trenclE. i s¢heanaticsty Bhoyws 8¢ design pba cantivdtpt strpcisre plasedudaginni ng;

FI G 14 Phot nd
Vs FG TSR 8ip Bufiiart dorftbbhdhg t T2 RRRIAG Mot HeP PN ERd ang
vias the phobeiggapmhmminayongst@x ehadh fdithenscieases M2 2fioehoy 66BE

PCT/ EP2005/ 000688 | 26 FIG 18 Cross-sectional photograph of trenches and
vias; FIG 17 -sectional photograph of a via with an upper trench

connectedsthereto and the via being connected to a copper base underneath;

FIG 18 Schematic Illustration of a substrate design with vias and traces in
a 5 front vieke-dnerhemaficafysBowsdie design of@\ﬁpnwt%ﬁmcé@ﬁeml@w fReriRbmponent

of FIG 1, a Emqu qye EFPfHe%IIMrat:SR'EQH%&B&nq‘?% fneﬁﬂﬁ.lﬂé't@l:@ei si de

where appropriate s tgLen as the startin I's” case
dielectric | a&@mst@:k@rcmptmqaw Qemtrherstructubaﬁ duter deysparriayer 1D0Namu§ecbastrm de to

the outer sides f the multi. el a ectric e structured
in accordancebﬁ ﬁy?rhin PN%WPP%ﬁ{EpI' ﬂlqﬁgﬁpgkggdwg%gﬁﬁpﬁl%ﬁ@ﬁg% ﬁ%‘ﬁcft FI G
1, a secomd dhekeedpper lhystel0. Pasddzedbed @il sédrrdt fNFIG. 1) ehik @fepsivale  of the
rrultllayer after the first dielectric |ayer had been structured and the

circuit tracelownd byistusturipodse dislerttc, depositing the pirertayee and pcivading t he
design of a candyeign lagtfrgd'éft%dé’hﬁnﬁlt@ﬂﬁoéj%% egﬁgm ‘ébf?\gelﬁfN%t”ﬂ%letéxkééfser Wi th

the nethod steps c) t ventlon or treating the
carri er nat eringtal Gonas strmongdoih f) bed difettkertdiélectlic &hdasideposited in g) as

described with respect to FIG. 2.

15
In this embodiment of the invention, part of the embedded vias and trenches
with via are configured in such a manner that they extend downward as far as
the structured outer copper layer, making contact with parts of the structured
copper outer layer 10.

20

Two exemplary embodiments for manufacturing circuit carriers will be described

in detail herein after.

The carrier material used is a foll (lsofoll 160i) made from a 18 um thick copper
25 layer on a 65 pm thick dielectric (FR4 resin B stage). At first, identical pieces of
-the carrier material were pre-treated by means of a curing cycle:

Heating 40 min @ 25-180°C
Curing 90 min @ 180°C
30 Cooling 90 min @ 180-25°C

and then the method of the invention was carried out according to the steps a)
to f).



(schematically shown) base |ayer 9 being represented. In c), the dielectric
6 20 was structured by |aser ablation by which trenches 2 and vias 1 and
trenches with via 3 were formed, with the vias 1 and the trenches with via
3 ext endi ng we 2005ars685 t he base |ayer 9. In d), the trenqgeamrdosioh@od/i as |
and the trenches with via 3 were coated with a prinmer |ayer 4 and then

el ect ropl at ed AmLEKF deimgr lasbewitby wamdretz b 308 hhedaniuskdimbalrogs- A net al

| 5 al ned t he 25 d 6. A |

copper | ayer virSET pe STt fop SEhrhd e U BleCEid v PrciPPy BRbRLR Ve

metal |ayer. Afneen rﬁetsas w.trmea e G@Mbﬁ belr@mﬁuzed tfepeﬁitré ﬁdﬁ@ﬁhelfmtlawl a}g i ng.
-eC|n Focess I n

After the exce%ﬁ ?‘@ was renopved ,@

anot her | ayer ¥alineinedrasicwas "Q\ffé‘gedd%%o%"iq & %eﬁ°a9* %e'amn @‘req}@“é’v?ﬁﬂaﬁﬂ ayer

using the nget hﬂgd@fced 'T%e' Wﬁ@tdf%ﬁers%@hér?wbl%‘ §ra%f$8€|\/fﬁ‘ﬁrﬂvt% %]Prﬁli

the base layer 9 served as a |anding zone or as base aser ore

hol es si nce t haith tisgiesWliisgias keipg foraesftoexiand agydeempaaltheaoppar layare | ayer

9. WO 2005/076681 PCT/ EP2005/ 000698 27 FIG 3 schematically shows the

design of a conductor structure plane during building of a nultilayer

correspondi ng The fllGning stephwehe perdinost witke fe sémermbmhg rﬂmﬂ@dwmbmd into
met 5. FIG 4

one step, which furt ases the effigi

schematical | y %rﬁsagednﬁ‘@ 4?@&['6%35?%{‘ EB?&%&‘@%HEFF%E@U%” ‘Hurqeﬁ@

bui I'di ng ofg a éﬂdcmrbaxb@rmé\ewoﬁmsbkhHIﬁ%er@Ear@@eeorrespondl ng in principle to
FIG 2. A printed circCuit board 9 with a structured outer copper |ayer 10

was used as the base layer. In a previous step, the dielectric 6 was

deposited onta )t h%@%&h’@%ﬁé%ane’rﬁ’?é}]éfuslrfo%%%{ nl@g?ura'lr% 9As described with

respect to FI ep was owed ruc Ing the dielectric,
deposi ting the priner layer and activating and netal plating according to
the steps c) e) rest vel Next,, the excess netal 5 was renoved in f)
and a further & |eIL@E? g@aﬁo x%ﬁ'&m ted in g) as described with respect
to FIG 2.5

Mask with spaces/ lines dimensions of 35 um /40 pm.
250 pulses of 650 mJ in each projection direction.

b) Laser ablation in Example 2:
20
Mask with spaces / lines dimensions of 110 pm / 250 um.
150 pulses of 650 mJ in the first projection direction;
350 puises of 650 mJ in the second projection direction.

25 c¢) Depositing the primer layer in the Examples 1 and 2:

DS-PTH method sequence, vertical:

Swelling agent Securiganth® (Atotech) 2min@ 77°C
30 Permanganate etch (Atotech) 8 min @ 70°C, ultrasound
Reducer conditioner (Atotech) ~ 5min@ 48°C
Cleaner Securiganth® 5 min @ 57°C
Etch cleaner Securiganth® - 2 min @ 25°C

Pre-dip Neoganth® (Atotech) 1 min @ 25°C



15 In this enbodi ment of the invention, part of the enbedded vias and
trenches wth via are configured in such a nmanner that they extend downward
as far as the structured outer copper |ayer, making contact with parts of

t he struct umee2zeesempsr outer |ayer 10. 20 Two exenpl ary ecivopovsodesest or
manufacturing circuit carrigrs will be2#lescribed in_detail herein after.
The carrier nAcByatar Ngsganths a foil (1sofoil 160i) naidnf@eH@ 18 pmthick
copper 25 |aﬁ%ﬁu9i?gaag%$ntﬂl@bpﬂhﬂ‘1b dielectric (FR4 resip, Byapage) . At first,

i dentical pieces o the carrfrer material were pre-treat by neans of a
curing cycl e: Elesiolesg otppar Rri@desnidistotesh) ng 90 ni30 @ri@de230 Cool i ng 90
mn @ 180-25C and then the nethod of the invention was carried out according
to the steps a) to f). WD 2005/076681 PCTI EP2005/ 000698 28 An LPKF exci mer
laser withsa dhvebDepgsitngtheddéiatayenn theekikdnples dreegisz pattern node of
operation for th rPcturi ng t.he di El ectric with projection technique, netal
masks with a MetRlIZRIONGPTEEIORS Inihe verdgakirehia¥Re. After the first |aser

abl ation the mask was rotated 90 and.the second projection direction was

| aser 5 irradiated. The points of intersection were irradiated with tw ce as
much energy aaner faipresiio (AMedeah)es being for nBohit @&8f@nd as deep as the

copper | ayer. h 1 @ps were perfor i sanme starting
mat eri al whi Cﬁt%@eé@éﬂe%%}%@%aﬁhe descri bed hepg(?ﬁ&%@@grew th the
di el ect rit0 i nDesearige(10 vie B304t ruct ured by pedngob°@ |aser unlike

Exanple 2. a) Providing the carrier material for the Exanples 1 and 2 D)
Laser ablation in Exanple 1: 15 Mask with spaces / |ines dinensions of 35 pm

/40 pm Electroplating with

Cupracid® (Atotech) at a current density of 1 A/dm® @ 27°C

15
e} Removing the metal layer in the Examples 1 and 2:
The excess metal was completely eiched away in two method steps with the
conductor structures remaining intact.

20

In the first step a horizontal line was used:

Pill etcher
Iron chloride/hydrochloric acid, 35°C
25 1.2 m/min, 4.6 pm removal -

‘In the second step a vertical line was used:
Vertical moduls
30 Potassium hydrogen peroxomonosulfate, 28°C

1.7 pym/min removal

FIG. 5 is an electron microscopic cross-sectional view of a filled via (fo the left)
and of a circuit trace (to the right) with a metal layer extending over them and



250 pul ses of 650 mJ in each projection direction. b) Laser ablation in
Exanple 2: 20 Mask with spaces ! lines dinensions of 110 pm 1250 pm 150
pul ses of 650 mJ in the first projection direction; 350 pulses of 650 mJ in
the second woapesaréan direction. 25 c) Depositing the prcmEroésayesssin the
Examples 1 and 2: DS-PTH net hod seque#ce, verti.cal: Swe agent

| |
Secur i gant h( rierbey@rhyiter metal |@W‘C03@)”Fbﬁzbﬁ9|ﬂtgaﬁatpet0@tcbhalonqatféléHDaS& mn @
70C, ult t
Secur gant n(ry "eehPREth) Ry HeRdeA O s TReRoBAB ORISR, o e i
Neogant h(r) (Metngeith alsuiiunc@Rb@pner 2alt/The6a8lE &ahediRaDas16eepasshe 29
Act t R t, Ne th 5 @ 30C
Efelczlfof)ress c@%ﬁé&ﬁe ?ﬁr%gﬁk%}eﬁ?m E%qu?\ggbﬁﬁn @ggzgzén 5(8 Der;ogl ting the
netal layey in the Exanples | and 2 Metallization conditions in the vertical
t echni Cu P t, 5 @39C  Etch cl
e Sam n RGBS 5T ohafh o arssbinsd S
El ectropl ati “&nd&béﬂép@ﬂ%@%l%ft)traﬁéé %tﬁ%l’%e@él ua}e%&fewngdm%%é bé%éﬁd h 4y dre @

27C 15 e) Renoving the netal layer in the e excess
met al was con@ieeﬂr@u pigroeeryc anaeg-sestionad viewy Atber @Btﬂdisza\twnm Bhel/l ightarer or

structures r e(méf&:ﬂ?arl\dﬂﬁ?ﬁlll baic leveler (Atotech) having been added to the metal
10  plating bath during metal plating with a sulfuric acid copper bath.

FIG. 7 is a top view bf an electroplated dielectric with copper protruding from the

filled trenches and vias after copper plating, 0.8 ml/l brightener (Atotech) and 14

mi/l basic leveler (Atotech) having been added to the metal plating bath during
156  metal plating.

FIG. 8 is a top view of the electroplated dielectric to a larger scale than FIG. 7

with copper protruding from the circult traces and from the points of intersection

of said traces, 0.9 mi/l brightener (Atotech) and 16 ml/l basic leveler (Atotech)
20 having been added to the metal plating bath during copper plating.

FIG. 9 is a top view of a structured electroplated dielectric after excess copper
was etched away twice, The excess was completely removed with the
conductor structures remaining intact.

25
Example 3:

Further example work was performed by using a 150 um thick plated via and
circuitized printed circuit board consisting of a common epoxy resin based FR4

30 substrate which was manufactured by means of conventional methods, such as
mechanical drilling, desmear, activation, electroless plating and electrolytic
panel plating. Conventional dry film resist imaging and acid etching were
employed to create the circuit pattern.



In the first step a horizontal line was used: Pill etcher Iron
chl ori de/ hydrochloric acid, 35C 25 1.2 nmimn, 4.6 pmrenoval ' In the
second step a vertical |line was used: Vertical nodule 30 Potassi um hydrogen

per oxononoswbfzats@r6688C 1.7 nimin renoval FIG 5 is an al@otr2005/008608 0SCOpPi C
cross-sectional view of a filled via (310 the left) and of a circuit trace
(to the rightAn WG el fresinlconterets prt tbivlioogperfail) with MOaurd re¥n 2I80%#I076681

(At 252’335’5228&103%%% HRETEmABGLE R SosParile ka3 h olirtadlseer Bt e "'
metal plati nganﬁapmsdure lm@ngstaidardJlndUsﬁn:gcmdlﬂbrm W|FfR£1r Theagbtgsinedpper bat h.
The via is enbed of the carrler el emeat and i s

filled with n fag% 3“@@@@%9%35 PR 1o fempke the YRWARIEE\REPRST cui t
traces anq-,th@aalf(ghﬁ.o,lﬂafﬁg ch{ij%bggypéyhpa%pe circuit traces with a netal

| ayer extending there beyond in an eleCtron mcroscopic cross-sectional
view after netallization, 0 8 m/I brightener (Atotech) and 14 m /1 basic

| evel er (Atot t i ng
metal plati ngﬁg\n@g ug[)‘[‘éﬂ ari ng‘i‘%‘?@%{gg{r}ﬁggﬁ %%#%bo#gifgp @%ﬁg}\‘/ggév of an
el ectropl at eoblgmailla‘ﬁtrrvwm micebs e pipriit tracesrandi biigdimiero viae, crbiatdded trenches
and vias after, m /1, brightener totech) and 14 m/|
basic | evel erS'W gﬁ%@-ﬁ%’ﬁﬁf %@”%@éﬁ‘sﬁﬁ%@ﬁt'qrgo‘{ ﬁ@ c{ﬁ%é‘é iCpl ating bath during
15 netal qglating. FIG 8 is a top view of the electroplated dielectric to a

| arger scale than FIG 7 wth copper protruding fromthe circuit traces and
from the poi rsasesbiaiioard sireuibienetessaiidiblindasisse vig. lples wasisimgltansoosly

(Aotech) and, e udifs by XS} RinGBEOH RO cIgR A A BEeLogrldago o the

nmetal platin copper top vie
structured el ‘@pmppate&hgcht@hmemge pcBWETraegeeﬁd WoppsY @ 20 kHz. This

operation resulted in 15 um ablation depth at an ablation speed of 300 mm/sec.

15
It turned out that scanning speed considerably depends on the material type

and on the feature size.

In a further experiment oxygen was flown over the dielectric surface while the
20 laser beam was scanned across the surface. Scanning speed was enhanced

considerably.

The recesses formed by laser ablation are shown in an SEM photograph.
Fig. 10 displays this photograph with recessed traces (trenches) and holes

25 (vias). A magnified photograph of this circuitry is shown in Fig. 11, displaying
again the trenches and vias. Schematically the halos of typical BGA pads are
marked into this photograph in order to demonsirate the space required if
conventional methods were used to produce traces and through holes. From
this Fig. it Is apparent that three traces may pass through between two vias

30 conveniently. If the large BGA pads would have to be created on the board
surface (in order to compensate for misregistration with conventional
techniques, because in this case the traces would have to meet the holes for
‘generating electric contact to the through holes, even if misregistration takes
place), only one trace could pass between two pads, but not three.



was etched away tw ce. The excess was conpletely renoved with the conductor
structures remaining intact. 25 Exanple 3: Further exanple work was
performed by using a 150 pmthick plated via and circuitized printed
circuit boawth nmnEssli ng of a conmon epoxy resin based FRAI/ERDIBUMbSE I at e

whi ch was manuf actured by neans of con$zntional nethods, such as mechani cal
drilling, desnear, activation, electroless plating and electrolytic panel

pl ati ng. Conyentiognpal dr ilm,resist A ' nd acid etching were
enpl oyed _to%?é’&_{‘gp‘f"ﬁ%%‘?’}{éﬁ??dﬁ%lﬁ%@ﬁﬁ"g%%‘%ﬁFBW ! 051000698 31
(Aln R|CC) foil fdllbﬁmw'll'abl_étm %&d@nﬁi&u’ﬁc@ma@idrﬁ and védet@)sé@gﬂgtm@é n, | fsm;] oi |
sola), was then laminated to both sjides of the core boar y ans of heat
and pressuréo'ﬂl@qc}ﬁ'ﬁei’t%n TR GUERFS O %ﬁoqaﬂe&fgr ehsgorent ?ﬁé"r%lﬁggi ned
substratge was ched in an acid etchant to renove the unwanted copper 5
clad foil fro%é‘%}ﬁﬂgaR(gf: epoxy resin |ayer. The resultant bare epoxy |ayer
(dielectric) acts as the base for formation of a signal layer with recessed

i it t Lj ' ' ' t Ly, f
Chser ol Aornet waofiteR etioRaatedt ot £ SERHS iRl BB 2P o IpBRE hos “and
gl5i5nd m cr olsaéara?lﬁag_eltﬁ?] Vins pathmd ctraa’@cwt _ séryovam@g\gbr IMERigL$3 @tg_saEM\dtét@iB@fra W t h

nm wavel e ) a eam spo Sl.ze 0 (0] rati ng. a aver age
power r angehepigtﬁe INteree l‘ﬁ&fﬁ A @Uﬁ'Blﬁelﬁé?'?ﬁnf}?ngéﬁm@ glfgh“?? H%P'[ﬁ?n )

abl at!omodeePégt@b viBePRbRdH REHIMACTheTma0E nEEhRER takdkPphidr thysstgd out that
scanni ng speed consi derably depends on the material type and on the feature
size. In a palistieg Sl@@é@@@iﬂt‘émmcﬁ@@e‘ﬁﬁw@ differant laser ralibediase @ossible. sur f ace
while the 20 |aser beam was scanned across the surface. Scanning speed was
enhanced considerably. :

Table 2. Process sequence:

Bath | Make up | Time | Temp.
. ® 400 ml/l Sweller Securiganth® P, conc. . o
Sweller Securiganth™ P 10 g/l NaOH 2min | 65°C
Permanganate-Eich 110 mll Dosing Solution Securiganth®,
Solution Secutiganth® | - P 500 4min | 75°C
P-500 105 m¥/l pH Correction Solution CC
Reduction Coriditioner 100 ml/l Reduction Cond. Sec. P 500, . .
S iqanth® P 500 . cong. 5min | 50°C
ecurigan 40 mifi H,S0,, conc.
\ ® 40 ml/ Cleaner Sec. Flex _ . o
Cleaner Securiganth™ Flex 20 g/l NaOH 4 min | 50°C
Eich Cleaner NaPS/H.S0, 150 g/l NaPS ) 1min | RT*)

35 mi/l Sufuric acid, 50% w/w

Pre Dip Solution . ® . -
Neoganth® B 10 ml/l Pre Dip-Sol. Neoganth™ B, conc. 1min | RT **)
40 mi/t Activator Neoganth® 834, conc.
Activator Neoganth® 834 5,5 mi/l pH-Correction Solution CC 5min | 40°C
_ pH 11,5

® 5 ¢/l Boric acid . °

Reducer Neoganth™ WA 6 mi/l Reducer Neoganth® WA, conc. 4min | 30°C
85 m/l Printogantrf V Basic Solution

Printoganth® PV 45 mifl Printoganth™ V Copper Solution 20min | 34°C

8 ml/} Printoganth® PV Starter
1,5 mlfl Printoganth® PV Stabilizer

15 *) NaPS: sodium peroxodisulfate
**} RT: room temperature



The recesses fornmed by | aser ablation are shown in an SEM phot ograph. Fig.
10 di splays this photograph with recessed traces (trenches) and holes 25
(vias). A magnified photograph of this circuitry is shown in Fig. 11,

di spl ayi ng waedons/a7hes1t r enches and vias. Schemati cal |y t heclrabmes/@beskypi cal
BGA pads are marked into this photogrdph in order to denonstrate the space
required if conventional nethods were used to produce traces and through
holes. From this Fig. it is apparent that three traces may pass through
bet ween two v’i“é@eg@xgﬁtﬁﬂéh@@ﬁﬂﬁ vas elechelyfieallycopear plated apithaemioe to be

created on the,poarered iddiding i'toﬁb RicEELed @gﬂ@@?igét h¥d 5 FEOJHHE gﬂh' on

wi th conventiona t echni ques, ~ because in e traces woul ave to
meet the hol es pleding hedineontrining 40 ectig CuT it Hel 9 660 lge143P.oligRO katlespmeven

if msregistration takes I 0, race could pass between two
pads, but 5?10tc [ﬂﬁ%%ﬁ%%%%@g%gglpééﬁ%g% 05/ 000698 32 The panel was then
treated with the Atotech PTH sequence listed in the followng Table 2 to
render raised surface portions and recessed structures  conductive (i.e.,
the entire suPcREREDRYRHY FRAex)2y B tBighactpuEas PRt viEINAS ®in.5 copper

pl ating. A strongly nmagnified photograph of a trench is showm in Fig. 12
with one | aser scan along the line path to create a narrow trench. In Fig.
13 an SEM det laithe sexbstepothe-hulke atthe ctppeslayer was ceroavedifraint themaisedpl e | aser

R I R S e R o
di fferent | asehemioalétokingatke pteitndvas carfiell st AithRsupeie slcrtiguiatien iBat h Make
obnc. "2 min’ s¥eTay GrHinRtR SORm DL - Bghed PTRYYE. ooig. BoANGh
Car oLt SRl e ey isa itk 00 4L ppr el | o
process description herein below).
15
Fig. 14 shows the copper-filled vias and copper traces in the frenches (three
lines between 0.2 mm pitch BGA). The photograph of Fig. 15 shows the
dimensions of the traces and vias of the specimen shown in Fig. 14 prior to
metallization: The vias have a diameter of about 50 um, the traces have aline
20 width of about 20 ym. Fig. 16 shows a cross-section of such vias and traces
with the vias connecting 1o a copper plane underneath. An excellent copper
bonding is created between the copper metal in the vias and the copper metal
in the traces. This Is shown in Fig. 17: A smooth transition without any sharp
corner is created between the copper metal in the via and the copper irace
25 extending to the right. This ensures good stability of the cdpper to withstand

thermal load.

Example 4:

30 A bare pure polyimide foil (SPB 050 Espanex - Nippon Steel) was laminated on
both sides of a 150 um thick FR4 multilayer substrate core, following the
standard conditions recommended by the supplier.

Laser ablation of circuit trenches and blind micre via holes was again
35 simultaneously performed using similar conditions as with the sample of



Reduction Conditioner conc. 5 min 50C Securiganth P 500 40 m |l H2. S04,
conc. Cleaner Securiganth(r) Flex 40 mlIl Ceaner Sec. Flex 4 mn 50C 20
g/l NaOH Etch C eaner NaPS/ H2SO4 150 g/|I NaPS *) O 1 min RT **) 35 mll

Sul furic achzo&'s@%es/lw Pre Dip Solution B 10 m /| Pre D peiokoosdeemsnt h(r)
Neoganth B, conc. mn RT **) 40 m | ¥4 Activator_Neoganth(r) 834, conc.

Acti vat or Neo@sﬁmhlesm\ @Vsawr/wﬁfpwﬁ:amwav¢lgﬁgtsm11ﬂ1 permapobsEpef 46@mpH 11, 5

Reducer Neog G Hilg Neogant h
WA, conc. %n%$&%%mp%r%¢ﬁt %O{H @%ggggé\ggr ut 1/on Pr| nt o mif@@ 45 mll
Pri nt ogant h(rr)aswti@gprpéﬁ psmablatnondzpthﬂtmrsamm@m apédd OF 300 pyaet PV Starter
1,5 m/l Printoganth(r)PV Stabilizer 15 *) NaPS: sodi um peroxodi sul fate **)
RT: room tenperature WO 2005/ 076681 PCT/ EP2005/ 000698 33 In the next step
t he panel 5wasTred pamélwastbrwbdi wzmd?)mrcopﬂlabﬁﬁ swﬂldrh@tlmwample @‘LEﬁam:ﬂe Bher eof
mcludmgthg{rec sses. tin r ormeg" W th pl ati ng
bat h cont ai ni'Rd® rraasg& rec sqedslt tires iig egpqﬂglg&e/fql CW‘“’"'H@ ppm 5
chloride, 4 - 6 g/l Fe(l 1), 0.5 - 1.5 g/l Fe(l Il). A copper |ayer of
approx. 20 pmthickness was plated within 85 mn. In the next step, the bulk
of the copperThasanplgaras thepdatet using the identisaticandibors apnithdhe sampleaoiel
were no cond ac?'ﬁ uctures were desired, by neans of chem cal etching.
The et ching was carrled out with cupric chloride solution in a standard

et chi ng Mibne, Sigma HDC from Chentut Corp,/US. Ginding, polishing or

.m' '1ing then IE‘?{%’ ‘68% sttgg, F\gﬁzilknci}fnfﬂezcogperlayerp vr\peag frengngggc? from tﬁg%ldsg&al ed
portions of the panel, where no conductor structures were desired, by means of
chemical stching. The etching was carried out with cupric chloride solution in a
standard efching line, Sigma HDC from Chemcut Corp./US. Grinding, polishing
15 or milling then removed the remaining 2 ym — 3 Ym of copper. (See detailed
process description below).

Example 5:
20 A similar substrate build up was used as with the sample of Example 4.

Ablation of recessed structures in the polyimide foil was carried out with an
excimer laser at 300 Hz and 308 nm wavelength by means of mask projection.
Ablating circuit lines and micro via openings required two separate masks.

25  About 50 pulses at an ablation rate of 0.3 uym/pulse were required to ablate
15 um deep circuit patterns incl. annular micro via pads on one side of a square
sized circuit with 6 sg/inches.

An additional 105 pulses were needed to ablate the via holes at the remaining
30 polyimide thickness of 35 um.

In the next step, the bulk of the copper layer was removed from the raised
portions of the panel, where no conductor structures were desired, by means of
chemical etching. The etching was carried out with cupric chloride solution in a



process description herein below). 15 Fig. 14 shows the copper-filled vias
and copper traces in the trenches (three lines between 0.2 mm pitch B®&).
The photograph of Fig. 15 shows the dinensions of the traces and vias of

t he speci nerwgbwdmresst Fig. 14 prior to netallization: TheTwramnshamwes a

di aneter of about 50 Pm. the traces havé a |line 20 width of about 20 pm
Fig. 16 showsstangless stohing lingh Sigme driddC fioas Capancut eers/USyi Grinding palisking
connecting to : r g N EXGel t LAg is
creat od bot vegh T8 e PIdAS  PETERBhg ARt Ml cofABE fSee BIRRLAD | 1.
traces. This psoceEsewescriplidmbel@®). A snooth transition without any sharp
corner is created between the copper netal in the via and the copper trace
25 extending to the right. This ensures good stability of the copper to

wi t hst and 5t hgemadtiohfadcedxadpkperbte SRctdareuipyaadnsyi m de foil (SPB 050
Espanex - N ppon Steel) was |amnated on both sides of a 150 pmthick FR4

mul til ayer substrate core, follow ng the standard conditions reconmmended by
t he supplier. Slté}§¢r abl ation of circuit trenches and blind mcro via hol es
was again 35 sinultaneously performed using similar conditions as with the
sanpl e of WD 2005/ 076681 PCT/ EP2005/ 000698 34 Exanple 3. A W laser with

355 nm wavel e M j 7€ ' sed, .oper.aft.i t an
aver age power PRkt SRR e Rlrg e Riastousf Bt 3y rERE LR o
dep'([j h at 4B abiamub@irﬁjpjehﬁgl p@fanlaét@rsmmf swﬁhla&oﬁ‘h@ctpiarﬁmb%m?reMbe@EIWb%wt h PTH g
conditions simlar to the s e of Exa 3. to render rai sed and recesse
structures m@ilh%’)&ﬁg@? W@éﬁg&dlco@d?ﬁﬂﬁi@tg?‘?ﬁgd”rmﬁ@d‘ %P RE8S%-hen pl at ed
using the identical conditions as with the sanple of Exanple 3. 10 In the
next step, the bulk of the copper | amer. was renoved fromthe raised

portions of thelustiyetandardpeoerssed RE structures were desired, by neans
of

15 Alkaline etching;
Acidic - Cupric, Ferric Chloride etching;
Sulfuric/Peroxide etching;

or specifically developed systems such as:
20
Electrolytic etching using DC or pulse/reverse pulse technology.

Step 2:

25 Removal of the remaining 15 % of over-plated copper (and activation layer)
using one of the following industry standard methods:

Mechanical planarization using rigid milling tools;

Differential etch using industry standard micro etch parameters
30 (peroxides, persulfates, oxone/caroate, etc.),

Chemical mechanical planarization (rotary, linear, etc.);

Mechanical soft brushing (with or without pumice).



chem cal etching. The etching was carried out with cupric chl oride sol ution
in a standard etching line, Sigma HDC from Chencut Corp./US. Ginding,

polishing 15 or mlling then renoved the remaining 2 pm- 3 pm of copper.

(See detailed process description below). Exanple 5: 20 A simlar substrate
build up was used as with the sanple of Exanple 4. Ablation of recessed
structures in the polyimde foil was carried out wwth an exciner |aser at
300 Hz and 308 nm wavel ength by neans of mask projection. Ablating circuit
lines and mcro via openings required two separate masks. 25 About 50 pul ses
at an ablation rate of 0.3 pm pulse were required to ablate 15 pm deep
circuit patterns incl, annular mcro viP® pads on one side of a square sized
circuit with 6 sg/inches. An additional 105 pul ses were needed to ablate the
via holes at the remaining 30 polyimde thickness of 35 pm In the next

st ep, the Dt Rbove Ekamplgsmshow thatbit withthusdreopessilile toptddece irseifl capiers i ons  of

t he panel, re no _conduct or, ructures were desired,. b an f chem cal
etohing. BB R PRoSTAD SeaeHabtii Mdten Ceft PeSe avnd eLBREN B 1 n'a o
2005/ 0766 88tnitlreERA OGNS asJowsdsondtinist Bt TaLI8 Wit @ferehedto FigC from
Chentut Coa]g_. /US. &inding, polishing or mlling then renoved the remnaining
2 pm- 3 ph-of copper. (See detailed process description below. 5

Sel ection Process (to generate discrete circuitry and vias): Step 1: Using
i ndustry standard etching technol ogy (equi prent and chem stry) set at 10

st andar d i habietd Camerddesigns, but with a contact tinme set to renove the bul k
(85 % of the over-plated copper created during the filling process.

| ndustry standard pcocesses—netuding—15—Alkaline—etehing Acidic -

Qupric, Ferric Chl GFARMEEENMENSIOns s \\\ | ¢/ per oxi de et.chidfl:
- Via Diameter V" 60
Minimum Line Width W 15
Minimum Width between Pads D 15
Minimum Clearance between Pad and Traces C | 15
Pitch (one trace pass) P1 130
Pitch (no trace pass) P2 115

Fig. 18 illustrates a carrier design schematically. This carrier is provided with
three vias 1 which are filled with copper. Two of these vias are adjacent with no
trace being conducted between them. Ancther two vias are adjacent with one
trace 7 being conducted between them. The parameter dimensions given in
Table 3 are values achieved if the present invention is realized. According to the
present invention this design is attained with simultaneously realizing the design
for a competitively-priced circuit carfier by using conventional printed circuit
boards as a base for HD1 circuit being formed thereupon.

It is understood that the exam_ples' and embodiments described herein are for
illustrative purpose only and that various modifications and changes in light
thereof as well as combinatioﬁs ‘of }fe:atures described in this application will be
suggested to persons skilled in the art.



or specifically devel oped systens such as: 20 Electrolytic etching using DC
or pul selreverse pul se technology. Step 2: 25 Renoval of the remaining 15 %
of over-plated copper (and activation |ayer) wusing one of the follow ng

i ndustry st amaaendiopsshods: Mechani cal pl anari zati on usi nggrepzehsmidehs ng
tools; Differential etch using industry?standard mcro etch paraneters 30
(per oxi des, p @%'es, oxone/caroate, etc.); Chenical nechani cal

pl anari zation (rotary, linear, etc.); Mechanical soft brushing (with or

w t hout pum ce). 36 The above Exanples show that it wll thus be possible
to produce ci flcuiviacerrnesfdedyisi ch are based on a cost-effective printed
circuit boardp haying, extrenely fine structures with dinensions as |ow as
outlined in Table 3 WMth reference to Fig. 18: Table 3: Carrier Design

Par anet er ®i m@nsioerscH with vid a Dianeter V 60 M ni num Line Wdth W15

M ni rum W dt h ,bet ween E@d D 15 M ninmum C earance between Pad and Traces C
15 Pitch (on& trB¥ESh 8? P1 130 Pitch (no trace pass) P2 115 Fig. 18
illustrates ascarmiegf (e§siegn schematically. This carrier is provided with
three vias 1 which are filled with copper. Two of these vias are adjacent

w th no tracéssoe‘i“ﬁﬁcg'&nduct ed between them Another two vias are adjacent
with one traege 7c§fde’i‘@ra%8nduc'[ ed between them The paraneter dinensions
given in Table 3 e values achieved if the present invention is realized.
Accor di ngi@o he prntedeircuit hoaist i on this design is attained with

si mul t aneousl y.real i zi ign for a conpetitively-priced circuit
carrier by usi)fﬂg %54@%%%i%ﬁ§'ig®ﬁem%@rci rcuit



boards as a base for HDI circuit being fornmed thereupon. It
t hat the exanpl es and enbodi nents described herein are for

i S under st ood
illustrative

purpose only and that various nodificald ons and changes in light thereof as
wel | as conbinations of features described in this application will be
suggest to persons skilled in the art. WD 20051076681 PCT/ EP2005/ 000698

37 Nune via, copper filled via 2 trench 5 3 trench with via 4

pri ner Iayer 5 metal (copper) 6,6 dielectric 7 copper trace 10 9 printed

circuit board 10 structured outer copper |ayer 38 ( ains:

1

A nmet hod of

manuf aci ur i Aghethed of manwfaeturieg a aegudt %E‘W@éa@dﬁﬁmoﬂ pRMPFgiNgithae | owi ng
nmet hod stepi%ﬂo\'ﬁa,qu Q\Hdﬂ %gps. printed circuit board; b) Coating the circuit
I £PEy : . :

board on at T éa one si

ereof with a dlelectrlc; c) Structuring the

dielectric for pr oducing trenches and vias therein using |aser ablation,
the trenches xt epdi ng conpl et el ough the dielectric; d) Depositing
d o chr b beask

a priner Iaye@ o OVIHRY @rRrinted iyl the dielectric or

depositing the

|
pri mer ayerowngo?%%pq)fr%d&&fe@yﬁeéﬁa @ﬁéei dHeas°id thereof RithPaRRICHIAY 2

netal |ayer I mer

trenc es and viI as beln

corrpl etely fi¢) edStuuctringtla dfatectﬂon‘on prgdacing disinches andotias ﬁu—:-remh&mm n; and
laser ablation, the trenches not extending completely through the

dielectric;

d) Depositing a primer layer onto the entire surface of the dielectric or

depositing the primer layer into the produced trenches and vias only;

e) Depositing a metal layer onto the primer layer, with the trenches and

vias being 'complete'ly filled with metal for forming conductor structures

therein; and .

f)  Removing the metal layer and the primer layer, except for in the

trenches and vias, to expose the dielectric if the primer layer has been

deposited onto the entire surface in method step d).

2. The method accordin_g to claim 1, characterized in that the frenches and vias

are produced in one single process operation in method step c).

3. The method according to any one of the preceding claims, characterized in that

the trenches and vias are produced using a direct-write technique in method

step c).

4.  The method according to claim 3, characterized in that the direct-write

technique comprises scanning a laser beam across the dielectric at those

surface regions of the dielectric in which the trenches and vias are to be

produced.

5. The method according to any one of claims 3 and 4, characterized in that the

direct-write technique further comprises adjusting the power of the laser beam

to depend on the depth of the trenches and vias to be produced.



f) Renoving the netal |ayer and the primer |ayer, except for in the

trenches and vias, to expose the dielectric if the prinmer |ayer has been
deposited onto the entire surface in me® hod step d). 2. The nethod according
to claim1, characterized in that the trenches and vias are produced in one
singl e process operation in nethod step c). 3. The nmethod according to any
one of the preceding clains, characterized in that the trenches and vias
are proéuceFhesheihod abcoedihg W bhg dnecdfulaine 3 A SrehBrsttedtatbincthat the The

met hod according to claim3, characterized in that the direct-wite

t echni que c@prirydte ?SsﬂﬁuﬁgfuEhﬁhmpﬂﬁrp‘éléms@etlﬁ%er&%r@ct ric at those
surface regions of the dielectric in which the trenches and vias are to be
produced. 5. The method according to any one of clainms 3 and 4,

char act &t i zdteimethicdtadcoedingito elzim\V@, icheracetizedyinghatithehdireatavritei ses

dj usti th f the | o] n to d d t th of the .
2 et L0 L R et Boriiesh 25Thg e SSBEM ot Lo e ke iedhe. one o
claims 3 - JrafibRUABILEIFSE Ardal SFahe dife it ®S Y %hél%nttﬁémé'p%‘@ffﬂé”her

conprises pulsing the | aser beam 7. The net hog according to claim®6,

char act er i z&@nches and vigsctodbe pradugedthy settinghthieguémber ohlasecpulpes being

adj usting the cfneaqé ar unrta< of the laser beam irradiated to a surface area
of the diel &84 '?t@t S@ér%éﬂ aghatate depth of the trenches and vias to be
produced by setting the nunber of |aser pulses being irradiated to said
surface area. 8. The nethod according to any one _of clains 6 and 7,

char act & i zdh#eimethedtaaceedingite apy -oRei afslaimsihagdd, charasterizeshprthatibe

o a surt aconarEalsRecARg fubiber FRPASSY HERBSREANE L8R ATLB 4T} “one of
the precedi ggcedssivisensigputded being iradiateatto 4 Barfadeaniess thadislesgicar e
connected to each other 1n a | andl ess design. 10. The nmethod according to

any one of the preceding clains, characterized in that the follow ng

furt her gTet i LR ARG OB brd W e bre @i biah g Ak Brize T R ot P

the trenches and vias are connected to each other in a landless design.

10. The method according to any one of the preceding claims, characterized in that
the following further method steps are performed once or several times after
method step f):

g) Depositing another dielectric onto the dielectric being provided with
trenches and vias; and
h) Repeating the steps c) through f).

11. The method according to any one of the preceding claims, characterized in that
a terminating layer is deposited after any one of method steps f) or h).

12. The method according to any one of the preceding claims, characterized in that
the primer layer is deposited by performing a treatment with metal activators or
with monomer solutions for forming conductive polymer layers or with carbon

suspensions or by sputtering or performing by a direct deposition method.



g) Depositing another dielectric onto the dielectric being provided with
trenches and vi as; and h) Repeating thg steps c¢) through f). 11. The net hod
according to any one of the preceding Pai nms, characterized in that a
termnating |layer is deposited after any one of nethod steps f) or h). 12.
The net ' 2 f ' ' I in
that tRe pri BaeiisL S gt By ot st e rEtdia Sl chaisRicialin S
activators dihe mathhagenisifermse bytdlesteolésy afidionby glextrodyetict platingol yner | ayers
or with carbon suspensions or by sputtering or performng by a direct
deposition nethod. 40 13. The nethod according to any one of the preceding
cl ai ms, q@gha tHeRad hat Ii e d

and/ or be'elnggeirrﬁ%f yti céd[gjlrglth?r;[a. 4@Tﬁﬁeth%3fﬁ%edd|§%%ﬁ@?hg@rg%ﬁebgﬁgﬁﬁ t he
precedi ng cltké metadbgenand thezpdmen layeaare rémovas by polisting samd/arthy ar i ner

| ayer are repoved ol,i shi and/ or a chem cal .back-etching technique
anaor "an elBBlTGR MaRkEP T dReRae agdar Ao iR ates RmiRgrEak-SRhY

el ectropol i $8¢HHIqud and/breyraédpshaigimgdi ng to any one of the preceding
clainms, characterized in that producing trenches and vias in the dielectric

in nmethod step c) conprises producing trenches, said trenches al so

ol s, Ohar G epMBe ARG S o AP oo Hin. phdeliRERT Mt
netal |ayer gredudhgtiehthesd byid e inche Rigele€rigGh Math6@RRNE ésmprises Use of the

met hod according to any one-of the preceding clains in horizontal |I|ines.
producing trenches, said trenches also comprising vias.

16. The method according to any one of the preceding claims, characterized in that
functional layers are deposited onto the metal layer for electrically contacting

electric components.

17. Use of the method according to any one of the preceding claims in horizontal

lines.



