1 METHOD OF MANUFACTURI NG A CIRCUI T CARRI ER AND THE USE OF THE METHOD The
present invention relates to a nethod of manufacturing circuit carriers and
the use of the nethod. Such type manufacturing nmethods are known from prior
art, the following nethod steps being generally perforned: i) providing a
substrate, said substrate consisting of at |east one dielectric |ayer and
of copper layers on at |east one side thereof, ii) structuring the surface
of the substrate according to a conductor pattern to be forned, iii)
depositing a conductive material in regions corresponding to the conductor
pattern for form ng conductor structurles, and iv) renoving the conductive
mat eri al outside of the conductor pattern. Alternatively, the conductor
pattern may be forned by sel ectively etching away exposed base copper
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removing the conductive material outside of the conductor pattern. Alternatively,
the conductor pattern may be formed by selectively etching away exposed base

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 resuit of the further development of the laser technigue 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-etch technique (a 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



conductor structures conprising circuit traces having a line width of at
nost 100 pm and a spaci ng between the traces of at nost 100 pm is caused
by the applied surface thickness of the initial copper |ayer on the
surface of the board. 5 HDI conductor structures used in the industry so
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The drawbacks of the conventionally manufactured HD! boards are due to a
plurality of reasons: Line and space creation of conductor structures depends
20 mainly on the etch depth given prior fo a subtractive 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 um conductor line width and a spacing between adjacent
conductor traces of down to 100 um may be achieved, if a negative etch
25  (photo)resist 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 pm. Thinner eich resists allow a better etch resolution, but are
otherwise limited in their tenting capability. Using the pattern-and-etch
technique atternatively a possible resolution with a 50 pum 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 5 — 25 um (plus 5 -
10 uym flash copper plating) are used, further if copper is additionally pattern-
plated to a thickness of 25 um and If an etch {metal)resist (Sn, Sn/Pb or Ni/Au)
having a thickness of 5 — 10 um is used. The total etch depth can vary from
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having a thickness of 5 - 10 pmis used. The total etch depth can vary from
WO 2005/ 076681 PCT/ EP2005/ 000698 3 10 pmto up to greater than 25 pm
depending on the type of the process route followed. By finally using the
sem -additive technique a possible resolution with a 25 pmline wdth and
a 35 pm sp&ciopgpressih an etch factor anmounting to 1.2 REVERWIHWBved, if a
bare board lamnate is first covered3with a 0.6 - 0.9 pm5 thick

el ect r ol essiTppperufd mygeaterdhan B8 gat,idepeativl (rpinettgde ebthat phassnigpute

t hi ckness aof ,38 ich allows to, plate copper in a pattern having a
t hi ckness fBHOQ?Q@%a!E’?Wt ess‘?,@b%dc%\@ Eeﬁﬁglqesﬁp%@?ﬁ%&ﬁﬂwm\a h copper
| ayer may %25@%?1?1’(%%(?]{%'%@ a’ﬂgg'p}‘rﬁ §;5§d?ﬁmitrc1ﬁérpétcﬁffé’&§§§mo #f1.2r esi dual

pal I adi um under neat I e copp ayer, ch originates fromthe ‘cat al yst
| ayer for I0agbecchisivessifadmyeboantsdsinale ipérsitcovppadviimatdf s Gasgme. g. in

i tabl i d | kal j Lution.. Th h l'i sted
Fechni ages T5<gaaRess gyonst [HGF ola Beqdlfo Hen IS UBMES of “Fai f or
nmechani sns, thiskheds BEY® uhP(WItch akels tplateassmentn apditehi Bavind a thickness

responsi bl e for the maxj num of achi evable targets: First there is a

tol erance BYtahlgast RS [HRYIsiUsed- i thiscgaserihewanpnamfastecenpariaysidsay Bg  t he
| am nates t . erial. ' t he: I of

mul til ayer rggﬁvggllﬂ@@i %?E@g%ﬁ%%h ;E)'Jpglﬁsésf‘i Qﬁ%r’t %@%Fﬁ%@@@r n for
further suameiesneaid 120 cypedrdapgdr, Whizhfariyisdtes foaathe dapalystriayer fot ruct uri ng

the outer |ayers). Therefore |ndustry has, devel oped | am nation nethods to
| nduce 1Bhe SRAEISHEURS OFE&ls baie STBbehE Berars B SnaRe SoMper
tension in éﬁ@d@!{ ét%hed Cq/\?p‘kgnﬁlé F&Eﬂbﬁ'n (bow and tw st). Since the elongation

nodul us of prin curt Tamnates are different in all three di nensions
(x,y,z) the deviation achieved could be defined to be within 25 250 pm

bressi ng. panreei ol [Feftecblif Hred bl okrBaBthe o0 ofa | ° O

regi strati QRrib8) SFANGRSHethdnisis NARILE Mave 30 deRBIRIIntd B MPBRHE whi@duct i on
steps require registration to a reference point 30 (or to several

ref eredbe poenesHonsirle &r tsachaximtier efrahigusbia araets: provi ded by

First there is a tolerance both in x- and in y-direction (warp and weft) 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 yield of the finished board (prior to structuring the outer layers). Therefore
industry has developed lamination methods 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 registration tolerances: All mechanical
and photolithographic production steps require registration to a reference point
30  (orto 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 pym
across the surface area of production panels (which have a slze 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
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In the fourth place there are developing, metal resist and etching tolerances:
Chemical development of photoresists always imposes 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 expert skills. The
same problem arises when alkaline or acidic etching is used to generate the

25 cireuits. In this case a so-called over-eich factor has to be taken into account to
reach the final (target) dimensions (£ 10 — 40% of the total conductor dimension
tolerance as undercut). Pattern-plated outer layers are firstly subject to a £ 20 —
60% 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 to physically clear spaces between conductor
structures which have a line width and spacing of smaller than 50 ym each.

in the fifth place there are drilling tolerances: Mechanical and laser drilling
generally suffers from tolerances originating from misregistration, (rotational)
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tol erance as undercut). Pattern-plated outer layers are firstly subject to
a 20 - 60%deviation in copper |layer thickness. This reflects the
deviation in etch depth resulting in etch undercut. In addition
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Ending up with circuit traces that have a line width of 50 um 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 electrically connect
semiconductor chips or semiconductor chip packages having a very fine pitch of
connécting 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
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hi gh frequency applications are limted due to this roughness. 25 Using the
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the walls of the through holes. In a last step, the deposited conductive material is removed by mechanical
polishing except for in the recesses and through holes. Selective deposition of conductive material in the
recesses and through holes only can be effected by selectively activating the carrier substrate in the
tfrenches and through holes by means of laser irradiation, a substance that becomes electrically conductive
when laser irradiated heing deposited onto the walls of the recesses and through holes.

Further, US2002/0129972 A1 discioses a method of fabricating an electronic structure having embedded
substantially flush circuit features, which method comprises: providing a first dieleciric 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 botioms of said trench features; 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 material is exposed.
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by d_enrangs rplistdedmehsiach T;mmrsaﬁcjamme anraEsatolriadaof d'rancéte;fde;nibiqf;cfﬁmr ri gr st as .
menti o erei n .above.,. Fo s, burpose, circujt carrjers wth,conductor
struct Egesqh@\yﬂﬁd‘ ?ptﬁ'ﬂﬁih %‘l"{e@i ﬁﬁﬂ'&?%r@atgﬂgda%ﬁ@@‘égh %‘?1'8? OGRS r i ng

density

agiteedpacas i ncreasingly smaller conponents are needed for use in

manuf acturing what are ternmed Hi gh-Density Printed Circuit Boards. The
met hods nentioned herein above permt to formtrenches and via holes in 10

echni que. AT Y0 EErS BaidatirSHbatk b ATt ThRLERs &R o AR M Bk oune er s
limts wherlgmehe HIr st tobed £8eihgnesn@acutad Ingng tasbeangihbls eudér feorh ar ger
nunber 28f conduct or :
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30

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 HD! resoiution; 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
outer signal layers which also serve ta electrically connect eleciric components,
a vast plurality of process steps is required to manufacture such boards. For
producing mutltilayers having a usual board size of for example 45 cm x 60 cm
by using conventional techniques is virtually impossible, if HDI circuit traces are

to be produced.

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



pl anes. For, in order to achieve a very high circuit density, certain
conditions nust be net such as for exanple an aspect ratio of

di anet er/ depth of the 15 through holes optimally suited for netal plating
and through hol es occupying little space. An even nore severe drawback of
all the nPO§EEL7881shown herein above is that the HDI PCI/ERWOI/O00Esar ds bei ng
manuf act ured using these nethods suffSfer from 20 being extrenely expensive
because of driseofithess arethatsowouit deczktiomaly edoensice becdusedae gield tunber  of

i t d i dabl t d th tt
R L R s
achi eve t hofeblhid vidlid 863rbAILCMRMTER Youf Hot fil AWM bpdditbalionB KT act uri ng

boards having ei ght twelve 1 nnerlayers and in addition two 25 outer
signal | ayeyvlfgcl\wwlﬁ adats@(hmazlbdetabg@ecb@@rrdwmrlopnaeﬁmasere@mreﬁcup@mrponent s,
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60 cm by Wik St ol P DRI VPP Bhe EREINIratRSareorod idatphhd comprThbtiRyerd HDI
circuit traces are to be produced. 30 Even if the nethods descrl bed in DE

196 20 095 3¢ nﬁwfﬁﬁum%ﬂpegeshaxﬁeqwmnabb%@ R &8 thegndivislyeh sicopklayeisc ui t
boar ds ha‘“n‘??n eﬁaerfggﬁﬁéc@ffﬁctw&ae%c%gdag@e% gﬁy‘éf Ing %{Ho%s%fréc%éé?jqplﬂl?

possibility y connec C CO nents as outlined herein

abo>/e t he/'f@ﬁrZGJDQS b\daardisEmwa@SﬁméﬂtngfamloamrmﬁemH iﬂzd}ﬁ@u’ww&?%&
PCT/ EP2005/ 000698 e of these methods wou e extrenely expensive
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This is dugp s@neﬁ@r&i@ﬁfe $hai nur‘hﬁb? Isu Ré A‘M!Inge% cﬂ?'i‘zﬂﬂ%k??é’ d\gglych woul d

not fit to the speci trons or not |b t ned

~conduct or derdeiettedrasteasaviagdinisbdd tlupboalﬂ Brumneld@mtéaMBsrtﬁthoardmwms uch

- boards it has ed out that the yield decreases drastically when very
fine circuif® "ﬂtﬁgé’g@e PPEUUITES- and conpl ex nultilayers are manufactured.

Due to the sequenti al bUI | d-up of the individual signal |ayers

15  His therefore the object of the present invention to provide a method for
manufacturing circuit carriers that permits further miniaturization i.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 sus’caining high mechanical
and thermal loads. Moreover, the method shall be cost-effective and easily
manageable. This will of course also comprise fulfilling the object that the
manufacture of such carriers will be possible at a high yield even if HDI
conductor structures are to he 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:



I h the boards manufactured according to any of the nethods disclosed in DE
196 20 095 Al and EP O 677 985 Al, the failure rates on each individual

| ayer 10 sumup so that the reject rate will increase dramatically even
after having only finished a relatively small nunber of signal |ayers.
Since such failure can only be detected after having finished the board, a
considerable | oss of boards will inevitably 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 i.e.
formation of smaller-di nensioned conductor structures and a higher wring
density. Extrenely fine conductor st®uctures are intended to be thus
formed, said structures exhibiting a good bonding strength to the

subst r at §) Pweidity agdriatddauitbdaedt di ssipation properties as well as
sust ai ni ng_hi gh nmechani cal and thermal | oads. Mreover, the nethod shall

be cost - Rff¢eatingtaeirgul hoard,on ahleagtans sidethereofmith agielestiicse al so conpri se
ful filli | aCt o . I , . 1 L1l b
bossi bl gL sl dplotc BFprd At At Bs Bha WRIERN u8ing Mber, Do

pr oducedalsatibnyithd trehehenhelgexdénding demplately Zbrough ihe didldatric;a mai n board of a

conputer for exanple. These objects are sqolved by the nmethod as set forth
' o ai rdiOeRRENRg ¢ pEMES wonﬁm&eﬁ}tﬁ%auagc%eﬂ%ﬁcﬁ*@ RCYIR %1 ai m 17.

Pr ef er r ege R B M@ laldior g HRARNoAhE profRd R8tkred the sub-cl ains. 30

rP@«-?tiH . al ns.
The net hod serves to manu#acture circult ca?rrlers such as printed circuit
boar ds, aid yiasanhi;ers and nultichip nodules. It involves the follow ng

met hod teps: .9 a) Praovidin ri.nted circuit board; b) Coating the
circuit %o[g‘rg%oséwga? r’l‘%ﬁ@?y%rncé'ﬂgi?‘bépf'WSF Pfwith a dielectric; c) _
St ruct urygiHeReiHsefid Viss begRioaspleiendrillcaamelRtaTer fokRmgt her ei n using

(“I aser ablation, the trenches not extending conpletely through the
di el ect r¢aniduglor Bbpickires thereinpandrer | ayer onto the entire surface of the

diel ect rﬁ ﬁe%oving 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).
The method of the invention is designed to produce very High Density Printed
Circuit Boards, utilizing an electroplating téchnology 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 manufaciured 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

(ﬂ of this board are formed using any of the tenting, pattern-and-etch, semi-
additive or other conventional techniques described herein above. The traces
forrhed 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



depositing the prinmer |ayer onto the walls of the produced trenches and
vias only; e) Depositing a netal layer onto the prinmer layer, with the
trenches and vias being conpletely filled with metal for formng conductor
structures therein; and f) Renoving the netal |ayer and the prinmer |ayer,
except for in the trenches and vias, to expose the dielectric if the
prinmer | aY&20%db648en deposited onto the entire surfaREVERRORRAONIS step d).
The nethod of the invention is desi gH’ed to produce very Hi gh Density
Printed CimeceasiesBoapdskaging beds tagethereles trenghet hegefbex timabbextend
metallize thre eﬁi{gﬁnsi o&&j .st?rgctures created in dielectric material of
any ki nd. ﬁ?én@ﬁ UGl 1 ¢1el86RICd2YE be provided in nethod step a) is a
conventionally manufactured printed circuit board. Such boards are

manufactured by |am nating individual circuit |am nates ‘tg‘get her to forma
doubl e si dethe®printad|diicHipeprdbring 2 base layaragntnier abe Sedhilizediasut er si des or

on i nnerg | r o l-am t i r > i tenting,
patter n-5angs¥'§lp yﬂ@%%ﬁsda@hgtéﬂé@r%ﬁ%ﬁ %agrn‘? eé‘%mgﬁ’??# %gﬂ%ggﬁ%ﬂq réeés-é%descr i bed
her ei n abovand fhee/id shoeisred forecheta pldies armooratuctivelypoavieced tothd ogsef the
board naterial, _ov r.I%i n same.. There Eon ioh% may rest with a sufficient
adhesi on wilg¥er Rer figiPy Sﬁa‘?@?lﬁ"'&lcomﬂ?g Aes for sHRalWnceUrEtRatiase connect

di fferent Ctﬁfﬁ‘fll r [ ' i A .2 general ly
extend conpl et gﬁye%ttﬁﬁh%g%%tmjlezg% p'?r\{@% H’cﬁue}E g{éto;f ;ﬁie ?Faé)%eéfhﬁﬁ'ﬁféa["reenches
serve to i ntaredhaeisttofbersteucturptie vias to one another, recesses for
packagi @g pads for electric conponents to one another or vias and such WO
2005/ 071 681 PCT/ EP2005/ 000698 10 recesses for packagi ng pads together. The

trenches t hRiESRIURNMAL 1BKERASIcofERNEL & tnd Sriidiordiclirebaret ¢ | ayer.

"The printed circuit board being a base layer can inter alia be utilized for
(5 suppl yi nghatisiteie faumenfhaseiocT ho chiddater stristire patern mewiheeaxarpleci rcui t
‘traces comprise both circuit traces and packaging pads for electric components and

metal areas, for example for shielding or for forming capacitors. Herein after,
16  the conductor structure patterns to be formed in the trenches will be generally

referred to as cireuit fraces.

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 will 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

N

lines and spaces being below 50 pm 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 to 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 provided with conductor siructures of the HDI-type. The HDI-type
conductor structures will rather be formed on the outer sides of the circuit carrier



and the via structures to be netal plated are conductively connected to the
base layer. For this purpose, electric 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 ¥&Y0REP6Mds to the conductor structure patter RCT/ERWPS/908690 be
formed therein. The conduct or structte pattern may for exanple conprise
bot h ci r cui by pede@sing ke pmthedstegpspadyotiph Nedfdbe inventionporfestitwillig net al

areas, for g far, shieldinhg or far form capacitors. rein after,
15 the condtbEireo i e v rBbne b RRS SRR R SERuRIE W T ' be
general |y ¢@fducterdtivenass @ bridrto bllc@a@@@mp@ﬁti\% Mahuftiwetther@of aiwent i onal
printed circuit board as a base layer to form thereon additional signal

| ayers havi ¢Rnstar aae highsiuglii ne conduct or structures 20 with the nethod
of the iswention, It will be possible to at the sane tinme manufacture such
circuit carriers with the integration density which is required for a

coant er syst?mqmecbﬁwcomambd hellyamdntriactored bentedr d@rcaitdoahdas dbagt a  hi gh
yi e even jf ultra-HD|, conductor structures are t e, produced e.g., with
| i nes and slﬁé{%‘é%'}od‘éﬁ W&If%@%awt%%%@‘%&ﬁye Pﬁ“ﬁf@d?”r{%%‘?éifﬁﬂb\p?ﬁfﬂﬁ?i ng and 25
el ectri cal Wi . 8 ) GliieR VABCHAGS s first a
conventional pri nthe cigécgﬁi W?ﬁrfgﬁg?g@%wrﬂ ngevg?ﬁ S ng?lr&gact ured

usi ng wel | -stagteaiesiophbe avdendides thereaf, thiscmeitayperphoSisdieing pedidrimdsoayr @ bei ng
provided with innerlaye Lrcuits, if required,. can be exam.ned. to the
absence “of &Y &6% a“Br‘%&f'e %Ct’fvgrrﬂ?mﬁdtwleﬁﬁ?m%”a’ﬂglantﬂ'85@(%&(91{0?H@? ut er
sides thereof. This circuit 30 board will then be further processed
according to the invention by applyi ng the dielectric, structuring the

di el ectri c Hmrimediod altherisvessienusrois 3 prastigedBesamextrrmelydinesoagustor med i n

provi ded wTHCAERBuLTATA eTE A e SRk ot YR MG sfibl L bt or
st ruct ures wp,lih arsiihprr mbanéQicorthiexcitdné canters havilgemahy thedwitsicui t carri er
WD 2005/ 076681 PCT/ EP2005/ 000698, 11 ' ) .

15  structure planes which comprise conductor structures of small dimensions and
an ever increasing wiring density. It is thus possible to directly establish an
electrical 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
componenis 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
cartier 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 unnecessary. This again improves vyield and hence



by perform ng the nethod steps b) through f) of the invention. In fact it
w Il be advantageous to provide the conventional circuit board with
relatively wide conductor structures in order to allow conpetitive
manuf acture thereof at a constant and high quality. 5 Thus the use of a
conventio nuf actured printed circuit board as a base |ayer allows
mel i orat i %Mﬂ% 8t -effective non- HD printed circui t PEYEFHOPY0Become a
hi gh-t echnol o zéﬁCI rcuit carrier bei ng provi ded wiith finest conductor

struct ures SRFLPOREASIA BYisragiguationarabims apsariated Ay PHEdameetilg i f or ned
by a 10 ver r@(ﬁgx fective nethod while naintaining a high
producti on [)éél m@?:ﬁ) ﬁ&neﬁcﬁg{l of the invention permts to produce these
extrenely fine conductor structures, such as circuit traces and filled
vias, in o t hod.ste to bUI er | ex
circuit ca?&%ﬁ?[% NG 1§ rﬁ%ﬁ%‘?'&&’ﬁ&ﬂ@ qﬂori{g ﬂ%? Fh%q!ﬁ%é)rﬂl'ﬁﬁé@ W@W‘ onpri se
conduct gr Sﬂwéﬂﬁieq’bgghﬁéssséﬁhé pHEEE BEL Ay BREve N HRVAEEIdcHT SRFIHECIMUR NT
density. It is thus possible to directly establish an electrical contact
bet ween semd@aifduvenrsneahgbesaane amlletsrt@fcpramm@ﬂrﬂgerwag:t planesdy on t he

Contact burosi e s BT ES BBy R plo RS alioRe Bypu BactThhERBAT< ore

i ncr easi nglyasitTHis c@sﬁkrasnsmhﬁ doeebhlictize cduiCeartibe tMat arre PeapdRenks are
required to feature a ver gh integration densi t?%dd is thus possible

to direct| yCoRpsf sed ateria J@iﬁ:@%fm@dﬁww@ﬂtyn@entg@ BREGEnse chip

packag W I i trix or
E furtﬁ?r (fj&fb t@%ﬁ(%rar@é' ?E/eggéf e%Yﬁ gt d?érredeé%?ag téf%e%ﬁ%&ﬁg&g@ﬁgr asted with
prior art rmitdudslsomyatvmlscrbadhlyepdssmttemaﬁofactUTe imbedante-tomesied and the
vias are to be manufa ture separate steps, which requires

_addi ti onal GEits HeRaH %‘E')PB hedﬂv%fﬁ all of the structures can
preferably be nade in onIy one single nethod step (process operation)
using the nmethod of 30 the invention, meaning that the trenches and vias
are formed Bynfilihe tht ¥be endiambedding ﬂflemincuihmgeaijeﬂﬁdiehecwmamn aany

dem)um '5N9 p%nrp cularly TPh gq%t'brzlagldoc}cf ﬂ:[leh Fhe élrlé:;lrjer to the dielectric is achieved. It has been

found out that copper deposited in the trenches and vias adheres well to the

walls thereof. As a result, the circuit carrier formed is highly stable to thermal
and mechanical loads. This is achieved /.a. by the fact that the circuit traces,
which are embedded here, are subject o smaller shear forces than circuit

20 ftraces proxiided 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 inferconnects such as dog bone pads or fan
outs as well as residual rings could not be observed. It is moreover possible to
produce impeadance-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.



carrier in the manufacturing plants being required, such that additional
regi stration steps between the individual operations to be perforned for
formng the trenches and vias are unnecessary. This again inproves yield
and hence WO 2005/ 076681 PCT/ EP2005/ 000698 12 cost because m sregi stration
probl ens YOHHGEEY with such dermunt'izng and renount i RETERZHRAOECur . The

dielectric _!:qﬁjgr eferabl deposi ted o.the circuit board in auch a manner

5 that t he gRgles %‘ﬁ Vigé %ﬁ&@@p&;ﬁw&gﬁ? Wikt metsh TarHeraing ICeReYEer and t he
circuit fﬁtur%s‘fﬁéﬁélﬁﬂé }ea-tﬁg% 2% %ébo{jéiﬁét fafe not'hg‘rﬂ?rruffgéthhe%f circuit

pl anes by epositing an | 'ayer o ectric onto eady formed
circuit tr airesitaadidrst Bgdomplels yfﬂmgsthecat:emssa mioteh s ecure dyondiogalf the r cui t
made fr.om a d material,. Thi

orevent undORE B 1T chdARedo ToF PRt ats Hes FradbaoGIEae I capl

undesi rgd caRashd epeRed WM ﬁéﬂBé‘@am?leté]fﬂllé-‘d WK nictal But Rdfter! dovéﬁthreead' ly
possi bl e to manufacture inpedance-con circuits usi ng the nethod of

t he i nvent ivalls Bereqaf] Bmgrrtnl@e\frﬂl@g thadecansed @i lager sanizstiacea ts gengeeledi n t he

di ol ect i ¢ HeENEhn iy Mo PR LS it e SbBbeBBut kb s TR Bt | n”ine
trenches artbemhalsstastaeliesduveid sél@eﬁrh‘%or veib lbanting! Thé safs: affgceiul t, the
circuit carrier forned i s highl le to thermal and mechanical | oads.

This is acHicNe¥gd; if e tgnghes angoviag AR camectad ewachitheles, which are
enbeddqg here, are subj ect to smaller shear forces than ci rcuit 20 traces
provided on top of outer |ayers of conventional printed circuit boards. As
t he tr enchekheamethodhsf theenvetiphds ebst-difdciive ant hleaabiyrmaihaigml‘e iler al so

features ver d heat, . di ssipati,o roperties throu he c tion of a
solid i dnuetinngaRulay Bt Bined Rl bocus seing ot eatiot o, from
one |ayer i | nyormngthe
associ at ed @gﬁ@)@n&%?ﬁgﬁgfﬂt}fn@%ﬁﬂéﬁl {égggnrtl%uﬂgﬁegfi éwéé@EQEf i nt er connect s
such as do@cborrmnmm@no(msr@glstmos)a:@@mjsladétscowodndw\nthue\@sy siogled not be

obserVﬁg. g?yp%af%?érgg}/num 8?8% 1aygrsteﬂ'e row & %he?ﬁ)c?ggsr}ﬁge sﬁr%néfrt alesleed

condue differences requires compensating corrections. Fine circuit traces with small

spaces there between on a multilayered construction therefore face a
technological challenge, As a result, the cost for processing increases with the
number of layers and the circuit density. The method of the invention permits 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 ptanes 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
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The exclusive use of an additive process for depositing the netal in the 30
trenches and vias in the dielectric dispenses wwth the etching steps for
formng the conductor structures. This is another reason for achieving a
much inproved definition of the conductor structures and, as a result

t her eof , AVQ2HEP766]r ucture thereof. WD 2005/ 076651 PCPCEERODSIPOBSOS 13
The trenches and vias are conpletelyfilled with metal for formng

conduct or  epilidt beeynestaabinivallTave Mmeerdifficsltdo fertue darodgh<dated amefal n t he

manuf act ur e, Qf i it T Ler sy : | Yo fgid 1 1 ses a nore
secure bond}a&Sr gglhbﬁlgét-crp%@Fél%é?h@%gﬁ@@%tﬁécﬁ, ﬁ‘cdféfgmrn@ﬂ?’ﬁb%ﬂﬁﬁ% the vi as
is made posasimly domarisd atttheir Bppeesndiloder rignahesanaugsoniotwitieh esyigtl et el y

filled with netal rat her cover the walls thereof. By conplete filling

the r ecesseE’aéeﬂ'aA:r‘Q{_Bi%tbdﬁf‘%@e%f%étmgméﬁg&%F@@U%E\D@étﬁmsyr?@“’te\ﬁdor’f@%ta: _ ﬁr eas
to be C%ne%s@iarﬁ@ﬂéo?g%ﬁg?,ggﬁs&ﬂ]s 1573 n@@%@g{&uswﬁﬁéﬁhc@%%@&gﬂe i ke

during solderrng or chi i'S achieve
t renches anthatasordirgyly sized arext dotheguinted biecuit bd4rd Trén thet Varibusfplditess

invention is cost-effective and readily mapageable. |In ufactyrin
mul tilayer eaafmqsffneééﬁea%&fmm%a? G ?’%C%%%gﬁq @ﬁﬁl%@f’fﬁ%a@{enﬂon )
posi ti oni NOyREERFS afiils BN RRIhEIhe BRQRRY %Pc%e WHad F‘d“é%ﬁHW&éﬂﬁ%da' ayer

accomodation (m sregistration)y are caused to compoun every single 15
| ayer. |f alagdiess desigreThif ensayes 8 signdficanbinctese it lvendnctoepsikagirgum of

t hese {fferences requires conpensating corrections. Fi.ne circuit traces
with snﬁql Sgrﬂ)sé@eass W%@Pg bﬁ%ﬁ'qcﬁé% Tg’ﬁ Oé’eﬁﬁll Q@F%%PBW%BQW? Wion therefore
face a techndi@sbppl challenge. As a result, the cost for processing
increases with the "nunber of layers and the circuit density. The method of

the invention permts to 20 reduce these di sadvantages, thus reducing the

T nventi on, A8 7 I8 PR of taneBbBE o bas I beg mlt BB TR LI ERLA of e

di el ectric foamneig donduetdrastiichgeonoeh adeircutetrdad aicidyiag fughgh f)
menti oned herein above can be_produced . . . .
15 method steps can be performed, ancther dielectric being deposited onto the
dielectric of the circuit carrier comprising the conductor structures being formed.
Said dielectric is then preferably treated according to the method steps b)
through f) in order {0 produce another plane of conductor 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 ¢) through ).

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 conduector 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.
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( advantageously in one step by unique positioning through copper filling
by 25 electroplating. Two positioning steps and two el ectropl ati ng steps
are thus reduced to one step each. Successful nmanufacturing of finest
conductor structures is nore particularly possible because vias are used
for cont a¥Q 2§5/ei66%ler ent pl anes of conductor 30 strucPGTEBW00FHI06S80f fers a
nunmber of fundamental advantages ovedSthe use of through holes. As is well
known, through hol es must be designed fromthe beginning to have a |arger

di anet er ( end n._the th,.since wth. increasing WO
20087 076685T %@%&8@@%@% Sfﬂdg‘gﬁ‘f H‘aFtpr%’gE%?%’s"Et’%@Pﬁw{g@QW\Q ever nore
difficult t@nfepsions: wmtﬁlw%@b@émra"@tsak 10Iﬁ8@mnva1éa@1t\w&hétamxﬁface§et al
plating met hods. Additjonally, through holes usual onprise at _their

upper and | 5Wer 50 Hﬂ’amngterrqfﬂgeswamfﬂm&mumewgth oﬁﬁteemaal% wh3&h is
needed for sir w&h‘ﬂ’ié %%ﬁ%ﬁggﬁﬂfédﬁg’egpgﬁ% ;}c?ﬁ'iieg%@gtsg tdle%ctT

di amet er of"t he 'hol es |ncEeased SO

t hat accor diimgtiglesitietpiradighasra thivknpss of 8@1-clid30quint board or in the various
pl anes cannot be used for form ng conductor structures. The nmethod of the
invention therefore allows connecting the trenches and the vias to each

oo LSS B SBRMISS I Berppesaage |0

conduct or packagi e over
process- opepradudg:mmfrrdnmbmedmmndbeabhdrVIas mfeeemgathm ’rremdmsé:m:r@fviasanduct or

t t d t he | d t t
Sueh: oy BT Hieteltara prontrrc EiReler indliss S Bipd harhe ash o o
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circuit carrier COITpI‘I sing the con structures bei ng or med
dielectric ¢c§retspendrbmmeemmess 10¢ treedielactrior thayganocartiactmirchibtrasgeips b)
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the foll OWI ng
15 After the first plane of conductor structures 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 f). 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 be

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, Dielekira) or
Thermount (DuPont). These materials advantageously provide the multilayered
structure with dimensional stability, [n the case of glass inseris it has been
found out that uniform ablation is possible by using flat-woven glass (Isola,

Dielekira) with an absorbing coating.



20 further method steps which are perforned once or several tines after
nmethod step f): g) Depositing another dielectric onto the dielectric being
provided { with trenches and vias; and 25 h) Repeating the steps c)

t hrough f The other dielectric nmay thereby be nmade of the sane or of

anot her m{QFO3P76681The et hod steps described can be r EFEAPNSHYEENdi ng on
the structure desired for the circuil® carrier. Fi nally, a term nating

| ayer can be deposited onto 30 the outer planes of conductor structures,

D conaP rrbPefiriSle the ICRIIAG hdifel BHARRB BonSKING EE Meérid ¢ gl oui t
traces from corrosion or sol secon resist or a
per manent resestd,emﬂ'neommcanﬁl ;m-aptagsa(nsmﬁigecuneds(s*sig;e Bh@as@ébaﬂmai zed for

this purpose, said i st, bei for, ex struc ed .

bhot of 1t hogt LS 8T GHSBENT BEH S BERSEITDBBBORTS HhEapiebduced ci r cui t
traces and fididdsvi as preferably have the follow ng dinensions: wdth of
the circuit traces: < 10 - 80 pm height of the circuit traces: < 10 - 50

pm dianeter of the vias: < 10 - 80 pm length of the vias: 50 - 130 5 pm

The di of ect | PRt ybreatss PSR ehPficefoli “so - 150 pm P oduci ng 1 enches

and vias in the dielectric thereby also conprises the production of
conbi ned trenches and vias, neaning that trenches having vias 10 faornmed

therein ar eLapmodhaomthﬁ onesituaachwittseappet urlé¥sprage fornmed thereafter as 4
result there Sai-dst et Ures J:vownrj sine-—citreuit—traces—wi-th-filledlvias.
If the vi as"‘\1 é@se@%ﬁa WBQ he thi cknes< B L L@S’r?épfégeTQaHQ Fc, t hey can

contact ci Tr—di-fferent—pts € or—struettres—i15
After the fE?§§6%q jhébgf conduct or struct@?@zpsﬂ?%@%b t he pr| nted cifcuit
- board, wh T LRIECTTTC, prefgiha re—dietecttic
_during the Q(ﬁéin%()ﬁsls JP@?qb{lﬁr her pl anes %;3 @8%0[{1 ﬁrdgsg gtures The
printed cirgAliN4gROd 1D, AlgSTSEET VeS as a ¢ayr NehodIBTbetg ip5ed he signal }ayers
A5, N5000 BT, Tg 185°C B5. N5000 BT, Tg 185°C

AB. AKAFLEX KCL P! B6. AKAFLEX KCL PI

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, [n the case of the
printed circuit boards, the vias are made in the dielectric at those locations on

16  the prinied circuit board where metal areas are provided which are electrically
contacted through the vias. Further the method of the invention permits to form,
concurrently with the upper circuit plane, a second circuit plane on the botiom
side of the carrier material.

20  The method of the invention also permits to manufacture multiltayered 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 utilized 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 cartier is



20 being fornmed in nmethod steps b) through f). It may for exanple be a
multilayer or a sem conductor chip. The circuit board preferably has a
sandwi ch structure. FR4 and FRS material, H gh-Tg FR4 materials, BT
resins, c%@@_gster resins, APPE, EPPO RCF, LCP (I iguid cryst al

pol yners) | 788831 yi i de can be 25 preferably used aBCTRBG W ric. FR4
materials are particul arl é‘c pr%ferred because they are cheaper and may be

processed rRATHCHARY resistanblogsramation snslio osknsRasitivg Bhehatgesdl or ity of
t he ot her ' | A r & specifically
filled wit ﬁ%ﬁ%@ﬁ%ﬁﬁ?ﬁpgﬁ%{%ﬁ%@?ggangﬁ'ﬁéﬁéuﬁ%ﬁgfoﬁs% ity such as
| aser glass (lsola, Dielektra) or - Thernount (DuPont). These materials

advant ageous| ovi.de t.he,multil,ayer . Sstryucture, with,di nensi,ona
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absor bi ng coati ng. 2005/ 076681 PCT/ EP2005/ 000698 6 For exanple the
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materials: Table 1: Exanples of material conbinations Lam nate with one

side clad with copper, Prepreg Al.. Laserpreg,  Tg 170C Bl. Laserpreg, Tg 170C
A2. 15620, F@'W@@JOH@@&WS?@% spg |a3q1 (jebt rngy beglireckechentaihe Nna00o- 13,

o Tascoss Meath e ek GIcoRpptaR it R "o 10

such type amediieorééreirgroducs thewssation steyciurey. inahisecae, thdagosudedr Vi as.
The et et s LSO, hhS ot B2 M Lhol eby bey usgd s LSt op poi
L boards or grranged in the pattern to be produced. In the second case (direct focusing
process), this method being the preferred alternative, the laser beam in-focus is
15 guided over the surface of the dielecttic so that the embedded structures and
vias are formed by the “writing” laser beam (direct-write technique). This direct-
write technigue 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 to a reactant gas, for example an oxidizing gas, more specifically
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_.case, the

sem conductor chips may be contacted through the filled vias, In the case
of the printed circuit boards, the vias are nade in the dielectric at
those locations on 15 the printed circuit board where netal areas are
provi ded which are electrically contacted through the vias. Further the
met hod of &R Ht i on pernmits to form concurrent |y PGAER2003@IGASHer
circuit plane, a second circyjt Ehanéson the boftom si %ﬁ of the carrier
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been treat e% I'n accordance wth the i nven?)igjgn, said circuit” carriers being
opti onal | y camastwithutiieydiemetrisctugthce tsémuolian eaustyheith byadiatirigatheelieléctri€or t hi s

pur pose, a printed..circuit rd that is rovi ded on, both sides wth

di el ectric $'§qu.ﬁeﬁ?'#}g't? %895 ﬁ%ﬁ ﬂi‘% %%‘? maﬁlfgﬁ%@rﬂﬁlﬁ({ﬁegi%mf%ﬁeﬁm on both

si des of5 t h@ieRictriRWdrfReaddingthb Reps@neer of the invention. Thanks to the
solid copper connections between Fhe | ayers, the circuit carrier is WD

2005/ 076681 PCT/ EP2005/ 000698 17 particularly resistant to deformation and
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of the 4Pt chisfal e i | [ ' For

| aser a1[)q) at i on,e Husar%3 %%S%’?”%M@?:E@?g tcf gg}g?ﬁ? #ﬁ%@e@@m@gﬁﬁb@@t@f@% o the
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addi ti onal | sed in order to produce the ablation strucifures. In this
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laser pulses being irradiated to said surface area. Therefore, if a trench is to be

formed at a certain surface area less laser pulses are required to form same

than if a via is to be produced, because 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 laser 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 resul 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 tool
may also be used to prepare the surface of the dielectric prior to further treating
it for metallization (laser polishing). The latter especially ensures high-frequency
conductors with very narrow track telerances and high resolution.



surface regions of the dielectric in which the trenches and vias are to be
produced. For this purpose the | aser nmay be defl ected using high-velocity
20 mrrors and adjusting the laser to irradiate it at different angles onto
the surface of the dielectric. Further the energy of the laser is

control | eV UHPPAE6HLI ation. This all ows the producti oPCEIFPROOSHEsIESi I ed
planarity and precision. In-situ redPstration abandons all other
traditionally required registrations and all the photolithographic
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pul sed 1 asepith Fpechtly el BaRIBHHCIRE, S tdithel Re B ibRbIReal ed
dielectric material can be - adjusted 1 n a reproduci bl e manner since every

_-singl e | aseprogutedin afirthirdaser siepldtithe thtensedtin of therimnghes, Miasoarder t o
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acr oss the intesseation: PepgRfing cadadtredigtedrnasae phipedrsrirand on the material
of the dielectric, the vias may have a thickness that corresponds to the

thickness of the dielectric.

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 dieleciric if a trace

{ segment is to 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 to be generated the laser is scanned at a lower speed than if a trench is to

30 be generated. Such procedure is necessary if the power of a continuous laser
or pulse sequence of a pulsed 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.
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" 15 of the |laser beamirradiated to the surface area of the dielectric to

depend on the depth of the trenches and vias to be produced thereby
setting the nunber of |aser pulses being irradiated to said surface area.
Therefore, if a trench is to be forned at a certain surface area | ess

| aser pulses are required to formsame than if a via is to be produced,
because t NP PP EFSIhas a greater depth. The 20 same pr PREEBRUSANGSHe

enpl oyed if a continuous beam | aser iZ8 used: In this latter case the power
of the laser beamis adjusted to depend on the depth of the trenches and
vias to be : I | id Al ' f
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projection layehy the | aser direct focusing process, said trenches being 5
preferably oriented to be parallel to each other. Next, a second bundl e of

~trenches is forned, these trenches being also preferably oriented to be

parallel | {PnERAhAIARY IoAAmERLREARAI] Bl RERRRASS, Bridiind br St bund! e

at an angle e 900. The trenches of the first l e may for
exanpl e be freatmaht with me aclivaborsi motehepetiiiedady withondble mpetélacteatomplfer i n one

plane iy a Lirshlaqeh, ot L0, Ushag. & bar ek R BsHissbang at i on of

protective colloid activators (Neopact®, Atotech; X = palladium ligand) or with
monomer solutions for forming conductive polymer layers, for example so!uﬁons
of pyrrol or thiophéne or of defivatives thereof (Seleo®, Atotech) or with carbon
suspensions (Shadow®, Electrochemicals), or by sputtering. Neopact® is

20  particularly suited for metal plating PTFE and polyimide. This process
comprises applying a palladium complex of a nitrogen containing ligand,
preferably an aromatic nifrogen 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 piating 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.



with respect to the radiation device, the trenches of the second bundle are
produced in a further |aser step. At the intersection of the trenches, vias
are concurrently forned since, as a result of repeated | aser abl ati on,
nore material is renoved fromthese areas than fromthe trenches outside
of the poi'hP 800807668 j nt er secti on. Dependi ng on the irr XGTHPEYPSEHEIy of t he
| aser and on the material of the diélectric, the vias may have a thickness
that corresponds to the thickness of the dielectric. If the nethod
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pre-t r eat edekarhplecextileit puchpropediest is applied. A plasma 5 desnear process

foll owed. by a chem cal cleaning process may be utilized for this purpose.
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cal polyner etching processes may al so be used in lieu

Then, the metal layer is deposited onto the primer layer by electroless and/or
electrolytic (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
metals are also suited such as for example silver, palladium, nickel, cobalt, fin,
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) depositio'n, current copper baths are
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
the capacity of uniformiy filling structures like in pattern plating. Using
electroplating copper baths for forming the metal layer, current copper
electrolytes are for example 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




of the plasma desnear process, for exanple an etching process with al kaline
per manganate solution foll owed by a reduction step for renoving resulting
manganese di oxi de. Current cleaning agents are used for cleaning. The walls
10 may additionally be conditioned to ensure inproved formation of the
primer layer. The primer layer is fornmed according to known net hods by

per f or ni ndk{%m‘]?/ro@ﬁ]rrent with rret al activators, nore sp&&TRRRUFPWMH th nobl e
netal acti vators for 15 exanp 2Izad| um activators, nore specifically

PdCl 2/ HOI - rrpaﬁ@nne@&mf@tep)rrmyetm utU@eéonw @aﬁduﬂb@t@féal(llﬁélﬂéﬁ%ﬂ@ﬁ)m
Atotech; X 3 'c!eﬁ‘f?‘ﬁﬁﬁﬁ b @&{bdézd@( Wl Gl JE\TREe %8}nptobﬂl5‘§ <-1I gib fsm ng

conductlve po ayers," for exXanple solu I ONS | ophene or
of derivati gelogrbpylpafsu(fiel dieddilm thcHt@cctu)noentmtubﬂnotaBtiom mil$pesierons

bar 1 cul at | SISk E RVRIM RR AkopIER B Me-E UG BBPJo b sreio e heppeides s
conpri se aemém iy ) d st 9B B abnBeidichaan £oRbghii ng | gand.

preferably an aPomat c nitrogen containing ligand, e.g., am nopyri di ne,
and ther eaf ter redum ng the adsorbed pall adi um species to beconme pal | adi um

nucl ei rane A o ch S oran te (borohydride)
or 25 di rret E? gpgﬁeoqat’f@wﬁ%a%érrén%ﬁga%rqrprgrrealf'gaaygy deposi ted
using a di pﬁfdesdmgcmeﬂwbaran@i&bfmehcﬁmfbe@@ﬂﬂﬁy bMoriz6htal §&J¢EB§IH§ nfsthéd

m cro-syringe or mcro-pen technjque or a |'aser aerosol technique. Such

di rect depodiithithm elaiiohderl batg wwpliektp the raplierigl almieh seeed ead Mjthconduct i ve

coati ngy@r atalytic to electroless plating onto the dielectric
surface“?f o&’@gﬁéq}%%@ 30 spraying. The primer |ayer may be deposited by

any of the nethods nentioned herein before onto the produced structures
only or ont& the entire zlgrface Thanks to the priner |ayer, the _trenches

~and vias ar ?8f'€ﬁéﬂﬁ35¢" gibean sleppsited pntadhaentirssyiace Qfé%ﬂﬁée%“’séo on the
~walls of th nﬁéi ﬁnﬁl ryﬁ:?me}é% 'P’r%oﬁér%%@% \%‘%é Eg%%éél‘f’?ﬁ@%? 21 In one
e i nven

enbodi nent o t he l'ayer  a enti
surface rrayc!bemroahdamblfargalemceéa)metakémq;dper)hyluhm@rerawmt again frionothet he sites

15  surface of the dielectric according to method step f). Upon removal, a
planarized surface with conductive {(copper) being substantially flush with the
dielectric surfaces is formed. The eiching 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 curtent or pulsed current {unipolar, reverse pulse) may also be utilized. It
is understood that electrochemical 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 etch 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, 2507 (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



t hat have not been structured before by |laser ablation so that there is

only the 5 priner layer left in the trenches and vias. As the netal |ayer

is then deposited, it 1is only formed in the desired areas. Instead of
perform ng the step of depositing a prinmer |layer the trenches and vias may

for exarrpq’iéoa‘fo%"ﬁﬁ prepared he., activated for the suli’§é"&il’é@ﬂ§/0&ll§98

netal lization bylrradlatlon for ex le with UV-lig using sujted

di el ectri cs.2ndrafneed, & st favecornas & &%"SemfﬁaltC@i@f}@"ﬁdéﬁ@ﬂeglagémrbkal ly

conductive irradiation may for exanple be deposited onto the
bott om and {Sﬂ@%\l}%} her% Fsrtt he trenches and vias. Oganic polynmers such as

bis-(ethyl thio acetyl ene) for exanple exh| b|t such properti es 15 Then,

the netal | er i S osit d onto er by el ectrgl ess and/ or
“electrol yti ?v@? a&ﬁ*é‘%f@ﬁfj h%Pameﬁ&yr*hg ﬁﬁ@?’lo{dﬁ(épytpﬁ HRGnches and

vias arg C%ﬁB}o?'tb?'é’c é c%rﬂbm thﬂﬁrgaflechr? @aﬁaro?'aﬁ bt g{m@JI boyie. may

thereby be deposit pper or per a oys are pre era deposited. In
principle, etdnng ’Em:hmatn.wl andioebnkleotrepilisaihgsarctionisy boirse(ei@]hrplyersm | ver,

pal | adium nickel, cobalt, tin, lead, the alloys thereof and the alloys
thereof with other elenments such as with antinony, phosphorus and boron.

The netal mEyr BacklerRMHd, dch SbIBESHLSHETE Isadid ¥f Pé{ouﬁmgcacrzrr%r ghdrect

current or pulsed current (unipolar, reverse pulse). For chem cal
(el ect r ol es€emraepacalateh cas berdiized dhisber molutionsrwtippergxomonestifater exanpl e

bat hs cgpt ai r DTA flrate as
o compl 201 ng ARERe O RS IR e PRy Bl B S R PRt e B bbb pper 1 n
t he trenchegnéivd elcd®poliSEhsTIes Bomdoetat tectthidlals dRahtHgRoasIyMliZed faF ow ng
power for filling the vias and 30 the capacity of uniformy filling

~structures thigeuiReSEat tern plating. Using el ectropl ating copper baths for
{ forming the netal |ayer, current copper electrolytes are for exanple used,
such as a sulfuric acid copper bath. In the sulfuric acid copper bath, the
copper concémné rpartlomrﬂariemlpm@frmnabf bhesmterttlonl fumctibnalhayers ahaydior i’eka/mpﬁem' t.
Concentr ns, of 4 er refera n.t
2005/ 078 Slgpéepgpj gyr gggetaPlager for ma(f(orng EEGC’S’I%EII contatr\ya Ic:on’ralc
fingers and for contacting semiconductor chips, for example gold or palladium
layers. Functional layers for ball grid arrays and fine 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

L 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
technique. The cost of manufacturing the high integrated circuit carriers is thus
considerably reduced.

30
A particutarly suited first method 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.



22 formof copper sulfate) may be utilized. They may further contain

sul furic acid in a concentration of up to 220 g/l as well as disulfide
conpounds, e.g., bis-(3- sulfopropyl)-disulfide disodiumsalt at a
concentratign of 0.3 to 2 m/I. Levelers such as polyal kyl ene al koxyl at es
and the al X12%098Fbal kyl derivatives thereof for 5 exaI/EP2AHH0sEs
additionally used at a concentration ¥ 13 - 18 m1l. For uni form

met al - pl ati ng t A Repespes farirenit Mages ineludingayias apy farmeast initeadielpptdeessi ng
met hod and to p Ul ef I i W th
the el ectrol yt e?’%‘%‘."ﬁg a%g%ﬁ%e% @%%ﬁ%*”%%é@?g%%{%?éﬁgidﬁgg%gg‘ﬁa@ﬁ%?h 10
m crocircul ati osondidctiveeopniestizm Willy erwities plaeerthdigip ds ibeestodats] dhtheentire

surface of the djelectric. s that nmetal has,not only formed in the
trenches and vi g@eﬁ%&e F@%‘ma@am DPWT@QY'S,‘Q? Vd)%sp?%’?/??g?m‘@(’@g@% net al
(copper) gnust b . I f Lel ric

accor di ng to mﬁ%ﬁ%ﬁﬁeﬁ?@h&%@%ﬁﬁ iyép[) an%@?gégggﬂpgé%?wnh
conducti ve (coppblajiohef g dabsndin patts glsbifastamging theheurrehtelueingretakur f aces

is formed. The e ‘hi ng step is preferably performed at a tenperature
rangi ng from 25P5C. A chenical etch solution is preferably wused for

etching. Al terngj Tyl WallsodT tRe 864268 MBIkMg FleChhS Ard B ORRSSd With 30prehéner 20
direct current or pulsed current (unipolar, reverse pulse) may al so be

utilized. It ilgyehderstood that el ectrochenical etching and cheni cal

et chi ng y als ' [ I . € t 1 cal ocess for
r enovi néajtahe rmﬁ)?w%%ﬁg %gaglg%deB@?'@?é@%ﬁ%ﬁHt&’ngaggjr@ﬁ%ﬂg@%%op%g[0 etch step
for etching awayompletdly fill shanelameesiuhé rewpskeoMokldieg tractigsl cal etching. The
surface may al so be slightly 25 brushed prior to etching in order to |evel

(t'he metal surf a8k EXpes$emelalis Brpoved. cheni cal - mechani cal pol i shing process

B b tilizedy k& : ; t.-al i bed in:
3 el ect r ochem Vs e 5T, off B GRibeBledin (IR ccler diBREHe <l "
5,759, 427 A, t h&chip-thepeipmer edheique)Hikewise, semicumplockr etiipfsymeag Blsodece. 30

Sel ecti metal li zati on, (%f the structured .d{' electric maé/ al e carried
g n ntr

out USi embedded into a secondary photoresist or in a perman ess|s?t tRat is
deposited 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 electricélly
conductive structures, the dielectric which is deposited onto the structured outer
b layer used as the base layer of a muitilayer 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 extending as far as the outer layer of the muiltilayer are drilled

in the diéiéctric.

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

the otherwise finished circuit carrier.




strippabl e or detachabl e cover layers, nore specifically with the aid of
el ectroplating resists. In this case, the priner |ayer applied to the
resi st surface WO 2005/ 076681 PCT/ EP2005/ 000698 23 and, at need, a first
fl ash copper |ayer (chem cal copper) are renpoved again by stripping the
resist. The netal |ayer and the prinmer |layer as well may be renoved by
pol i shi ng ¥03aWan#68by a chem cal back- et chi ng t echni quecrrb:ars/oegs

el ectrochem cal back- etching techni e and/ or by el ectropoiishing and/or
by pul se el ot beltgrsirsiersiandingaX tie¢ oiviention,eefehenas iatrhatestootetfbovtiagi s of
Fed 3/ HCl , C12/HCl, or an annoni acal etgh can %(e? utilized. FEurt raer,

sol utions w9 el BREABKLEE Yesices CORPRRENLYPER PEVGH SHItEAIES OMmad as
H3P04 can begpHtdahbéath distiebgsn:.cal polishing and/or el ectropolishing. The
hori zontal technique is advantageously utilized for this purpose. In a

particul ar enbodi nent of the invention, functional |ayers may for exanple

contact D1 bt s araerBBndE @lrevXgreb TR AN s Pos T8l o o o
or pal | adi um | ayergithdrenetdigeibr bidirestiorizptesigh Withrard e tmey@elaoglicl i ne grid

arrays are thereby technically advantageous. 20 The nmet hod of the
i nvention can be usaNeHANHYIH WeVIABY | &3CBhd the vertical processing

t echni que ugj inc@TCﬁ ; i j s i que,
the carrier F}Ici‘;rlrgﬁ eria Sérﬁ?t? ﬂ‘gr&?gggﬁt%ﬁ%)H?S&l?/%é%ﬁ%?@ﬁ%ﬂ&%]diﬁ%ssi ng
line. Wth the vertmobilayeechni que, the material is vertically lowered into
t he progessi anks., The. nethod. of . the invention is, preferably u in 25
hor i zonf(gl H&%ei ﬁ@%&%ﬁlﬁ'é%@qw q4Hing '%UQE{HH ca‘@empﬁr eB@P?PrgﬂygttH}ﬁgasi er
handling of the veyyjiHRbhfii&d FthdLitePRHSRERA@LS and in the possibility to
only have excellent” clean roomconditions in tHe fully enclosed |ines
“utilized foFlG.He hod¢hamati illusteationi duieg bridingadta mfiltieyenkacerdingtg fiGe hi gh
integrated o rouit £ALELS Sidiga LR nESRU IR ALY 4R Yeed 30
FIG.5  lilustration of a filled via (left) and of a circuit trace (right) after
15 metallization in an electron microscopic cross-sectional view; !
FIG.8  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 dielectric with

protruding copper and intersecting circuit traces after metaliization;

FIG. 9 lustration of an electroplated, structured dielectric after the excess
copper has been stched away; '
(\ FIG. 10 SEM (= Scanning Electron Microscopy) photograph of a circuit
25 carrier with recessed trenches and vias generated by laser ablation

with a laser in-focus;

FIG. 11 Detall 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 um 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. 15 Photograph of a circuit carrier with unfilled trenches and vias the

photograph displaying lateral dimensions;
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A particularly suited first nmethod variant for manufacturing nultiple
wiring planes wth electrically conductive structures involves the

foll owing nethod steps: i) A printed circuit board is provided with a
dielectric. WO 2005/ 076681 PCT/ EP2005/ 000698 24 ii) Recesses for circuit
traces i nCYUPH%hlas are formed in the dielectric; tRETERAISAM0EBade as

deep as the tal base layer in orde®t o_establ i sh g conductive connection
FE pltandC

with a wiri rogarseciond nhetqgrariuebiersnasand Wate of the netal base
| ayer; opti L=y, A ' " al base
| ayer servegi@%g?zt I%n f#fﬁ%ﬁ%wgﬁfﬂiﬁ?ﬁgéw %E\ﬁgﬁidgﬁ)%gﬁéﬁmcé@ges&%d I n
parts al so for car rthéergo hd thaviaaringl oonmertedtad coppat baap unddrhedthe wal | s

f th ' di ng. t ' | yated wit ' I . 10
M) el s sdtrraghte e G e naeren il pef Brost BE (o
completedy fill thetphiti®affl il BerdRcRsS8Ral IS Udi Ng the vias. e) Excess

nmetal is renoved, v) Sem conductor chips can be enbedded in the circuit
carrier dielectric (chip-in-polynmer technique); |ikew se, sem conductor

per manent L8 adrreBRTARRRABh LRI S RAMB AR BORL IS 151 m the
ter m nat i ngedrajuetar gatteiese eitbassige whbrEhppropriaRnecikamss the sthrtipgi t traces
on the circuit carrier can be forned at contact pads on the chip; for this

purpose, ad@PtarBhdn thisggseodielgstricdayrracare prakedaitheronshpibadias @i can nore
speci 11l | é(nl#?%nfa%rid?ﬁia the oyi‘@r 5(9(3&??%9%@9[3% ghd Ale (ﬁigfecﬁ‘ﬁzt lgi?éﬂssé?é ng the
(0] or nmandara ng mulrtirp

connect i ons. nthi's me varl an cturing e Wring
pl anes wi t hstrlobaediic actyrdanondithtthe inventioet lurtes Jowdresxdingll egtamisoditmeah i s

deposited o the structured outer |ayer used as the base | agyer, of a
ol er ] hyer Sl Denegone cleptee lvbrnadhtn Bepsufe e 4ha T a8 8T W or rred

on 1177 RUDRckarkbnehal ki 130t il Ehtoned oL o

traces and filled vias formed.

15
F1G. 2 schematically shows the design of a conductor structure plane during
building of a multilayer, with the method steps ¢) 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 c), 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 exiending as
far as the base layer 9. In d), the trenches 2, the vias 1 and the frenches with
via 3 were coated with a primer layer 4 and then electroplated 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 fo
form a first electrically conductive metal layer. After that, metal could aiso be
deposited by electroplating. After the excess metal 5 was removed with a back-
etching process in f), another layer of dielectric 6’ was depaosited 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 8.



wiring plane, vias extending as far as the outer layer of the nmultilayer
are drilled in the dielectric. 30 In a further devel opnent of the afore
mentioned enbodi nents, an additional layer of a dielectric, a secondary
resist or ermanent resist is deposited onto the otherw se finished
cirouit oAt FUSOR 2002/ 076681 PCT/E 2005/ 000698 25 WGF’EB’.%‘%"P’&?“@S

d t and t f de t Fi
T astr at i ngT8ne st maleaNriBinhe BB o carp i Dutiire BB LR red- -
wi th sandwi elyi@ages Blakkiyer Eoﬁéébonhir@otm@QtWI(rHHeCer’éhoﬁlaé’céwsed))ar\M éh a

mul tilayer as the base |ayer and either one-sid or bidirectional ‘design
with one or being earebised inte or@%ﬁﬂ@,swfaﬁ!mfumaﬁirtqn@asesfmﬁ@ﬁmlm@féfa%h FIG 2
Schemati c |ﬁ%ﬁ%atlon of the method steps c) to g) during building of a
mul til ayer; ‘G 3 Schematic illustration during building of a

mul til ayBr according to FIG 2 with conbined nethod steps d) and e); FIG
4 Schematic |(11% ngtratl n durin g dlledjn of a multilayer according to FIG
2 using a pFititeacksmns ‘FQ”V t %qngyétorgimﬁﬁl@ pleng|duie8r at i on of

a filled vi 1 | bi zati on
in an el ect ?gﬁélﬁég8?@@8?@6@@2gﬁéslglg?tfr%ﬁﬁ\eaf/rfég%?haE?éﬁ %@“Ef’%ctmﬁ' 2!

m croscopi cAvmrmtBtd)ﬁircwbbmrdt%wéb acitructired tuteresppét eyer tidtvaklusediasdne Fl G
7 Representation of .a top view,of an electroplated dielectric wt

b otrudi ng. Depp ek BRulcR SR FoHEIGE R e w&#@@@ﬁ%oaw#?us@r%d top

vi ew of 14 heo@ie%bﬁ @H !@?@xd‘l@“@ ééédrib@dwﬂesgéatté ‘F‘F’G”Q 9, (HARSSH was

i ntersectin CII’CU aces after netallization; [ ustrat|on of an
el ectropl at lowdrhmstmréurlrw teedjeleciticatienssiting tégcmmer laysreed aetivatingen
etohed avay, i Gt Qe bboordt RN\ RY SRS S L) A SIRERPILORR! Qaeh of 2
metal § was removed in f) and a further dielectric 6’ was deposited 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 foil (Isofoil 1601) made from a 18 um thick copper
25 layeron a 65 um 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 80 min @ 180-25°C

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



~

N

25 carrier with recessed trenches and vias generated by | aser abl ation

wth a laser in-focus; FIG 11 Detail of Fig. 11; FIG 12 SEM phot ograph of
a 15 pmwi de recessed trench with a trench profile after single pass |aser
scanning; 30 FIG 13 SEM photograph of a 60 pm w de recessed trench with a
trench prY? P080%F%%er nul tipl e pass laser scanning; FI BCTEP2B806%r aph of a
circuit carrjer_w.th copper-filled t 2 ncﬂgs d vias; FIG 15 Photograph
of a circui tArbla‘?%ém\m?Haﬁ@ﬁWM aavave < NI Was A8 IHAGISTr aph

di spl ayi ng g%g@F@ho@brﬁgg%%g@;n fM‘Ps@Q&ééMH ﬁ@%s!@%@ﬁ@%@??ﬁ%’cfb@%ch@&u@ G 16

Cross-secti phot ogr trenches dnd vi as; oss-sect1 onal
phot ogr aph afietal maaksivith salineuggpsgn beiagetiiizashihecefecs. Afteartbe drsdtaberhe vi a

bei ng connec . tqQ,a _copper bas er th, FIG .18 Schematic

"F1 et ot oeiatol 168 pEpiEs H8Rg A 1t RecoiiPto dtin TREon G B8R vi ew
and in ascr ggadigRel TRBoits @Mntdi@eBRINVE&t iFagiatfe whR TRRZeN rr@f:h'éh@gyl, a
mul tilayer core conprising conductor patterns on either side where

appropri at e With thawesultrg vies heing tarmgd teraxiend£1s deap enihe eernper laliesl ectric

| ayers are applied either on both sides or on 10 only one side to the outer
sides of the nultilayer and the dielectric |layers are structured in

accor dance Vihelfolldwingaveasd were pérforhierl withie saceentzating ardiodhiventh was FI G

1, a second dielectric |layer has been deposited onto the top side of the
mul ti | ayer &FeRaree ke depeibed Rerebt abqve waﬁh%a@l%@w@xwfﬁ thelad t he

circuit 1Pt r%%é%'%@bi’ﬂéﬁg KL sE0nARL- X%ﬁ}ﬁﬁég 2 schematically shows the

desi gn of a conductor structure plane during building of a nultilayer,
with the nethod steps ¢c) to g) of the nmethod of the invention for treating

e s o RO oIS P Bt ShELERHAE S e, (ochemetioal 1y

b) Laser ablation in Example 1:

15
Mask with spaces / lines dimensions of 35 um / 40 pm.
250 pulses of 650 md in each projection direction.
b) Laser ablation in Example 2:

20

Mask with spaces / lines dimensions of 110 pm / 250 pm.
150 pulses of 650 md in the first projection direction;
350 puises of 650 mJ in the second projection direction.

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

DS-PTH method sequence, vertical:

Swelling agent Securiganth® (Atotech) 2min@ 77°C
30 Permanganate efch (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



20 was structured by |aser ablation by which trenches 2 and vias | and
trenches with via 3 were forned, with the vias | and the trenches with via
3 extending as far as the base layer 9. In d), the trenches 2, the vias 1
and the t %ﬂg{ﬁﬁ 'lth via 3 were coated with a priner |ayer 4 and then
el ectropl ate \ég, being thereby ggnpletely filled WHHPARPEISE A netal

| ayer 5 al Sﬁc‘fi@étﬁ?ﬂeBQarbjtjﬂe 25 surfaceée of the diel e@f.r“h@%gu n el ectrol ess
e

copper |layer was firs posited to forma first electrically conductive
net al | ayer Redfitieg adeat Newganth®coul d al so be depdsniied® 30°€l ectropl ati ng.

After the exgcess netal 5 was rempywed, with a back- chi [ocess in f),
anot her Iayé&ecﬁf’lec?isé‘]o@@ﬂ%”@g @é%@%rﬂt ed in g)3ecﬁ Bﬂ%@ﬁ% 8up a

mul tilayer using the method of the invention, 30 In this enbodi ment of the
i nvention, the base |layer 9 served as a |l anding zone or as a base of the

| aser bdre @bl ddepasiing theemptad tayendsthedtxarapadliendf2 renovi ng netal on the
base | ayer 9, 5/ 076681 .PCT/ EP2005/ 000698 27 FIG 3 schematically
shows the d gli%ﬁ%%ggacoggﬁgﬂgt!%gesygrﬁg%\)lﬁ?%rw%ehe during building of a
multilayer corresponding to FIG 2 with the nethod steps d) and e) being

conmbi ned into one step,  which further increases the efficiency of the
method. 5 Foi@anar SepeEre (ofachdhows t he desiminf@&9%6nduct or structure

pl ane duri n@tchbél'%rgrr%éﬂfrigggfﬂ@l tilayer with téﬁﬁé‘lg@l\?%étl on correspondi ng

in principléto rinted circuit boar a structured outer
copper 10ayeDeddnlingy10s8d%aB,80¢) base | ayer. 2 mim@m8¥Cous step, the
dielectric 6 was deposited onto the structured 10 outer .copper |ayer 10.
As described with respect to FIG 2, this step was followed by structuring
‘the diel ectgy Wing the primer |ayer and activating and netal
(pl ating acc%[l?g,fr%gﬁggémﬂg steps c) - e) respectively. Next, the excess
“metal 5 was renoved in f) and a further dielectric 6' was deposited in Q)

as described Wil NESBEE af QolirSht dinsity of 1 Aldm2 @ 27°C
15
e} Removing the metal layer in the Examples 1 and 2:

The excess metal was completely efched away in two method steps with the
conductor structures remaining intact. |

20
In the first step a horizontal line was used:

] Pill etcher
( fron chloride/hydrochloric acid, 35°C
25 1.2 m/min, 4.6 ym removal -

In the second step a vertical line was used:
Vertical module
30 Potassium hydrogen peroxomonostulfate, 28°C

1.7 gm/min removal

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



15 In this enbodi mrent 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 the structured copper outer layer 10. 20 Two exenplary

enbodi rreni.“g)?‘r‘ﬂé‘ﬁm"ﬁ@?duf acturing circuit carriers wll bePdBEE2NHUHI8I-n det ai

herein after. The arrier terial 3sed is a foil (lsofoj 1) nmade
froma 18 pFHEtrﬁl EKORG Bl3RK meiﬂg%l%ﬂ?@rééﬁmﬁ %Bhfﬁﬂeﬂﬁﬁ\@ﬁe@] él"@ch V@P?W resin

B stage). 5 LR e
pre-treated l\)féierrrg ’eoté&ﬁ @r?‘%lﬁc clogtbt grfelt% ! b%ﬁ’@@%@ﬂ%@‘r Curing 90
mn @ 180C Bmtlﬂpwl’uhr@sgimrm mlc@mﬁ;ﬁ)@m arte Vilaémetrimeddeﬁ laediesp adwbei nvent i on
was carried cordin 0 e _st.e ., to f). WO 2005/076681

PCT/ EP2005/ B%‘G@é@g ezgamﬁgﬁhwrg)g@dr{%ﬁqzcgégp MEeh a wavel ength of 308 nm was
used inm cross- pattern node of operation for structuring the dielectric
Wi th projection techniq metal nmasks with a |ine desi gn being utilized

t heref ore. Anedaft-hayed phqat@gr arsiark1GaBlshomwsiwpirchi taceaanddharight-imal and t he

nter seot | of aioB et HEE bR Rk T a bR AT E S PRV ERE N ARt 11 ng
vias bei ng tlectred niiorosxdsio dress- mbnalwném@fteﬁnw1|li@tmr 0.8 ﬂiﬂebﬁgﬂtéw ng

steps were perforped with the sane star material which was pr epar ed
1o desor | Uatarey an HBUsia InelenAlalesnEaYing beansddegite e mardlg. 10

mt or i 210 1 of o G OB B B0 i T ot BRSPS rpt ¢ 1: 15

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

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

ml/l basic leveler (Atotech) having been added to the metal plating bath during
15  metal plating. ‘

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

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

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

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 m thick plated via and
circuitized printed circuit board consisting of 2 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.
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Mask with spaces / lines dinmensions of 35 pm/ 40 pm 250 pul ses of 650 mJ
I n each projection direction. b) Laser ablation in Exanple 2: 20 Mask with
spaces / lines dinmensions of 110 pm/ 250 pm 150 pul ses of 650 mJ in the
first projection direction; 350 pulses of 650 mJ in the second projection
di recti onWO 2858%68beposi ting the priner layer in the ERGREFHESHIOENR] 2:

DS- PTH net had e, .vertical: Swdlling agent Securiganth(r) (Atotech) 2
min @77 STl AR CeAtES B ATDINEHSORPRIAN @F0ED K Sk Sl Reducor
condi ti oner t | eaaed ' ) 7C Etch
cl eaner Sec&@%Mﬁ%ﬁé‘z@m%@@g“m e- d?ﬁﬂ%g%%gte %%%9 '(T%ta cﬂ)% gg%él mn @
25C WO 20054807 ep683is URETS FRRO05d 00 06d.&try 2onditions dbof Riebigaoblalned 5 nin @ 39C
Reduci ng agent ogant h(r ) .N 30 | eci rol ess copper

Print oggntﬁﬁ‘rl??t%%gt fﬁgﬁz?’fa?%] ! %@’gQFCEf”%{ﬁ’pwqwen eﬁ&‘é‘f%’?ﬁda?oqp%_er in

t he Exampl eg|ad fandtod VRIRED @Sﬁ-}xngsiﬁ%%r_t ions in the vertical technique:

Cl eaner Cupra Pro (Atotech) mn @ Etch cl eaner Securiganth(r) 30 sec
@28C 10 Descaling (10 wt. % H2SO4) 2 min @25C Electroplating with

Cupraci d(r) (A [ nsity. of L. A dnP c .1 Renovi ng
the nmetal | :alf)g:I'%Lﬁ%g%%(gﬂ%*@gﬁ%(gﬂeiséﬁéwgs g%l’&@&tﬁ@%{)%log&ﬁ%l etely
et ched awaysighal leeneitheccssised iratit traédtand blind micra vias, created

simultaneously, by means of laser ablation of the dielectric.

10
Laser ablation of circuit trenches and blind micro via holes was simuitaneously
performed using a UV laser with 355 nm wavelength with a beam spot size of
15 um, operating at an average power range of 4 W — 8 W @ 20 kHz. This
operation resulted in 15 pm 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 (irenches) 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 demonstrate 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
technigues, 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.




conductor structures remaining intact. 20 In the first step a horizontal
line was used: Pill etcher w,-- Iron chloride/hydrochloric acid, 35C 25
1.2 mimn, 4.6 pmrenoval In the second step a vertical |ine was used:
Vertical nodul e 30 Potassi um hydrogen peroxononosul fate, 28C 1.7 pninmn
renoval FW®2085H%6-n el ectron microscopi c cross-secti oREN/EPZIEH0EEI8, i | ed
via (to the left) and of a circuit Bface (to the right) with a metal |ayer
ext endi ng over them and WO 2005/ 076681 PCT/ EP2005/ 000698 30 there beyond
after net i ' I ght ( t : basi c

| evel er (?\Jthlc?tlecﬁl)’ %SJB%@"%‘S@&’ ‘g%g% E@%ﬁeﬁn@ﬁ%&%@?ﬂﬁt&aﬁﬁ@ during netal
plhati nlg meltu}van%%bwzm eeﬁciitéro:sjp@:ﬁsuﬁfmap?rﬁdlam gha réﬁes@@tl@lweﬂuaﬁ dfef aﬁ .
the plane of the carrier elenment a is filled with netal . The left-han
phot ogr apfeNAUEVE, (/8- S RRUERY 'CF’&%HP I?"i”?é)eérﬁHBSW\‘éemi TONAAd

phot 095apI&OF,P(g.,calgag,j1 cuit traces with a netal |ayer extending there beyond
in an electfron mcroscopic cross-sectional view after netallization, 0.8
m /1 brightener (Atotech) and 14 m |l basic |eveler (Atotech) having been

dded to th | 10.plating bath.dyring.metal plati i.t h | furi
261 d coppét Spandy macater briotdoragh & Pdtanh i€inevals Flsn 1ol andleBet ric with
gogper Pr @bak diohg the gimetd2eh Fff &:Héagéial Eéﬁ%@:’tfﬁwcﬁnﬁq gleek 3;’9514 SENCARAREE ®! ati ng,

mll brightener (Atotech) and . i basi c I'evel er (Atotech) having
been addedotetreneh inidrapcnraeieatpdoaith muliivletgsen scans alongitiae limgpathitc. 8 is a

i (' Bppetodty & UEF HERR B A ErPalrebC s e RB80 PBAT e M i s of

i nt er sect ipalishing showing 0.8 mm BGA. Several different laser routines are possible.

1'/—.“\

Table 2. Process sequence:

Bath | Make up | Time | Temp.

: ® 400 mi/l Sweller Securiganth® P, cone. . .
Sweller Securiganth™ P 10 o/l NaOH 2min | 65°C

Permanganate-Etch 110 ml/l Dosing Solution Securiganth®,
Solution Securiganth® P 500 4min | 75°C
P-500 105 mi/t pH Correction Solution CC

Reduction Conditioner 100 mit Reduction Cond. Sec. P 500, ‘ )

3 iqanth® P 500 cone. 5min | 50°C
ecurigan 40 mi/t H2SOy4, cone.

. @ 40 ml] Cleaner Sec. Flex ) , o
Cleaner Securiganth™ Flex 20 g/l NaOH 4 min | 50°C
Etch Cleaner NaPS/H,SO, 150 gfl NaP$ %) 1min | RT *)

35 mlfl Sulfuric acid, 50% wiw

Pre Dip Solution 10 milt Pre Dip-Sol. Neoganth® B, conc. | 1min | RT*)

Neoganth® B
40 ml/l Activator Neoganth® 834, conc.
Activator Neoganth® 834 5,5 mi/l pH-Correction Solution CC 5min | 40°C
pH 11,5

) 5 g/l Boric acid . oc

Reducer Nsoganth™ WA 6 mi/l Reducer Neoganth® WA, conc. 4min ) 30

85 mil Frintoganti?:) V Basic Solution

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

8 mil Printoganth® PV Starter
1,5 mi/l Printoganth® PV Stabilizer

15 *) NaPS: sodium peroxodisuifate
**} RT. room temperature




of said traces, 0.9 mlIl| brightener (Atotech) and 16 m /I basic |eveler
(Atotech) 20 having been added to the netal plating bath during copper
plating. FIG 9 is a top view of a structured el ectroplated dielectric
after excess copper was etched away tw ce. The excess was conpletely
renmoved wWiW® 240587668 bnduct or structures remaini ng i nt actPCTER2@EAME%e 3:
Furt her exanple work was performed by3using a 150 pmthick plated via and
circuitized printed circuit board consisting of a commopn epoxy resin based
FR4 30 substrate which was manufactur maanspg conventi gnal net hods,

such as nmecHhHIECREXt iR iher@aned@@ffe%@cﬂ F? YEPRAET PEAtEE ONINE &S ati ng and

el ectrol yti acid
ot ohi g wer SUTBEE florbahtNing 410 ¥EeEds80 B Iaffd wak BIoRRL L es (SEREDR AT
PCT/ EP2005/ G(w@lﬁﬁg baip Gmtmm#kﬂ -I-46gé33fnl Ic 640 gd—“lm) phE0; ¢k Ioppe ppiroi | )

core bodta ByoRRank ~at ShEa(): R e liESi ng standard i ndustry

condltlons for FR4. The obtained substrate was then etched in an acid
etchant to renove the unwanted copper 5 clad foil fromthe RCC epoxy resin
| ayer. The Aceappealayebsf sppiouxil sy thicknebewestnlatey widis8asinhe base for
formation of a signal layer with recessed circuit traces and blind mcro
vias, created sinultaneously, by nmeans of |aser ablation of the

di el ectri c. rlthelmse steah kivd bolk dffthe bosperlayier erghemovad fRich ik fEigdo via hol es
was sinultaneously _ perforned using a UV laser wth 355 nmwavel ength with

a beam ot psitipgs of thqealmhwefsé}%@qndyc@rSHHctar@r\ag@%md PYmpENSfOT4 W- 8
W @20 kHz. bl at
@ 85%?3’ gﬁﬂr@wg e{tgrﬁﬁ@%guqa?ﬁé?mm@artcoafhlgﬁcgé Bodhiorh 20! ation

speed of 30 sec scanni’ng speed CoOnsi derabl

(‘depends on sfzedard etchinlg lingp&igma HDC from Chemcut Corp./US. Grinding, polishing

PN

or milling then remaved the remaining 2 um — 3 um of copper. {See detailed
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 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 pm, 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 to 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 trace

25 extending to the right. This ensures good stability of the cobper 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 irenches and blind micro via holes was again
35 simultaneously performed using similar conditions as with the sample of



and on the feature size. In a further experinent oxygen was flown over the
dielectric surface while the 20 |aser beam was scanned across the surface.
Scanni ng speed was enhanced considerably. The recesses formed by | aser

abl ation are shown in an SEM photograph. Fig. 10 displays this photograph
W th rece¥@aosH®wes (trenches) and holes 25 (vias). ARCxagmich/Dmweos

photograph of this circuitry is show#in Fig, 11, displaying afgai n the
trenches an&xemple 3gbAbhtases with356Hum waveleneth withibeam st sizaiel B Bm mar ked

o thie PHRSOREADNoRNRE SP0ntOCIENIREALRL BPaTRACE T AU AL |

conventi onal nethods™ were u 0 ces and 'es. From

this Fig. itesuftirpipafemn adietiontdeptie at aackition\speead of 300anglsdeet ween two
vias 30 conveniently. If the |arge BGA pads woul d have to be created on the
board surface (in order to conpensate for msregistration with

convent i onairhe paGBNYAY @8 atddBFR PTH cbrdMchsCiffiarl 3&hk rséﬁﬁﬂe B‘F’Eh&ﬁ@%‘g to

neet the holes for generating electric contact to the throug even
i f msregi stamndenraisécsend ptcesedd stintiyremie the polyiriid fdll passudiveween t wo
pads, but not three. WD 2005/076681 PCT/ EP2005/ 000698 32 The panel was
then treated with the Atotech PTH sequence listed in the follow ng Table 2

to render r@hgednpls W@@thPraitezmSm@%é RIeBE6A EoRHRBAL Hsafith BRMNEARIE Ve
(i.e., the entire surface of the panel) for subsequent electrolytic 5

copper pl at EX@MPI& &t rongly magni fied photograph of a trench is shown in
Fig. 1 ith one laser scan along the line path to create a narrow trench.
In Fig. 13 an SEM detail of a hole-trench intersection created with

nul tiple | apethesexbstedl, trobulkef thengoppat hyed wkR rerakd fortigeraidgdench is
shown. The inmage has been taken prior to | aser polishing showng 0.8 mm

(fBGA. Sever aPOdPPE Of E1R PANRVNOTBUTA FRIYIUSY SYUSEIres were Tiapired, Dy Ppatseels
-~.sequence. B?tﬁ%}n‘}fﬁf(@tcHﬂngﬁﬁieg&@&Wé‘ﬁ%Me%r oRRGH LAHY Hbnde 00480 (1  Swel T er

Securi gant h conc.
standard etching line, Sigma HDC from Chemcut Carp./US. Grinding, polishing

15 or milling then removed the remaining 2 um — 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.
(_ Abiating circult lines and micro via openings required two separate masks.
25  About 50 pulses at an ablation rate of 0.3 pm/pulse were required to ablate
15 pm 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 pm.

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




10 g/ 1 NaOH Perrmanganate-Etch 110 m /I Dosing Sol ution Securiganth(r),

Sol ution Securiganth(r) P 500 4 mn 75C P-500 105 m /1 pH Correction

Sol uti on CC Reduction Conditioner 100 m || Reduction Cond. Sec. P 500,
Securiganth(r)P 500 conc. 5 mn 50C 40 m/I H2SO4, conc. d eaner

Securi gantWQ 205816688 40 m /| C eaner Sec. Flex 4 nmin S5®CT/EPQOFN0698a0OH *)
**) Etch O eaner NaPS/ HZSO4 150 g/l 3NaPS 1 min RT 35 m /| Sulfuric acid,
500 w/ w C PRGNSR g e, Kiaa h{ihg fPMECHEMet Cors-&)%i GHing. nalsgaet h b,

Neogant h ) °nai a0 BT aroli b TR Sam A e R t9eE I T s (1) 5 |

g/ Boric apratedsmescBion Reldwier Neoganth WA 6 mi || Reducer Neogant h(r)
WA, conc. 85 m| Printoganth(r) V Basic Solution Printoganth(r)PV 45 m /I
Printogant h(r) V(r)Copper Solution 20 mn 34C 8 mll Printoganth PV

Starter 5 [ jrd i sodi um
per oxodlésLuI ?g{%cﬁg*ﬁ) Prét rooglé?éé%@gté%;%%\%m%é@?g}fgggl PCT/ EP2005/ 000698

33 In the next step the panel was el ectrolytically copper plated on the
entire sur ce,[_thereof i ncluding the recesses. Plating was perforned at
1.3 A/dn? 4 'a pl ating bath containing 40 - 45g Cu2+ / |, 140 g -160 ¢
H2SO4 / 1, 30 - 40 ppm

Using industry standard etching technology (equipment and chemistry) set at
10 standard industry parameters, but with a contact time set to remove the bulk
(85 %) of the over-plated copper created during the filling process.

Industry standard processes including:

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).




C

5 chloride, 4 - 6 g/l Fe(ll), 0.5 - 1.5 g/l Fe(lll). A copper |ayer of
approx. 20 pmthickness was plated within 8 mn. In the next step, the

bul k of the copper |ayer was renoved fromthe raised 10 portions of the
panel were no conductor structures were desired, by nmeans of chem cal
etching. The etching was carried out with cupric chloride solution in a
standard etching line, Sigma HDC from Chenctut Corp./US. Ginding, polishing

or mlling then renoved the remaining 2 pm- 3 pmof copper. (See detail ed
process description herein below), 15 Fig. 14 shows the copper-filled Was
and copper traces in the trenches (three Ilines between 0.2 mm pitch BGA).

The photograph of Fig. 15 shows the dinmensions of the traces and vias of
t he specimen shown in Fig. 14 prior t3 netallization: The vias have a

di aneter of about 50 pm the traces have a |ine 20 width of about 20 pm
Fig. 16 shows a cross-section of such vies and traces wth the vias

connect i Tige kbove EQaP@lesErNethandavineflsthe Possine &b bﬂjuucéqman caliepgli ng is
created between the copper netal in the vias and the cop F metal in the
R

traces. WHI0§ are bagedven;shcesteifestive prinfag sirpuit baarsh, hﬁ‘é‘ﬁg\ﬂ ety &m@ sharp
cor ner H& roJelels pper trace
25 exten %G%%Q@h ri %{Bnts% lg ensé?tgigéﬂn-r s%abli}H f’ef&%ﬂc% pper to
wi t hst anti8; t her mal Ioad Exampl e 4: 30 A bare pure poI yimde foil (SPB 050
Espanex - N ppon Steel) was |am nated on both sides of a 150 pmthick FR4
mul tilayer substrate core, follow ng the standard conditions reconmended
by the syppbi®€r @@5@ :abl ation of circuit trenches and blind mcro via
hol es was ag(fn ar s%sn@I?t aneously performed using simlar conditions as
with the sanple of WD 2005/076681 PCT/ EP2005/ 000698 34 Exanple 3. A W

| aser with 355 nmPapatpbnWithensiohsbeam spot size of 15 | was used,
operating at an aygd pgmeayer range of 4 W- 8 W @ 20| iz,

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. Another 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 carrier by using conventional printed circuit
boards as a base for HDI circuit being formed thereupon.

It is understood that the examples and embodiments described herein are for
illustrative purpose only and that various modifications and changes in light
thereof as well as combinations of features described in this application will be

suggested to persons skilled in the art.




resulting in 15 pm abl ation depth at an abl ation speed of 300 nm sec. 5 The
panel was treated with PTH conditions simlar to the sanple of Exanple 3
to render raised and recessed structures in the polyimde foil conductive.
The sanple was then plated using the identical conditions as with the
sanpl e of WOB0BMb@13. 10 I n the next step, the bul k of PEREPYWEYWES| ayer was
renoved frog’:the raised portions of 3t he panel, where no conductor
structures rifgs| red, by nmeans of chem cal etching. The etching was
carried out with cupric chloride solution in a standard etching |ine,
Sigma HDC from Chenctut Corp./US. Ginding, polishing 15 or mlling then
removed t hel r ewigi, soppecfifgd via3 pm of copper. (See detailed process
descri pti on, bel ov\?:h Exanple 5: 20 A simlar substrate build up was used as
with the s Ié & Exanple 4. Ablation of recessed structures in the
pol yi m ge f®il tra;sheatvigd out with an exciner |laser at 300 Hz and 308 nm
wavel engt h by neans of mask projection. Ablating circuit lines and mcro
vi a openi ngk r &faréayawo separate masks. 25 About 50 pul ses at an abl ation
rate of 0.3 pn required to ablate 15 pmdeep circuit patterns
i ncl. annul%ar rr#%:{%g&\s)pgé@ads on one side of a square sized circuit with 6
sqg/inches. 6@’ adidedtrional 105 pul ses were needed to ablate the via holes at
the remaining 30 polyimde thickness of 35 pm In the next step, the bulk
of the copper ICQ9€$" & removed fromthe raised portions of the panel,
where ne ccglduz)}igfeaséjfdgﬁtwa% were desired, by neans of chenical etching.
The etching was carried out wwth cupric chloride solution in a W
2005/ 0766811(PCEirapR0es coEIEoppeniayst andar d . et ching |ine, Signma HDC from
Chentut Corp./US. Ginding, polishing or mlling then renoved the

(»f-r emai ning 2 pm- 3 pmof copper. (See detailed process description below).
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5 Selection Process (to generate discrete circuitry and vias): Step 1:
Usi ng i ndustry standard etching technol ogy (equi pment and chem stry) set at
10 standard industry paraneters, but ,gith a contact tinme set to renove the
bulk (85 % of the over-plated coppg created during the filling process.
| ndustry standard processes including: 15 Alkaline etching; Acidic -
Cupriqﬂaﬁ%§Jﬂ c Chloride etching; Sulfuric/Peroxide etching; or
specifically devel oped systens such as: 20 Electrolytic etching using DC
or pul se/reverse pul se technology. Step 2: 25 Renoval of the remaining 15

and activation |ayer usi ng one of the follow ng

% , of over-plated copper g I /er) I
i ndustlry ﬁ&&?&&%OWHHw&UFMﬂWP%Pam%n%W Fagthed cosRTSing thed nilling

tools; Di ' ing industry standard micro etch paraneters 30
(per oxi degélgp@ﬁébﬁtggég{b oxone/ caroate, etc.); Chem cal mechani cal

pl anari zation (rotary, linear, etc.); Mechanical soft brushing (with or
W t hout pum ce). 36 . The above Exanples show that it will thus be possible
to produce @)rchirevidigra pristedsgircyit kaesdbased on a cost-effective printed

circuit boakgd, ly: t | tr I ] | NSy gns..as | ow as
outlined i n_b$ab e\%ﬂglitﬁé C!rg%béﬂ{:de&ﬁgt Eaﬁ?%%g%@ﬁ%}%@'ﬂ&ﬁ’@g&n sign
Par amet er DigirenSitiggurl e dibclcfar pddudirPireMidsaimg Liasehdleit DsiNg1o
M ni mrum Wdth between Pads D 15 ]
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 completely 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 according to claim 1, characterized in that the trenches and vias

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

3. The method according o 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 technigue further comprises adjusting the power of the laser beam
to depend on the depth of the trenches and vias to be produced.




M ni mrum Cl earance between Pad and Traces C 15 Pitch (one trace pass) Pl
130 Pitch (no trace pass) P2 115 Fig. 18 illustrates a carrier design
schematically. This carrier is providgd with three vias 1 which are filled
with copper. Two of these vias are adjacent with no trace being conducted
bet ween them Another two vias are adjacent with one trace 7 being
conducted between them The paraneter dinensions given in Table 3 are

val ues achieved if the present invention is realized. According to the
preser@. i Mrenmethod &écordingi tgranysores obclaiets 8i-t § charattedred irsthat tleal i zi ng t he
design fof a co.r% titLveI%:é‘%ri ced circui } .carrier by using conventional
printed cidifegi-writ %eﬁ“&‘éq'-’f% G5 SeMpPEisesBHIsiNg the 1S8EPeRMs or ned t her eupon.
It is understood that the exanples and enbodi nents descri bed herein are for
illustrative purpose only and that various nodifications and changes in

| i ght 7.t héireohetwdaddordimgdordiaimed ;| chasacterifedinthed thkedirectowdtei n thi s

applicatign wi,ll be  suggested t ersons skilled in e art. WD
2005/ 07668aCPUeE / eS agju .tm@%@rgna_m%{nté’g&%hasﬂ bea® via 2

trench 5 : | ' ' : I I %p@%{ '
dielectri grr%ﬂlgg%gtg‘r"é tgpg%:‘%@%é%egp igﬁ{lee%@bélﬁrtggile{ﬁ%bgeﬂréﬁ 0 tb 85?1 ue?ed out er
copper | aymmch€s 38d viasitorbe produced by setting the number of laser pulses being

irradiated to said surface area.

8. The method according to any one of claims 6 and 7, characterized in that the
direct-write technique further comprises decreasing the energy amount of
successive energy pulses being irradiated to a surface area of the dielectric.

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



1 A nmethod of manufacturing a circuit carrier, said method conprising the
follow ng nmethod steps: a) Providing a printed circuit board; b) Coating
the circuit board on at |east one sigg thereof with a dielectric; c)
Structuring the dielectric for producing trenches and vias therein using

| aser abl ation, the trenches not extending conpletely through the

di el eqtyr i ¢hedhe@m>é¢ddr@mg&o RirlyBte dfAMEIHréGEdIng BRiPB! Lh&rastdrizaasn eatt he
dielectric or depositing the priner Iayer into the produced trenches and
vias onl ythe gjetaldpyer isifagned hitelectrelgss andfooby elegtidlytierplativgr, with the
trenches and vias being conpletely filled with metal for form ng conductor
structures therein; and . f) Renoving the netal |ayer and the priner

| ayer 14exq@@atméfiod ébddﬂ@’in ttb%mgh% Sftfie PréSading cRIMASSEhA ARteHizBL G tHdtC 11
the prinmer |ayer has been™ depoOsited onto the entire surface I n nmethod step
d). 2. Théhermel’ta)ldawcmdithegpmmec Iaa/enang rarhavestby polishing mndfertbytéie trenches

d vi . t ' hod st
3 e me TGN B HaTENNG Ty ByE 208 o AB S EUoAYOR! RGeS B act or i zed
in that Qéﬁrﬁ%@gﬁ(@@r@?@[éﬁ?@hﬁgﬁm@f oduced using a direct-wite technique

in nmethod ste according to claim3, characterized in
that the direct-wite technique conprises scanning a | aser beam across the

trencigs. ingtmég@%%@%?@@ 5 o eaidfe proseig b, SiardpiARga bty one
of cl ai ms o3 diih d reREAERAEVIASH e ddiedirbemeh@Slent) ddibag que

further an‘pl’l S justing t power the aser pend on the

dept h of pheduciremtrbashes)daid dentlvedalsprooehprisihg Bas. 6. The mat hod accordi ng
to any one of clains 3 - 5, characterized in that the direct-wite
<techn| gue further conprises pulsing the | aser beam

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.




7. The nethod according to claim®6, characterized in that the direct-wite
techni que further conprises adjusting the energy anount of the | aser beam
irradiated to a surface area of the dielectric to depend on the depth of
the trenches and vias to be produced by setting the nunber of |aser pulses
bei ng i r WAU08HEG6R10 sai d surface area. 8. The net hod BEEEPHONEHE any one
of claims 6 and 7, characterized in #Bat the direct-wite technique
further conprises decreasing the energy anount of successive energy pul ses
being irradiated to a surface area of the dielectric. 9. The nethod
according to any one of the preceding clains, characterized in that the
trenches and vias are connected to each other in a landl ess design. 10. The
met hod according to g ed in that
the follow ng furthefi Py times
after nethod step f}s g 3 Idielectric
bei ng provided with FHFESFENESamd: e 1115 ; i He85:80S C)
through f). 11. The (FEthod 3EG ?sgw%ﬁwaﬁv&ﬂﬁewﬂ¢'TH€~': Bdies] cl ai s,
characterized in that a termnating layer is deposited after any one of
met hod steps f) or h). 12. The net hod accordlng to an one of the pr ecedi ng
cl ai ms, charact eri zef#Fpi UBaLS B HEG Ay, 8 ; rper f or m ng
a treatnment with net ggsae SR ST fomhng
conductive pol ynmer |¢
performng by a direfg
any one of the precep
formed by el ectrol es?
according to any onetigi:t. Fec e : o b

(netal | ayer and the prinmer Iayer are reaned by pol i shi ng and/or by a
chem cal back-etching techni que andﬁﬂﬁ n el ectrochem cal back-etching
t echni que and/ or by el ectropolishing. The net hod according to any one
of the preceding clains, characterlzed in that

g)

Fig. 2




produci ng trenches and vias in the dielectric in nethod step c) conprises
produci ng trenches, said trenches also conprising vias. 16. The net hod
according to any one of the preceding clains, characterized in that
functional |layers are deposited onto the netal l|ayer for electrically

cont act i n0 ®mhgemwedic conponents. 17. Use of the net hodprat®seus/ogsd8o any one
of the preceding clains in horizontak8 |ines. WO 2005/ 076681
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