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. METHOD OF E SAVE FI ELD OF THE | NVENTI ON s The presenf 2iDa0giii on
is relat eﬁ, " "ci rcuit boards. In particular, the present invention
is related 10 of producing vias and mcrovias in single or multiple
| ayer printed "¢®€uit boards or substrates. BACKGROUND OF THE | NVENTION 1 o

Printed circuit boards (PCB's)) includingirigid, flexible) single, double
and nmultilayer boards have found inportant uses in the sem -conductor and
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Conventional methods of fabricating a PCB board with interconnects includes

| aser drilling, mechanical drilling, sand blasting) and the use of plasma
and photodielectric technol ogi es. The nechanical nethod is useful for
drilling interconnecting holes which span the entire depth of the |ayers,

20 and is al sERIFIOF THE ANVENTEONhr ough dielectric | ayers containing
woven gl ass.

5 The present invention is related to printed circuit boards. In particular, the
present invention is related to methods of producing vias and microvias in

single or multiple layer printed circuit boards or substrates.

BACKGROUND OF THE INVENTION

10 Printed circuit boards (PCB's), including rigid, flexible, single, double and
multilayer boards have found important uses in the semi-conductor and
electronic industry. A PCB typically contain at least one dielectric layer with
one or both sides metallized to form circuitry. For boards which have multiple
dielectric layers insulating layers of metallic circuitry, interconnections

15 between the various metallic layers are often required.

Conventional methods of fabricating a PCB board with interconnects
includes laser drilling, mechanical drilling, sand blasting, and the use of
plasma and photodielectric technologies. The mechanical method is useful
for drilling interconnecting holes which span the entire depth of the layers,

20 and is also useful for drilling through dielectric layers containing woven

glass.
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2 2 DEC 2003 2 In the laser nethod, a |laser beamis used to drill the hole
.in a dielectric layer to forma via before plating is perforned on the via
such that electrical connection is forned between the netallic Zéﬁé@ #lhext
to the opposing surfaces of the dielectric layer. A simlar process is used
todrill a blind via 5 wth netal at one end, if the |aser used is -
effective in cutting through the dielectrix |layer, wthout cutting through
metal . Many of the conventional |asers, such as exciner, Nd: YAG and UV
lasers are eff edfithe laserduethody anasesbeamdadiseddoydrih the halgiin aslielgstric
effective in cutti n’gwt hrough dielectric | ai;ers cont ai ni ng woven gl ass

fibers. The 1BYeFknorera yisgheiora platingais medcon i yiacsch thasrelectrigal |
known in the art to be effective in drilling vias through woven gl ass
fibers. Howeveennesiion i@ formerk bEtweatheaswatallic hlayefs inextraythef ogpokingng
t hrough woven glass is only approximtely half the efficiency of drilling

t hr ough pol yneurfacasesf theadieleetricTiayerf A semilart prioseso immoseg tadrilica blimdt hia ar t
to use dielectric layers without 15 woven gl ass when a via needs to be
drilled bys | awih metdirdtcpres endhifsthedassipasedlis wffective frorcuttingnthrough, then
whi ch nmechanical drilling is not an effective technique. There are,

however, di sadiefttdg ket owitisut Ry MeddigloARtalpri or art | aser method for
creating vias. If a resin layer wi thout woven glass fibers is 20 used as a

dielectric layer, for exanple using a copper coated resin layer) it becones
very difficult thamypatthe canventionaldasers, such asexcimer,t Nd:YAG andt UV lasers

| am nation process such that an effective insulating |layer-is created. This
i s because t harepeffeative in lating dotese tiwougb upolyinerivoresin glub ot seffgntive inends
to fl ow excessively, often resulting in a dielectric layer with non-uniform
2s t hi ckness. cutting e th@iughs eli¢leotis) layerscwoathiniagi wowayer glasy fibekn (Thien

t hat they 2 2 DEC 2003 3 becone unreliable as an insul ating |ayer between
the two et al Transveyser Exciftition Atmaispbhetic $TRAY CO; tsarliy wetikinowsh inrthbisgtito
frequency signal applications, which are very sensitive to the thickness of

the di el ectribeleffeetive avelilling vias MOUGR WENRPHRBS fibiets. UHbWeoEr, SV Wity €,
al though laser drilling into the resin s |ayer gives snooth, straight

edges, the abgieTEASCO blaselqitﬁadémaireﬁeﬁlsofr&m@g_thrtmdtﬁ%%fbuglds@d@bhgfl e

for many application. Gsi ng dielectric layers wWth woven gl aSs, howev

reduces the eppprixfiiatslPhali®evéficiehty lof raﬂiumggﬂ%ﬁﬂhmgyﬁ@wci Flé‘sfiﬁaa%ﬂs. cost

of production. Furthernore, the via created throug woven gl ass has a

jagged edge apfefefiieh it\Rl éorﬂ)e?’irl’igfcérdcﬁcé iR tﬂ@?ﬁﬂd %Qé%i%@ctﬁé‘?%i@ﬂﬁ?&ﬁ

pl ati ng process. There 1st re a nee 0 provide a new
creating y aswk i 'Vig hOR' Lehhave rell I at0;
properti e‘}s/éf |¥¥Bg§'?# %ﬁjﬁ&fhe@g Il\I/| as ts o%l%" avgys@%gﬁgﬁ?ldégg%% tsrhi(%hls"t hat

metal [ic plat paddBK fihe R6F HRIAGRSE# Which? R cRAARSF bYifihY-is bt an effective

technique.

There are, however, disadvantages to the above-mentioned prior art

laser method for creating vias. If a resin layer without woven glass fibers is

20 used as a dielectric layer, for example using a copper coated resin layer, it
becomes very difficult to control the thickness and uniformity during the
lamination process such that an effective insulating layer is created. This is
because the polymeric layer alone without the woven glass support tends to

flow excessively, often resulting in a dielectric layer with non-uniform

25 thickness. In certain sections, the cured resin layer may be so thin that they




OBJECT OF THE INVENTION It is an object of the present invention to provide
.a PCB interconnect to overcone the shortcom ngs as stated above. It is

anot her object of the present invention to provide a PCB with ezzrg¢d gﬁme 20
insul ating |layer having at |east one straight-walled via. It isafu er
object to provide a method of making a printed circuit board with a '
reliable insulating |ayer with a straight-%alled via. 2 2 DEC 2003 4
SUMVARY OF THE | NVENTI The present,inventio rovides .a printed circuit
board which 1 REPORBe iy als, a8 e R BYF Pk dFE Gebmelaifie Eiérsne
dielectric |ayer therebefween. Tr]is di el ent{‘i ?'bl %er cont ai ns r&si and

rei nf or cement jSBrAPIRMSis particulariy serioysqin, highe figaugney Hignal apRlcaloDsa or
channel therethrqugh for electrical connection between the first and second
metal lic | ayeWhiol 86 ¥PAGSeNstiveeto the; ieknassent ﬁ@nafe(f@?é”? AYATo SHEME@S 1Y i ber
in said dielectric layer is pulled back fromthe via, such that no fibers
are in direct mehileaelephane eiruitiigs) Therefore, withougin daserdmiirg intetthairgstn wal |
along its channel with a snmooth netal 1 o plating) giving the via effective
and reliabbe dyettgiveal smoaithcatraighty edgeswethe tatwvierdescrived shisaghvantages
dielectric layer. The via may be a blind via) in which the second netallic
| ayer covers ¢enrdarntheftechmnique aundeasirable dobadanympplisatiomglUsingi dielectrid
dielectric layer is sandw ched between the first and second netallic

| ayers. |n antdyees withbwdverfigss) hewevest rethicas dhe ezfficidncetohithe wid ayiding have
additional nmetallic and dielectric |ayers provided therebetween. Each of
these di el ect procdsay thetelpinchéasing @ostohpiaeiustionl Faikheremes; tHe diarcreated esi n
and may be cured to forma nultilayered PCB board. One or nore

strai ght - val | gftoughsthar FoRerVglass Hdar auiHygade ellgenand pfughh e, dvRichciy i ¢

| ayers to electrically interconnect various netallic |ayers. 20 In yet

anot her egpodiyfBBSiralbledof tHeSsubzaqueRCoBiingPrétddsc | ayers is sandw ched
bet ween additional dielectric or netallic l'ayers. The straightwalled vias

may run through the reinforced dielectric | ayer between the first and
second netal | i c Therer is) tharefore cugleethto pialiide cnalevdine¢thodr ot creatings viass i n
2 2 DEC 2003 5 the previous enbodi nents, one or nore of these
strai ght - wal | ¢toughs diglgctrie kHyendwhichs havd meliabndinsutatiod Gyopertissal In c
| ayer.

patticular, these vias should have straight-edges such that metallic plating

may be performed easily and effectively.
15
OBJECT OF THE INVENTION

It is an object of the present invention to provide a PCB interconnect to

overcome the shortcomings as stated above.

It is another object of the present invention to provide a PCB with a reliable

20 insulating layer having at least one straight-walled via.

It is a further object to provide a method of making a printed circuit board with

a reliable insulating layer with a straight-walled via.



One nethod for producing such straight-walled vias in a reinforced
.dielectric layer involves the precutting of the dielectric |ayer to create
a hole 5 before the curing or drilling process. The traverse ?Wgﬁﬁ%Z
sectional area of the hole should be larger than that of the via"i W%e
final board. During the conventional |am nation process to cure the :
dielectric layer, the resin in the dielectaric layer flows into the hole and
fill it to forma resin plug, which does not contain the reinforcenent

fiber. This i v L N fibers 1 o within the dielectric
| ayer such asélgjmgﬁfbg?gfﬁ ﬁw*ﬁﬁﬁ’giﬁhe cured dielectric layer, on the
other hand, forns a reliable and effective insulating | ayer due to the

presence of theThai Wegéﬁ‘emglgfméi E%‘ﬁdeﬁ ac‘?,rrimgat diRA! ?éﬁae‘gpﬁélegn{cl]mspé ocess

can then be enployed to dri via at rei5| n phu . eresin

| ug does notg {n tAfse n eq: DV uring
!tohegpr ecutti nféég%@%sg%m ;Iﬁgser dlrély)léfsl \rll\gﬁgr oégegéésltsaog'\ﬁ cglg!ié;‘f?kgfrfa%?icj\ée
in creatin ' - ed. Vi a. 2 003. s BRI EE .DESCRI P
THE DRAW N%qu%%t?ée&%gR%‘sag'ﬁné&%%J%}é{ ‘f@%ﬁ‘%v&eé'r\ S‘Hgi reinipiegment fibers
Cross-secti on., of I d via with a jagged wall through a
gl ass- contsai %Lﬁ:& % gﬁgg’t?rﬂg‘t @9@? one 5@%‘@!&8'46?/‘9 19 Qéﬁlnaﬂ'?é]lr]‘?'??@hw?%das I
found in the prior art. 5 Figure 1 B is a photograph to show a | ongitudina
c(r)oss- sectio 8?tngaﬁ@?%rpe%l|og?l&}w\¢pg %Ptfﬁsbg%‘i)ls%@m %ﬂ“'ct'ﬁ}'%@wca;ﬁl@lg: n
dielectric I gyer which does not contain glass produced by a laser drilling
plrocess as fgén‘bei Presgat gKiveption, the reigiereament Ebﬂ i said shieleqtici larsllgr dgr am
toillustrate thod for producing a straight-walled via through a
rgi nf o?ied di@ﬁ@gqu frcapéfﬂg Y@ sueh aljltm@ftbﬁés arginpdies wontaeh avith t%ne.wpzugur es
3A - Dare a schematic diagramto illustrate another method for producing a
strai ght - wal IFdhgVia.t FheMghas & straigbit yvall atosydts ehannelywith acrooathrigetad t he

resent invention.
P 10  plating, giving the via effective and reliable electrical conductivity between

the first and second dielectric layer. The via may be a blind via, in which the

second metallic layer covers one end of the via.

~ In one embodiment, a single reinforced dielectric layer is sandwiched
between the first and second metallic layers. In another embodiment, the first

15 and second metallic layers have additional metallic and dielectric layers
provided therebetween. Each of these dielectric layers may also contain both
reinforcement fiber and resin and may be cured to form a multilayered PCB
board. One or more straight-walled vias are provided through one or more of

these dielectric layers to electrically interconnect various metallic layers.

éo In yet another embodiment, the first and second metallic layers is
sandwiched between additional dielectric or metallic layers. The straight-
walled vias may run through the reinforced dielectric layer between the first

and second metallic layers, or through the additional dielectric layers. As in



15 DESCRI PTION OF THE I NVENTION Figure 1 A and B shows two prior art netal
.plated vias. The via shown n Fig. 1 Ais produced by C02 laser drilling
through a gl ass-reinforced dielectric |layer 40 which is |aid ovet DE 2003
netallic |ayer 42. The u-shaped via is plated with a netallic |ayer 44. The
wal | of the via has a rough, jagged edge, with 20 the substantially

hori zontal glass fibers dear shown to be causing the roughness of the via
wal | . 2 2 DEC 2003 7 Figure 1 B shows the cross-section of a nmetal-plated
via produced the/pf@ibusasrabodimadnts,rand br mogd of thiessi straighdhwaliad viab apay beo

whi ch does not contain any glass fibers. In this exanple) dielectric |ayer
50 is | ami nat gfin@RidsoRitiPbne eretcdbsed by aymetdii laged the via is plated with
nmetallic layer 54. It can be clearly s seen that wi thout the presence of
the reinforcenent glass fibers, the wall of the vias is straight and
snoot h. ' | bi s i sOdeemethachdorapsatiuningf sudhe straigitovallede iiast ib et seinfeieeger
as nentioned previously, a dielectric |layer w thout reinforcenent fibers
tend to run exisdectiivddyerduvilves trenprenutting ofthe dislddtiia tpyen to kreatasdhele
uneven insul ati on between the netallic layers. 1 o Figures 2A - F show one
net hod of pr otefdraghe catingiogitilinglprededs. g vaverséooesshsectional ataa otthieayer
according to the present invention. In this exanple) two netallic |ayers 20

and 22 are pr¢piy Hodid bapRegergttr tirtest te dlaeliredhe ifinal doard.2Buringathe
conventional nethod) as shown in Figure 2A. An additional resin- and

gl ass- cont ai nicagy&Ritthal ilamindlibnasros8syio clrd-trasdieletiric Jdyet sthbaysineih the o
nmetallic |ayer 20. This bond fil'mhas precut hole 28, which is registered

with layers Zfélié}@&rié%;{é? foWs PEP A hB hAd dillvit & foPmt &¢edih W%,Mﬁidh(does

During the heat-press lamnation process, the resin in bond Tilm26 flows

into hole 28 to, EBﬁtgﬁrfWeefbiﬁI%?&é?n&lltuf?)e}QThﬁgis uslﬁrlhgirGWcﬁcgﬁenﬁﬁgers

conventi onal laser I Ng process as shown by the dotted arrow 31 ) is

2 f d : [ 3 [ , , Thi 2D
and £ A SBandtft SRkrabdunE (e 080, B5!dlafl et o it MR, TheDEIRR

| ati 34 A . f Vi e ' ofddinid fdlati

etal |1 zat i on SEgeThdRTES o wh fdr hARAR AR A Tolle, $id oGP MiHieng

according to qgﬂ%’reﬁﬁei e Bledahids of thE FbintORWMent fibers. A conventional laser

drilling process can then be employed to drill the via at the resin plug. Since
the resin plug does not contain glass because the woven glass has been
15 removed during the precutting process, the laser drilling process is quick and

effective in creating a straight-walled via.



2 DEC Z003 a It is dear that since the glass fibers are cut away during the
.precutting of hole 28, there is no reinforcenent fibers in the zQTEEiate
vicinity of the via, nor is there any fibers in direct contact Rl 2
wal | of the via created according to the present invention. Furthernore,

al t hough gl ass-reinforced dielectric material is used in this exanple, it
is dear that other reinforcenent fibers;nmay al so be used, such as aram c)
and the sane nethod applied. The vias produced by the process shown in
Figure 2 ha I al inhce the laser drilling process is actually
per f or med t?ﬁ'&.%ﬁh ﬁgghégﬁﬂaégﬂ%pmwmg%ot contain any glass fibers.
This facilitates the subsequent 1 o plating process, and gives. superior

i ating 1 oS figuire NS oCehdtBgtlbh I BAG ABhibfucith Sl B ' ARANOYD | 1

Fig. 1 A Furthernore) remalns a relrable and effective

insul ating |med) vial W&R atja 4418 tHib f i e qi support
to the bond fil mduring tr{eg am nat i onlﬁg)fgcg!gg#é?rg&ﬁmt ﬁg!ééﬁn%t %gof

creating thq)reduo@idgfytam@bfMinngrobesgéi@fodheirembrdri@rhﬂyer according to the
present invention is shown in Figures 3A - D. in this exanple, a

fiber-reinfqQrced B-stage dielectric |layer 60 wwth a precut hole 61, such as
FR4 fromPNelfd@iresiB ds @ photogiapbr tonshew ia longitudinal grossssestiowef ianmetay. 3A. The
position of hotla 61 ¢ rre?%%nds to the posjtion of the via to b a 20
created) an®dtRd VA Wiba:straight walldhepuoh @ resingdielestria fayer avhichadeee mobf t he
final via. This.is.followed eat essing such that the resin flows into
hole 61 to @h%'qglgﬁﬂpfﬂ%e%gyégaﬁéﬁhng Rrqeess agfoungiaihe it attgri | 1ing i s
performed in resin plug 63 as shown by arrow 64 to generate via 66 in Fig.

3C. Via 66 IRgures S arbla aiheinalic tidrie 0 RS R0 AMNTRPr PRIUH(Pat O CU!

through the 2s reinforcenent fibers.” Conventional plating suc

el ectrol ess striight-walledhivia tRrodgPEL Rifidiesd Pdisibetiicreaydro abeidingt ® tthe desired
nmetallic coating 68. Further photolithography and ot her processes can then
be perf donegresent invention.net al lic | ayers to generate the desired
circuitrized netallic layers. Additional dielectric and netallic |ayers can

al so be add accoyding to conyentjonal s nmethods to nerate further

| ayers. Theﬁqtg%?@é 'cgog'?- ge%%?‘@ﬁ d%ggad'notp Rtralg @Bgﬁehm%hw.f@r t he

di aneter for j T : | ar ger n that of the.via in the
final boar d.p’%bi’[ch S?fél&éﬁ@gb%é{kﬁgb%}fgﬁ& %@gorf’%& g%malai’%r POROEIIRQ & i t h
the | aser dgikld . For exanple the dianeter of the precut hole may
be 0.1 to O-t%mwgglg@ﬁ@ftgnt han the via to be created. A larger margin
will rmake the registration process easier. The preferred dianeter is 0.2 to
| .6mm | arger than the dianmeter of the wia to be created. Therefore, the

i medi ate vicinity where no fibers are present may be defined as 0.8 to 0.1
mm from_the - i .1to 0.2 nmfromthe wall of: the
via. Borl f.%éﬁ@h@ﬁpéfﬁéﬁg ﬁ&%ﬁgbb 5 Wiile the present invention has
been described particularly with references to Figs 1 and 3, it should be

under st ood t haFiguhe1A iagd B shewS W@ priod artfiietadplai8d Wdsy TRBi$ BROWA ot be
taken as limtation on the invention. It is contenplated that nmany changes

and nodi fi c&ig.oifs impmdheeM@@% laspe ddlingothebugh ray glaks-tdinfortetindieladttic Wi t hout
departing fromthe spirit and the scope of the 20 invention described. In
particul ar) layeri4® whidais taichover aanefalic layer d2. Vihesu-shapedeiaissplited t hr ough
one or nore glass-containing dielectric |layers may be produced on the sane
board conneMihrgymetalicdayerdd.aTha wall ef thesvivhesd tovghhjaggedcedgeyswith ovi ded

herew t h. . . .
20 the substantially horizontal glass fibers clear shown to be causing the

roughness of the via wall.



2 2 DEC 2003 10 CLAIM5 1 1. A printed circuit board conprising 2 a first
.metallic layer) a second netallic layer and at |east one fi ber rei nforced
dielectric |layer therebetween, said first and second netallic ZIZaﬂEﬂg]_[];}
further interconnected by a nmetal plated via through said s dielectric

| ayer, said via having a straight wall, with no reinforcenent s fiber in
direct contact with said wall. 1 2. A nethod for producing a prlﬂtfad .
circuit board with at |east one via 2 conprising s a) cutting a hole in an
uncur ed or sen*\éd‘gh"i?ré $h%1hee?rﬁ§%1$§@wmggﬂéﬁﬁﬂge|al wa Wmdldc@dhys_t and
second surf t he, position of s %id haol e corresponding to said via, the

di aneter of -’Iasq{Qri ng thrapgea regindl ef?@ﬁcdﬁwfépé’\’hi‘éh dagsi et gpriinANy ani nat i on
Pured 1 gsisﬁlg%osg;‘.@eﬁg';ﬁ'lrl&@i R aﬁ‘ir‘lzléu Bt hﬁafvgégpriﬁa{iia@:o:m! %%g’?pi% ?atsgr
croat ed, 10 BEIAVERES) Aol T ol il 19” Bt e B b @M no 11 ber
ciroult Boargen et WSLES dbsdticed MeMRiniorbomeR s hecd g, dbol &' i«
board. accor e o) Srvight "Hd, srodin SR A U 10, o SuBilag B G T 1
of said wal keiaforcemeht \fibars. Hcﬁ/ve\/érpra's’]lh;@gti edC l‘eR/idQ@%{,% Eﬁfé%fer@' %??rt oclaimil

wherein said first and 2 second netal |1 ayeys are "I am nat h at | east

two f i ber-r eiithbor rdoreentont sdrs ten 3 aUA eXsesabaly asig st (progang, f ur t her
havi ng at | east one additional netallic interlayer di Sposed between said

dielectric Iregtdiing.inIhiﬂan@(opmmevbamwlatimiﬂ_etmlﬂeWe_l@lﬁ@lia?&st0 claim1l
wherein additional 2 dielectric layers with metallic interlayers are

8:’ g?/iagte ?9 2 er;ﬁaqrseasig\ ! #%ﬁgw%ngertnglthloidcog S%‘éﬂcir?{;' atsrt]r%igshltj-(«s}catlallt(a:de blci)r% ?/?al te said
through a dielectric layer according to the present invention. In this example,
two metallic layers 20 and 22 are prepared on opposing surfaces of
dielectric layer 24 by a conventional method, as shown in Figure 2A. An
additional resin- and glass-containing bond film 26, as shown in Figure 2B,

15 s layered onto metallic layer 20. This bond film has precut hole 28, which is
registered with layers 26 and 20 to corresponding to a via in the final
product. During the heat-press lamination process, the resin in bond film 26

" flows into hole 28 to form cured resin plug 30, as shown in Figure 2C. A
conventional laser driling process ( as shown by the dotted amow 31) is

20 performed to create via 32 through resin plug 30, as shown in Figureé. 2D
and E. A standard plating process is then performed to produce a metal
plating 34 on the surface of via 32 as shown in Fig. 2F. Additional

metallization may then be produced on the exposed surface of layer 26

according to conventional processes (not shown).



1 8 Awprinted circuit board according to claim1 wherein said 2
~reinforcenment fiber is glass. 1 9. Aprinted circuit board according to
claim1l wherein said 2 reinforcenent fiber is aramc. 1 10. A et 0
according to claim2 wherein said dielectric |layer has 2 opposing irs:{ and
second surfaces, said |lamnation step performed 3 such that said first
surface is lamnated onto a netallic swface; and said nmethod further

socbn otal 1t FSFaflrvctod i e Suad S o 1, o
2; Ir Ij a??fét @@%ﬁhﬂ%‘éé‘?ﬁ'@fﬁmm ﬁ%ﬁrﬁ&ﬁ'&c'm%q'ﬁt& Yignipy .gl{i:%elwavmg ein
accordi ng t@%ﬁgahﬁ?ﬁlﬂﬁp?%%rﬁc@@ T@Hﬁé{ Mgd l %lggfoéth g)"aﬁP@#g a
circuitry p%ﬂf’?iﬁgQB @ Qre%@ﬁpi ﬁgﬁé@ggﬁ@}e’n@}ﬁ%@%@(}%@fig|d§s—'?&h*b‘?98(f‘ccor di ng

to claim10 rconprising ng a clrcuitry

pattern gn ggdhic r‘héfen‘%’]% i@ﬁ&%&iﬁ*ﬂbé&eﬁiﬂ @yd’éa{? gla&!zétﬁert %idﬁ?ﬁ\‘énﬁccor di ng

to claim?2 erel n sal ectric i's coa W rst netallic

| ayer on saiidefd may a@BrHeﬂfs?dhgﬁélﬁélﬂgﬁa{ﬁﬂ& driff tha%énféqﬁﬁﬂioaiﬁlié&e steps of

(d) electroplating a secon a ayer onto said seco surface of 5
said dielectric layer after said drilling step is perforned such that said
s via is al so Phevied predusedibydhe ptocess skewn svFigures? had istraight edgeeen sai d
first and second netallic |ayers; and é&;) creating a circuitry pattern on
said first sincaithe laseadding procsss js agtually peastormed thepudb tbe desin layearur t her

conpri sing t\A?\?chsttjggss n%ft contain any glass fibers. This facilitates the subsequent
10  plating process, and gives superior plating results compared to the jagged

walls in the prior art as shown in Fig. 1A. Furthemmore, dielectric layer 26

- remains a reliable and effective insulating layer, since it contains glass

fibers, which gives good support to the bond film during the lamination

process.

15 Another method of creating the straight-walled via in the dielectric layer
according to the present invention is shown in Figures 3A - D. In this
example, a fiber-reinforced B-stage dielectric layer 60 with a precut hole 61,
such as FR4 from Nelco is laid on top of metallic layer 62 as shown in Fig.
3A. The position of hole 61 corresponds to the position of the via to be

20 created, and the diameter of hole 61 is larger than the diameter of the final via.
This is followed by heat pressing such that the resin flows into hole 61 to
form resin plug 63 as shown in Fig. 3B. Then laser drilling is performed in
resin plug 63 as shown by arow 64 to generate via 66 in Fig. 3C. Via 66
has a straight wall since the laser beam does not have to cut through the

25 reinforcement fibers. Conventional plating such as electroless plating can



2 creating a circuitry pattern on said second netallic layer. .AI5. A A2
AU A LA AL AT LA L AsU& Ay. A2 ?RiD aD_
*P{vql gb] WJ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c: a] ca] ca] ca] 86} 4} ca] ca
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to ensure that no glass is present to interfere with the laser drilling process.

For example the diameter of the precut hole may be 0.1 to 0.8 mm larger
10 than the via to be created. A larger margin will make the registration process
easier. The preferred diameter is 0.2 to 1.6mm larger than the diameter of the
via to be created. Therefore, the immediate vicinity where no fibers are
present may be defined as 0.8 to 0.1mm from the wall of the via, preferably

0.1 to 0.2 mm from the wall of the via. Bond film such as FR4 may be used.

15 While the present invention has been described particularly with
references to Figs 1 and 3, it should be understood that the figures are for
illustration only and should not be taken as limitation on the invention. It is
contemplated that many changes and modifications may be made by one of
ordinary skill in the art without departing from the spirit and the scope of the

20 invention described. In particular, it is clear that straight-walled vias of
numerous kind through one or more glass-containing dielectric layers may
be produced on the same board connecting various metallic layers based on

the teachings provided herewith.
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3 reinforced dielectric layer therebetween, said first and second metallic
4 layers further interconnected by a metal plated via through said
5 dielectric layer, said via having a straight wall, with no reinforcement
6 fiber in direct contact with said wall.

1 2. A method for producing a printed circuit board with at least one via
2 comprising :

3 a) cutting a hole in an uncured or semi-cured fiber-reinforced
4 dielectric layer with a first and second surface, the position of
5 said hole corresponding to said via, the diameter of said hole
6 larger than the diameter of said via;

7 b) lamination pressing said dielectric layer such that said hole is
8 filled up with cured resin to form a resin plug; and

9 c) drilling said via by a laser beam through said resin plug such
10 that a straight-walled via is created.

1 3 A printed circuit board according to claim 1 wherein no fiber is within a

2 0.1mm vicinity of said wall of said via.

1 4. A printed circuit board according to claim 3 wherein said via is a

2 microvia with diameter of less than 0.2 mm.



'10% & ()- @100 & () - BISIEIE$$%@ 1" S 109%& () - 110% & () - s$&n0% & () -
.10\ 10\ @310% & ()-31 10% & ()-3%@&b' (') P**~?b@ 10% & ()-!S$?%OO&C 5{?
Il 109& ()- ,,10% & ()-°S 10% & () - *++++++we X ~\: 1 142 DEC 2003

10\

10% & () - !
10%9\]\V& ()-!'r" @10%\ & ()- yLs10% & ()-!$ nml0%\ & ()- 10: 10: |
10:-s10% & ()- X../1b1222724: 10\. 10% & ()-!1. 10%\]\ & ()-# 10% & ()-Z ! D#
1090 X\ & ()-Z , 10% & ()- 10% & () - 2222294¢55gH:

10\ " 10%@& ()-9! 6h" 10%v& ()-9! F "10%@a' ()- MBLs10%@& () - $mi0%@& ()- 10\
~ /R, _D o/R' -
10\ 56mBq9r s 9K 9 ggrﬁdbrime@cﬁ%uit gg‘ér%loa/égc‘:o%ing t% %la}r% 1 wherein no fiber is within a

2

10.

0.1 mm vicinity of said wall of said via.

A printed circuit board according to claim 1 wherein said first and
second metallic layers are laminated with at least two fiber-reinforced
dielectric layers therebetween, said board further having at least one

additional metallic interlayer disposed between said dielectric layers.

A printed circuit board according to claim 1 wherein additional
dielectric layers with metallic interlayers are provided next to said first

metallic layer on the surface opposite said dielectric layer.

A printed circuit board according to claim 1 wherein said

reinforcement fiber is glass.

A printed circuit board according to claim 1 wherein said

reinforcement fiber is aramic.

A method according to claim 2 wherein said dielectric layer has -

opposing first and second surfaces, said lamination step performed
such that said first surface is laminated onto a metallic surface; and

said method further comprising the step of :

(d) electroplating said second surface such that a second metallic
layer is formed on said second surface and said via, and electrical
connection established between said first and second metallic

surfaces.
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1 13. A method according to claim 10 further comprising the step of

N

(e) creating a circuitry pattern on said first and second metallic layers.

1 14, A method according to claim 2 wherein said dielectric layer is coated

2 with a first metallic layer on said first surface; said method further
3 comprising the steps of :

4 (d) electroplating a second metallic layer onto said second surface of
5 said dielectric layer after said drilling step is performed such that said
6 via is also plated, and electric connection is established between said
7 first and second metallic layers; and

8 (e) creating a circuitry pattern on said first metallic layer;

1t 15. A method according to claim 14 further comprising the steps of

2 creating a circuitry pattern on said second metallic layer.



