END980002 =¥D280@21 2003 1 POROUS PONER AND GROUND PLANES FOR REDUCED PCB
-DELAM NATI ON' AND BETTER RELI ABI LI TY The present invention relateq~yggpmﬂ£ly
"to the field of conputer manufacturing and nore specifically to reduci

‘del ani nation of, and cathodic/anodic fildnment growth on, boards used in
conputers. Conputers and simlar electronic equi pment have becone
ubiquitous elenents in the |ives of people. Many busi nesses, banks, and

governments rely on corppter SPOQ‘T% %eic{zo eryday activities. A large
portion of the gl obal mmmmel i abl e, stable
facets of their econom BELAAATION AN OBFATRR cRRYimpTi Igndat i ons.
Conmputers today are required to run longer, wth |less down-tine, than at
any time in the, past. Because,co ters are so necessary, there has been
an i ncreased enp : sﬁsseng)yl conpu %%ggg?sgﬁg?%r%ﬁyr%‘f i&Bi f%letlyﬂ. ofEERFPY et ens

t oday canPRiufacsheing and Hwrexsetridd cabn toi rmlunbue sedryidar icepbHcangai | ed
conponent SatHdwt/amdad cUPi aent OffRut BRI oSy 5b&¥8s hief£agh GRIMRQARENt is designed
to last |longer and be nore reliable, then each conputer, Ich is nade
exclusi-vely of conponents, will |last |onger and be nore reliable. This
enphasi s on refPEBTHEFE 2R SEBMFSNEMESEIRALC (RsEAPRATY hevk tecoRy iustigoli tAuscui t
Bloar ds ( PGBzeEntibit tb@rﬂ:iazemsé Henpaz]fompn& &us Syesdse ), axﬁaeaksdegcg@glglf%ents

pl aci ng sai,CoRdLGIAE e AAGKATES Q! 6 OftQ+ 2 sRCB. s.are calle
"printed" l%é:;{iwag‘“’%i”ﬁ&zj\ge runs or I n%éio%gtqog%:g%sargq%rgge%?rgﬁ°? hc’é‘Ed *B6ar ds
usi ng t echni ques  tha reé ori ginal TYESTHIT 8P 10 ieRte nekabpe iftdcetprafcess.
These ci &St PFAERiEonPEe et he 288 FABHBRACHPN faskdgeonsr chimpatetngetler .
PCBs can dye asqsizedl o asmahongesul aitor lebatdobast ilenNesndy ot &4, @One qq,etglé_)
both sideasand one or nore conponents attached to one or both sides. PCBs
are generally nore conplex, however, and are usually made of conductive,
nmetal power and ground pl anes and several signal planes containing circuit
lines sandwi chBYFBEEVEER TERAI®0T° iRSHTRESr , thRirehhasmbesl 4n nesrasddpads on
the top #REhpdit dm searusier defsighersandrilchbiliap. anthyde)OQmMsCORMIC RSl €
connect edonkifireanh @ideadednbwhntiNabeddstedido rlelé‘i’a‘%.fesfé'ﬁef&gﬁg%o%len | at ed

t hr ough ALY, esldL i BN ermr‘}aé/e becone the 'standard in
el ect ronggé?%ilgvtgc%hg?%%{%gﬁa%{k Eni nalfrnrg?%oﬁs WEhUSBERRT dratittel v

i nexpensiVe2°y "% ReiP 8 T PEL Ty YHAR P PhEMPRERT aliihé ch Fife meca raxc] hoivalsr |
probl ens °faS¥RINEPEY With PEBslomyrr efd bleengreobékimblies caused by
differences in the coefficients of thernmal expansion (CTE) of the various

mat eri al s usedenhiA &ENAA800Q2 reliability of components has been applied to
Printed Circuit Boards (PCBs). Most components in a computer system are
designed by placing semiconductor packages or chips onto a PCB. PCEBs are
called "printed" because circuit runs or lines of copper are placed on the
boards using techniques that were originally similar to the news print

) process. These circu%t lines connect the semiconductor packages or chips

together. PCBs can be as simple as an insulator that has lines printed on

cne or both sides aqd one oxr more components attached to one or both

sides. PCBs are generxrally more complex, however, and are usually mzde of
conductive, metal power and ground planes and several signal planes
containing circuit lines sandwiched between layers of insulator, with
metal lines and pads on the top and bottom surface of the sandwich. Top
and bottom conductors zre connected with each other and internal circuit
layers using metal plated through hecles (PTHs).

PCEs made in this manner -have become the standard in electronics.
Advances in manufacturing methods have made FCBs relatively inexpensive
vet their simplicity meakes them reliable. There are, however, problems
associated with PCBs. One of the problems is caused by differences in the

coefficients of thermal expansion (CTE) of the various materials used. A



21 3 0Cl; oBkoposed solution to this problem (disclosed i n EP0228017A2)
.is to use a oard having conductive |layers of which the core is}g@fpaid
“of anetal wre net, such that the CTE of the board nore cl osely matches
"the CTE of the conponents mounted upon ip. However, there are other

~ probl ens associated with PCBs. One of the causes of sone of these problens
is water. The insulators in PCBs tend to be water perneable and to
naturally absorb relatively high concentrations of water. Even if a PCB
was dry whenposhe sdmpdeitc absermyopler ddésslosas irw GRPEZAEFA2) tisTAy w@OA
reabsorb walher niéQm '&Uﬁ&l:ﬂ:t@vé !Hyetrgr@ﬂgalﬂzgﬂ hek cﬂeoggséénﬂﬁsééec&sa ddsS
PCBs contain vvaters, - &a t?a V% {]ﬁe% cgermeat es through insulati ng
ayers. UG Pahat¥eD, Oy B REES SHPehY dPeCiRuaey ThaE o
copper etk compenenst mreﬁdpwqreable This lack of pernmeability affects
PCBs and can cause failures. Water collects at the interface between a

power /.ground pfo aw”e%e‘%‘?d~r§e1% a££‘ %ﬁ% pél%biaste%ssso"‘hat%Q wﬁchr %epnﬁ Stoshent s

power/ ground pla carri ages
are sol dedges oofi ﬁemecﬁ (tagaemrfb&ws VWl 8 - de?ﬂ%gnwlatmrp dme@Chedend to
These t emeewat éif @eirmesiElzs @8d Ctan neauisel 1 ywatiseirbt hellat Das] 1 (&hblecaoedeﬁttxatlons

i nterfaces asmeenzme leoxaeﬁégmegn@hplw%e t@,edco,&a:sﬁeﬁ Salg's@%fasﬂg LaY&SSy

flash to ste i NCr eases g ramatlca as It econes s eam
7gtet

and this 85?52?1%? 11t‘a‘e"’r /sgf“earrﬁaﬁ\so’f OB A ARt R A n BT WP oF EheERe
i nsul at orPr°Fﬁs~'rld’6t steni-i sTRYS" FERR anpedr warars medsurfsawetof frhely nsul at or,
| eadi ng tperseaods nyrodgh hesursuhat yers! | wefbremsagry, packagRdr ghdwbes,

cracked %Ilélnbé’-r L@k 8n ﬁ@dugﬁmry Shad |0&I’ co&@reﬁaeel{dlou§r§ ta%c&ast' F énéeggﬁgvat er

“t'p "escape" the confines of the insulator, the water nust i tfuse t rough
the insulator to an area of |ower water concentration. This area of |ower
wat er concent ratiSonagevér BeEReabhl ity 3éEents BEB Radpwan phery faflwtes. PCB

i ncl udi nYathe d¢dpeart dsotheomserfacedetwasinen cpdwee/faindabardeayed TheEEt air.
Assumi ngihbaiadihg ﬁéfez%(}t Wad dry sbﬁ’&uchaow peRECLIbh 'p@.QﬁeOf et &l: s, ch:.

- di f f usi OQaQI:l m%,@!':ﬁ& g\g é&%ﬁ &L%ﬁgﬂs arb NI 3& hey %%@E%%%Ee%%b’ car

over a | ong een énove romthe % he
a

wat er caif® u%"eldBF?‘%?é’rr URFERFEY RERSE herTRASE e ST BT of APFIRAECRERIRARRETA | N
PCBs i s eattwodihetamaticollefiedhentingeoftdes( BAR)eenwtiec poseci/yrsundiarlane raui t
board sherésigguoarstPngyerglassifihensstebhe Skt Simieafos madvahge wat er

| eaches a?&@ét.-ﬂceﬁyfarsoqt e&&&een&e@en% OhSs Ie%gn&lh,% LQ{e%f A0S 3 RELVEEN a

glass fiber and.t glectri.c he_c 0Si t when an

causae. Qelamzl the nsufg%per I On a ? r r
electricaf bias is pfred: depoSitron & d% to TR E onThic EPRE
dendri teén wreﬁu{cﬁ%cqzmégg%d?sulator, leading to crackn.ng of the insulator,

line breakage, package ruptures, cracked PTH barrels, and other similar

deleteriocus effects.

) For the water to "escape” the confines of the insulator, the water
must diffuse through the insulator to an area of lower water
cancentration. This area of lower water concentration generally only
occurs at the periphery of the PCB including the top and bottom surfaces,
where the laminate layers meet air. Assuming that the zir actually has
lower concentrations of waeter, diffusicn of water through the dielectric
into the atmosphere will occur over a long time. Until water has been

removed from the PCB, however, the water can cause blister damage.

Another water-czused failure mechanism in PCEs is cathodic-znodic
filament growth (CAF}, which occurs when circuit board shorts grow along
glass fibers. The shorts are formed when water leaches metal ions from
adjacent conductors into the interface between a glass fiber and the
dielectric. The cecpper ilons are deposited when an electrical bias is

applied; this depcsiticn tends to form conductive dendrites. When the



130CT2003_3. erial is in solution, it is generally ionic sot

Wil m gr%\lg%éeq%g%ard a netal feature that is oppositely charged. @tﬂﬁu@é
rare positively charged areas, while anodes are negatively charged areas.
‘Thus, netal dendrites usually grow between two.oppositely charged, |ocal
cat hodi ¢/ anodi ¢ regi ons. These conductive netal dendrites then cause

el ectrical shorts. The failure mechani snms caused by water have been
exacerbated sonewhat by the use of PCBs for chip carriers. Chip carriers
are devi aegextial W cin ebipsiocar eltp|laC@éhﬁ|adl?QlﬂiﬂQ3t.ﬂjtb@tf arte wRel Ngi geappect ed

to a board, . Ln, tmagag.;%at esnChi po I &{ Lfeﬁ”ad@at%l oSt ¢ excl usi vely
{01

of ceramcs. Because of the use o ram c carrlgfs %he Joi nt
El ect r onikReSiBaYEEe PiGRRE ATEAT) @6‘&%& JnodeEDRE) ne%ﬁtbaayy Stgantd ek ees.
promul gatmusst asedr denéiorteal egia1ani grdmm;u%%dw&wg:ppdmagdcﬁéﬁédﬂgl ocal

Spag 2 IS Bt dhodlf LdCRs | N3 68 BALLAL Y BIAUNEAAL LGP 28050 (o be

substrat e rateria sor no water
used i n EHieFtERFH SPErtSwater nigration and the probl ens associ at ed
therewith are nore preval ent because there is sinply rmre water in these

organi c materials fagﬂbpe n@@ﬁiﬂ:@ﬁé:céMyeghbflrh%tgpqﬁvgr@Q .6,.kggi nate
materials, are %Ilgg a oPaﬁc%s Iﬁgarrlers %L ere ore, wWthout a
way to | iSPPEVFRY Bar 8% cH§s8H By cathSarR/ SHadrts- o |‘=F§r’g‘?r€v\fﬁea‘?ﬁi’lce3
del am natticonhdth i BE AR §13¢FDRFAMENECRS bPOB® htithg kE@seatield toonthoame. t o
have hi gher tRengers ohedaichip earalers ekiabiadet yimopt AN iBivelle oBr €58k cs .

i nventi oRepLOYL d@Stht nus% E!Erz.%traﬁ§@§%r @thP‘é@H_%EQU”c% SQInet fE‘i c rsem'cn

pr| nted circuit_bqgards, g%{p ﬁe SEE%SJ (iqore con$r|5| ng Feast 6

: ﬁyer of DEYHSY FREAPRaT I SAHAEr FF on® 74y 4798 iedinaaclf’i‘\?’é“lgﬁﬁ? erlal

t he cond§é§1=%rc}?aﬁferu%ﬂlecm§?wg= sePydasicentiy pgovised teptang| eestardnefosokant
to reduceadeierd nabt osssandigayheskicleanngt aheibakenibBGravns hnateﬁ:igj;tas:sorbs

Preferably, .ihe at LfﬁSt NenecnhayﬁfBSOBaG@rBiHGAlt\eebémnts%r:'EA drd pt WO, - sl.gyers of
conducti ve, nater i ber. | am nate el

sandwi cheat%’étn\‘/vgé:ﬁlc%%n at“d E}ilea%r 3 csosn%ﬁéfl%/é REtarraf=e ﬁPé?e‘F%Fdﬂagen’f he
at | east PBFRNIQYERPTHI LT SHEPLY &ﬁ??]dtaéer”t khesapsganic phtedisds. | aMiimat e, the
at | east caneidmpyewhidh egrdusiei Yeomerganial lbeimge mardwsThedrbetyrea t he two

| ayers ofiahihare Lam nale:ENREc&H02 3a Preferably the at | east one |ayer of
fiber lamnate is

Therefore, without a way to limit failures caused by cathodic/anodic
dendrite growth and delamination of insulators in organic LCCs, PCBs and
LCCs will continue to have higher numbers of failures and reliability
problems.

The present invention provides, in a first aspect, a power/ground
core for use in printed circuit boards, the power/ground core comprising:
at least one layer of fiber laminate; and at least one layer of conductive
material, the conductive material being sufficiently porous to at least
one solvent to reduce delamination and cathodic/anodic filament growth

effects.

Preferably, the at least ocne layer of ccnductive material is two
layers of conductive material, the at least cne layer of fiber laminate

being sandwiched between the two layers of conductive material.

Preferably, the at least one layer cof fiber laminzte is two layers
of fiber laminate, the at least one laver of conductive material being

sandwiched between the two lavers of fiber laminate.



non-conductive. 13 0 C T 2093 Preferably the at |east one |ayer of fib

.1 anminate FY¥P&®Mfuctive. Preferably the at |east one solvent is Vat 8] 2%3
"Preferably the conductive material conprises netal having a plurality of
hol es, the hol es bei ng spaced and si zed ta, provi de the porosity.

Preferably the hol es are spaced no greater than 0.05 inches (0.0013 m
apart. Preferably the holes are at |least 0.001 inch in dianeter but |ess
than 0.010 inch (0.00025 m) in dianeter. 10. The power/ground core of claim

9 wherein each phek&rdi yabe!tat01002 onBChLfd 0P0Q5..7) 1 it . ‘1‘:?”‘“ er.
Prefer abll}/ th élﬁonductl ve material conprises sintered neta “%r ef er abl y the

conduct i VEFECEPPET Y conprises fibrous material woven into a fabric or
formed into random paper fabric Preferably the fibrous material is sel ected

fromthe grouppréensinsti ag asseaddtabhy pjyegeéﬁlfﬁgétﬁ%ﬁéw% fc'mt%g arsTEL Al -
coated polyester, nmetal-coated Iiquid crystal polyners, netal- oated"®

pol yet hyl ene, netal -coated gl ass fibers, and netal w res. Preferabl y the at
| east one | ayeFr‘tﬁerﬁP%brtheaﬁFnJaﬁaétl ene giodaewt s eatert.he group consi sting
essentially of epoxy, bisnaleimde triazine epoxy, cyanate ester,

pol yi m de, pol ygee\gerrggiyqrhgegglyé&qgvg P‘I;E:I;)rial Rol ytetraf | uoroet hyl ene, and
P JE)S‘SV?%%

f 1 uor opol second aspect resent "Fnvnet r'ohe £ a printed
circuit %85?3:1“(3136@ boisfe BEB }t?&ﬁﬁr’i’%nt‘igslz’%ﬁeq éaétSlGﬁé ¢ graridorde each

signal ®erestwnprising at | east one signal layer and at | east one |ayer of
fiber lamnate; and a power/ground core according to the first aspect. In

a third aspecty, vention prg vi des od faor nmaking a

printed circuit'® fQ?a%If%%%) hé]trkhegn%ts}?aﬁe rgfg‘?a% tt %nsotéaﬁs“bcfhesERMGGZ 1

336 CT 3903°3BH provi ding at | east one povver/gr ound pl ane conpri'sing at

| east one layer o_-, porous conductive material; formng a plurality of

openi ngs in theedtrabBathe ONE RBOYES /-Gr leékd: Rl. a@ﬁuntgrm R ofl 191(}”]%9%'_{ g th
aye F6r ni ng

the at |eagt ©Ongo POMErbIpNd Pl aNg,and at | east one si gna
a plural yof oenln/%s In the conposite; ‘and formng a plurality of
?‘lr F%‘%er

pl ated thfough o Re¥RE °86ﬁp‘bf5|°llémv§1é'?”%¥?f-”t Rechordasieairgutt d 1092
mat er i al 1#%P s{f-PPEP=M)| = Fwetisri{ o sol vents to reduce del ani nati on and
cathodi c/anodic filament growh effects.

Preferably the conductive material comprises sintered metal.

Preferably the conductive material comprises fibrous ﬁaterial woven
into a fabric or formed into random paper fabric.

Preferably the fibrous material is selected from the group
consisting essentially of metzl-coated carbon fiber, metal- coated
‘ polyester, metal-coated liquid crystal polymers, metal-coated
.) | polyethylene, metal-coated glass fibers, and metal wires.

Preferably the at least one layer of fiber laminate is selected from
the group consisting essentially of epoxy, bismaleimide triazine epoxXy,
cyanate ester, pclyimide, polytetraflucroethylene (PTFE),
polytetrafluoroethylene, and fluoro?olymer.

In a seccnd aspect, the present invnetioen provides a printed circuit
board (PCB}), the PCB comprising: at least cne signal core, each signal
core comprising at least one signal layer and at least cne layer of fiber
laminate; and & power/ground core according to the first aspect.

In a third aspect, the present invention provides z methed for

making a printed circuit bozrd (PCB), the method comprising the steps of:



- Preferred features of the third aspect are steps in manufacture of
.features cHY¥HFEnding to the preferred features of the first aspect.
~Accordingly, the enbodinents of the present invention provide powerqy 33td 2003
‘ground planes that are used in printed circuit boards (PCBs) and that
conprise porous, conductive materials. Por8Bus power and ground pl ane
materials all ow water and/or other solvents to pass through the power and
ground pl anes, thus decreasing failures in PCBs (or PCBs used as | ani nate
chip carri d / ament growt h and del am pation
of insul atpgogld%g#%gslg%sn@%%g%ygg rﬁg?lg‘%n%l giane c%’?’%&f"ﬁ%cf‘tb}eﬁ%ﬁ fge laver o=
et al - coaf8I°BF AWSELth "3k Gty eSeipgor Fflabiilhts’ ¢ 6 uTenasgs hios ehaade

from car baerkgt aple pewer /grloass dleber sjormtifg rhgcaieé&];tw %3 nMesd dt'"'%.?ﬂéj Bk

met al sheehs S r t r s eets por
f or mi ng a% a’rur:JLlﬂd&gwi bﬁgg ?ﬁd trg%eg%raésttgong%«gﬂgl TeSh ®r2 f BF?%‘%?fl 3

OCT 2003 ﬁbeﬁb'i%eséggtflf SOFROSIS €2 03% IgEmEy &opbgaﬂra@e qfnpmﬁ@h throygntoless
paper configthatdogngsite; ahexinayhofpoliobesohsuctioemtterial MLLakr&NRSL 1y
such an ajsbaaaus"r&)é be1fmraees wehhcélcaeagﬂiﬁat%@'andpEQ&%%.% od: §P§, L han af e
per f or med %Jg ?Qggsntl onal nethods. The preferred exerrp ary erbgdtRbnt of
t he preseﬂ 'Aventron will hereinafter be described Jn conjunction with
the appended draw ngs, where |ike designations denote |ike elements, and:
FIG 1 is a perspéetiake reawesl of 1he0OssrALaihR Qfe %tQQWn @Qh&ea RALL %ff"ed-
G

I N accor dafeg; Ast Bo 2 ALEHEHH, odi.opnt of cLhe _prese nvention
is atop view of a pow%r corggg%:{%%erg%ed i nga%e(?é}%ﬁ%ncz g\ﬁh? r#“-'aﬁoﬁ?ér*

preferred enbodi nent of the present invention; FIG 3 is cross-sectional
vijews of pref ePFERF Hawer. dhegerratinghianed theprasansr ahverdiedi pEsitige Ofoudie
present | e Rircond flaes 4tHag SXDSSe86i] |p@ﬂﬂded\/b§¥&leb@E:§isX'{bé§/sqr a,%ltg] gd

t is | vk, a o ted t
boar d i 1 - e Ao o 1 ‘S‘t”’“'??“r CRNGLED helbds oBUEE Pl BESind Pt i on:

FIG 5 is a process frow hc (5’1’r R HBH"?"GF TRy %&“Gél‘iﬂj aower and

ground planes, thus decrea51ng failures in PCBs {(or PCBs used as laminate
chip carriers) caused by cathodic/anodic filament growth and delaminaticn
of insulators. Porous conductive materials may be formed by using
metal-coated cloths (such as polyester) or fabrics (such as those made
from carbon/graphite or glass fibers), using metal wire mesh instead of
metal sheets, using sintered metal, or making metal sheets porous by

forming an array of holes in the metal sheets. Metal mesh or fabric may



power or ground plane in accordance with a preferred enbodi nent of the
preseht invention; and FIG 6 contains cross-sectional views of a SI X- | aﬂ/}er
printed circuit board and t he | ayers that make up a six-I|ayer prﬂ '
circuit bSW/65889e preferred enbodi nents of the present invention over cone
the limtations of the prior art by providing Printed Grcuit Boards
(PCBs) having conductive, porous materitals for power and ground pl anes.
The materials are preferably porous to .water and other solvents. The
present invention relates to manufacturing of PCBs. A short introduction
to genetal,ABNU %Léwid}graﬁd&anpt&s cbofigREBsiatisl. | Townbergiyven holet | oned
by the preferred enbadi nents. r e i rd,

the startym§ontt & Matad snlc"‘laféuat‘-lulcy 4 qﬁéaé\{ %Egﬁé;el sftglnﬁéd %?’? r%e%g&atggpﬁ%d
epoxy r esiates$hng stepofdihen alteeroﬁre’fép“"ﬁlﬂe‘psrlég"C%@&Et@aﬂh‘e‘?‘ﬁoﬁer is

i npregnated with resin during WO 00/65889 1 3 DC 1 2003 5 5 10 15 20 25 30
35 40 prelimnary processin The resin essentially acts. nder bi nd
f¥fber into aTBOéJrrdfe’f"erpFé%e" 8FY (e F T BT o éstshecf%?sﬁn i nvleg p%nsgflgfe

use conmr»@ssedt@aperdmv@bérennsmnja!bbelqmwew ahs. arFisederh Hrevinss d“’ll’*%re
thereforg,g { nafck sdd%oéé ahkk Verfehexid)l @ndli el ectric material that will
be fabri catea 5{ final printed circuit. This starting material can

be | am nat ed vvlth a th|n | ayer of copper on both sides of the board with
sui tabl e adhesi:@n 1 The: penbparativernviey ebrmnuonbss-cattiew ebppeervel abrel am nate
(POL) . These, Gobs,0an.Sldhel AeRoie:kBpld doublifesl dedueqsdsent having twio
si des of® copper mesﬁ hey can be circuitized and |am nated with

addi ti on’a‘?"%»éP’éctn C i nt o mul tilayer conposites. In nost cases, holes are

provided through these boards (usually by drilling) to accommodate
el ectri cal CO@EEC“ o0 of. & ‘4?"5!5%%a@k@%&@%&ce?z@é@@ﬂ%ér&é&%e with be
attached. The hol €s are U uaﬁy

| ed usi ng g speed drilling machines
and t he ?%@FFOP%efGFI?%é“‘HB‘F’é%e“ér%f s‘ﬁ‘éc?’felséﬁt WEEHEdr awi ngs or design for
the boards. In order to make an el ectrical connection fromone side of the

FIG. 3 is cross-sectional views of preferred power or ground planes

for several embodiments of the present inventicn;

FIG. 4 is cross-sectional views of a six-layer printed circuit board
20 and.the layers that make up a six-layer printed circuit board in

accordance with a preferred embodiment of the present invention;

FIG. 5 is a process flow chart of a method for making and using a

power or ground plane in accordance with a preferred embodiment of the

25 present inventicn; and

FIG. 6 contains cross-sectional views of a six-layer printed circuit

board and the layers that make up a six-layer printed circuit board.

30 The preferred embodiments of the present invention overcome the
limitations of the prior art by providing Printed Circuit Becards (PCEs)
having conductive, porous materials for power and ground planes. The
materials are preferably porous to water and other solvents. The present
invention relates to manufacturing of PCBs. A short introduction to

35 general manufacturing technigues for PCEs will now be given, followed ky

the preferred embodiments.

In crder to make a printed circuit board, the starting material is
usuallv a sheet consisting of fiberglass and epoxy resin. This is often

40 termed "prepreg' because the fiber is impregnated with resin during



.copper lam nate through the holes to the other side, the plastic waII of

the hol.e must be made conductive. This is acconplished by a chem ca

- process comdsgsknown in the industry as metallization, and the prdcéQET 2003
.consists of a relatively conplicated series of chem cal tanks and rinses
and an activating step to apply a thin copper layer to the hole walls.

Since the copper layer fornmed by the netallizing process is generally too
thin to forma suitable electrical bridge between the two |ayers of the
board, er el ectrop | ating is used to depo |t a_heav ayer of . c in
Che. hol CPRLAMSIRIS: PEE-TRT I o SUFISOIB CHFHLTA CroRs : SaHIA FoPBATDPRg
current . ir€opperozpidat i hyréare bé fot |fotext deyes talweh eaidt lerpctasmbptl abiwee in

order to.JBRLOVE: $RLELTADLLIdY suffdgt fBLaklizatbQn,acid GUbLd zation is
perforrred on those surfaces. that require circuit patterns. The circuit

pattern P&T8IeTT Guftatesigi’ Whétgq%ya&tﬂﬁlﬁbe Coet#e Tt eEtaY ABeF ¢Elthe
dsil | ed Bodedriducadacoidanse finkt hpdiheed equbiienentis sokcdhengpecetiatthons or
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to the e t development .step. .
Chem caIU\é Vg %0268%&\/\%?0%%8%819@% }Shc%o%%%s ggg% §gr%qol n%t cﬁl ng is then
t%ed to ¥YERBIES Mé B xPELESr fitiEchBt @i Rt NRE L i ayeT ¢BWPRFHI®Sg phot or esi St
is stripped, |eaving only the netal pattern Turning nowto FIG 6, an

exanmpl e of a fr;\:xé @Vgése C%JOE.ll x? gr % thrlgtgth rgyég LH?JagrQse (SI Xa ]! ﬁ’ya%t uring

are shown. | 0, ort I ons own at Vvaril ous nan

st ages. @tlklta%ﬂertopeewzed#@nﬁtt%féecel coee?ﬁseettcef' LR MREdOwy epeereRnihg

(cal | ed cdmabhéradd REAY Wiageddakcidmessi gnal noxeer £ L@&aﬁ@ddiﬁqedmngomer :
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pattern Ten pres rma co thi's pressing,
t he di el’étttPch%"‘llPQ? &1 B%F 4Rt BO%rH?ed%ﬁ?Sdehat exi st bet ween t he cores and

dielectric layers. After pressing, the
In order to make an electrical connection from one side of the
copper laminate through the holes to the other side, the plastic wall of
20 the hole must be made conductive. This is accomplished by a chemical
process commonly known in the industry as metallization, and the process
consists of a relatively complicated series of chemical tanks and rinses

and an activating step to apply az thin copper layer to the hole walls,

25 Since the copper layer formed by the metallizing process is
generally too thin to form a suitable electrical bridge between.the TwWo
layers of the board, copper electroplating is used to deposit a heavy
layer of copper in the holies in order to form a suitable copper cross
section for carrying current. Copper plating can be followed by tin-lead

30 or tin plating in order to improve solderabilitvy.

After metallization, circuitization is performed on those surfaces
that require circuit patterns. The circuit pattern is a circuit design
that is applied tec the metal suriace ¢f the drillecé board in accordance

35 with the reguirements of the specificastions or design. The image can be
formed by applying an organic photoresist coating applied as a dry film.
Ultraviclet {(UV) light is projected through a mask cnto the photoresist.
The mask contains shapes that block the UV light. For negative
photoresist, the areas of the photoresist that are not exposed to the W

40 licht are removed during the subsegquent development step. Chemical



conposite will be drilled, epoxy sneared onto exposed drilled copper

| ayers will be renoved, through holes will be plated, and further

processing performed. For sinplicity, FIG 6 shows dielectric refldhﬁﬂﬁ}g@é'
as cont ai Me¢p/easBY i nstead of dielectric. In addition, plated through holes
(PTHs) are shown as solid netal, although these will generally be
cylindrical netal holes. Finally_ toolihg holes, which are wused to align
artwork to the lam nate and the | ayers together, are not shown. Signal

core 100 conprises a dielectric |ayer 104 sandw ched between two copper

layers 102,2Rd :10%ne5h90al ¢ £QEREOORE %@OSQ@LSQ&MI ﬁ&ario Wecessd ng has
been perfornmed. Copper |ayers 102 and 105 W | F’% carr¥| ng | ayers

on whi cqu”iah’é’é“%ﬁ’“ﬁb?fﬁér"s 1% b PREG.. e@%‘pefmf }@ Py *3Fso have pads
to which chips or surface-nounted packages containing chips will be

sol dered. Si %fg%l QerE;w:LQ& P1%. 8 1 %Qréﬁ%iétdfog ofx stgnalpes %QfdetﬂQQLa%Ir@r ’

si gnal core een patterned. Si core 101 conprises copE
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Power cicfpdd(d $i81 Gelapnivhi ok sweea:esahﬂ@ dxpsshpenilper topped. Copper

| ayer 1 come the po wid 1P e : 89 7130
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ver sa). PrPeaesingoperfprmed s §°¥ eﬁdﬁ’ek’éﬁttatlféﬁ of Sﬁewérd’GéF%trffor °8r power

1B0r e ll&rehasasbeeﬂtﬁaﬁh@rﬂed:.nR@éBroﬁ:a&elel—lh@ormﬁ|ﬁeﬁtmpp@naieayers 112
and 11> e B3ty R0E, MDA Er AR, 208 ) £ GELLL € BSlonl ke RRPET | aver 112

is b5 pattern cl earance areas e copper |ayer 115
is pat G@PHE@FI\M Ph *I}{ﬂoené#’é&lla'ﬁ%féla]f‘%lﬁ 18408kt 18601 FHeRel 6l Wi 8T %r eas
Wi || prexentcd he:gowRikwand cgr onendapimne Saddar one QagtactiongriRisatdhabewi || be
drilled |hn t hese | ocations after power core 111 has been pressed into a
conposi t% and hol es have been drilled and pl ated. 10 A conpl eted PCB
ZMortion is shown as six layer PCB portion 120. it

Signal core 100 comprises a dielectric layer 104 sandwiched between

two copper layers 102 and 105. Signal coxe 100 is a CCL on which no
processing has been performed. Copper layers 102 and 105 will be signal
carrying layers on which lines of copper will be made. Copper layer 102

25 may also have pads to which chips or surface-mounted packages containing
chips will be soldered. Signal core 101 is a representation of signal
core 100 after signal core 100 has been patterned. Signal core 101
comprises copper layers 102 and 105, which have been pétterned with
circuitry, spacing for PTHs and other clearance/tocling holes, and

3o dielectric layer 104. Copper layer 102 has two lines (not numbered) and
two pads 107 and 102, while copper layer 105 has five lines. In addition,
copper layer 105 has clearance area 170 through which a PTH will exist
after signal core. 101 is laminated intc a composite, drilling performeg,
and holes plategd.

i5

Power core 110 in FIG. & comprises a dielectric layer 114 sandwiched

between two copper layers 112 and 115. Copper layers 112 and 115 may be
thicker than copper layers 102 and 104 to provide extra current carrying
capability. Power core 110 is a CCL on which no processing has been

40 performed. Ccpper layer 112 will become the power plane of 2 PCE, while



Jis.common to call this PCB a "six layer" board because it has six
conductive |layers. Six layer PCB portion 120 is shown after signal cores
- 101 and 13@ opewes core 111, and dielectric layers 150 and 152 have BeelCT1H0
.pressed to forma conposite. The conposite has been drilled, epoxy snear
has been renoved fromthe holes, and the hol es have been plated. In
addi tion, conponents may be attached to the conpleted PCB. For instance, a
J-1 eaded package 160 has been sol dered to pads 107 and 103 of copper |ayer
102 of signal care 101. Si %nal core 130 is a patterned signal core 20
sim | ar 1°5PET gifaiercot®e Y101 Pespighabe ccund 33 280 mfr PsRB ¢oppurce | egrsrs . 132
and 135 medrdi@ieatrie b&@&eéﬁﬁatmpﬁerpd@yeé&eliggo &@geﬁ-%% wBAV& rRee
patterngd tgeg orm rr}% wer ctorr!acllllax %50 has been added_between power
plane (copper f2 power - core  TEL Rt THRCopPEr® Fagét™165° of
si gnal d&&re i{)‘-l nowwqteemeei ee@ dielécryrér 1B2rhuls . be@qppadded’ebeimeea 25
gr ound RadberdLORRER clwavelre)ariﬁ& gfefOVWRS LA €al1]nARd: Gﬂgaeﬁa}ea—ygﬁs 132 of
‘si gnal caore, 130 Qﬁ:h; ectrlc Iaaéer 150, 152 ma%e have been made from
nore than one 1 ayar o FARITS 8708t AM9PTi% aF eSEnTHARTARCPERS220. PTH
109 Conr'r’eéi-sP{R)W@F 'ﬁ%eanewerlznd 30ceny Piimad £161 coarddtneg RTRpatiaer ReTh aepper

layer 1Qfi1geul i& Lhdie @&&%ﬁ@r@@& QReer.Jkayen f3bn.dl gaka 180
prevents ﬂl-:’TH 1019 3 (i)round:0 NoltéL t hat E:c g%:ea%&ccg ;ng&g} 180

woul d bEFPPTES \?\‘F‘fﬁml?%;ﬁa’(ﬁ&f 8i %‘f ¢E7 i3<aPtEE ani nation, but this is not
¥hown in FIG 6 for sinplicity. PTH 108 connects signal |ines on copper

layers 102, 10%omdbeckdZpcm Qrél%ﬁ il €y event PTH
108 from contacti %gc(; grf)cung ane 11%3‘%?%%0\/\12{ gg?allngé%%qn%%gpgétl \?Ire%l y. PTH
n

106 conn&ct¥" "Gt 6% | §hé avm"f‘ﬁ‘ LRYRES BrarSafecagfe coppef Sidyers 135,
132, ‘andot@@ct -lvz thaukd Fexnbived kdraporlieet riccak wloearaaee iigheas, cdhh:ls| e

al | ow ngm@n@qrre, agmentco@fe 1:a¢alig @de NALGE: 3, DAS S50 AQ,NOL, RLOY!
uf ficient 2003 w o 00/ 65889 B porosity to noisture nee 3 to
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and in fezé¥t3p2t he diostarees Wil | Sienaiuchre l2apges ai natrnashedarsegﬁaﬁr&r& he
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ground Qr . E ne and PTH, _through which "some snn
noi stur & may dl"’ﬁn §E CHUT “t HESE Yital | “OPEES HEET 19?%%‘d163%r}’é‘vﬁo‘?ee§uffl ci ent
t o provipdeteinedpbe dorpylinhat Pselhmcessdryet QspriesehbéerOkidéd® hdt@een

- cat hodi gbagodiiGnt i (BB 180t Blﬁfoffeﬁéw%roéo:.qehf‘fﬁagattih%hcopper layer 105
of signal core 101, while dielectric layer 152 has been added between

25 ground plane (copper laver) 115 of power core 111 and copper layer 132 of
signal core 130. Each dielectric layer 150, 152 may have been made from

more than one layer of dielectric.

Several PTEs are shown in PCB 120. PTH 105 connects power plane 112
30 to J-lead 1E1, a line on patterned copper layer 105, and a line on
patterned copper layer 135. Clearance area 180 prevents PTH 109 from
shorting to ground. Note that clearance area 180 would be filled Qith
reflowed dielectric after lamination, but this is not shown in FIG. & for
simplicity. PTH 108 connects signal lines con copper layers 102, 10S,
35 132, and 135. C(learance areas 184 and 182 prevent PTH 108 from contacting
ground plane 115 or power plane 112, respectively. PTH 106 connects

ground plane 115 with lines or pads on copper layers 135, 132, and 102.

It should be noted that electrical clearance holes, while allowing

40 some amcunt of localized water to pass, do not provide sufficient



The insulating or dielectric materials used in PCBs are able to retain

rel atively high amounts of water. These materials absorb water 15 during
processi ng. They al so have noderate diffusion constants, which al Ip ochenns
wat er to tmayedsssgponversely, power and ground planes are generally copper,
whi ch do not allow water to pass. As the water diffuses through the

i nsulators, the netallic power and groundg planes are essentially barriers
that stop diffusion. Thus, water collects at the 20 interface of
power/ground planes and dielectric |ayers. The preferred enbodi nents of the
present invention overcone the |imtations the prior art provi di ng
power and®Ysand 1 SREETYRabeEE tULEEVEH ﬁmﬁl&an 1% EBFRC aaBSé %’ §2EPCBs) (or
PCBs usedtiasmear aratveh Gfifpc2b oCadeizerisa{ild@Cs)Herandsttanae. conFaE.n éconducti ve,

por ous rraél%rarghée BYa PIOVEH Rgibi %mgqnaC{%EtJYEzartbﬁé%rQQw pald gL pl ane
materials allow water or other solvents to cEass t hrough the power/ground

pl anes, tHEr EbFe Fedbitd FFedriad PR EIPFIFERETJEF cFAToaY A F Fafedt PTARFR
growt h al"lidnabh.iastfef Scr@AUseds by Tex panRdbng setwent and\dties dfS Prie hame Naicause
of CAF, hut other l.ven aus L

parti cul arEEI1 tJI"CEIl e%%%%%tfﬁglélneﬂﬁet %‘al 1e1?1erg% )| (%r g}fﬂg%lgenz szco%e rnuCéfnd
pr opyl enelargar bohAPst #7738 Anfeibe %Jﬁat Sf@éheéaugé‘lﬁeItaﬁif%a’tlibrﬁeé?ﬁrﬁhhbpia ng

effects. sthe p&&f—%ﬁedoeemb@dlanea&@acemdwse ;ﬂa\,saraﬂy iy, Conebighi Vigich

"porous 35 nat € rials be usedf r ower _and .ground n of
PCBs. Thetec ars a AURDE s CJ%)fmr%att erf ard avfg fab;%élptrf\q}%tserrsem 12 ﬁgers egﬁ% %r%r%nt

of° porousﬂrEpav\krSUéﬁHC?girnGuh@l picakeés thEgporopsansat Enbeel Sreny stOOPr?Yﬂ?t or

current ddaventdholBY/eaentsiin ShdhtMBtalthi £ ARt adr Beidminatidh an array of
hol es, sintered/ powdered netal, netal wire nesh, etc.), or may have
fibrous base 40 materials wherein increased conductivity is provided by
metal | i zati on VWS 00614889 o FiQlCFr2Q0BrorRIFOussR! 20 PUPs38r35b4® {car bon
Fiber COéHeQd;MVi i1 alevaly, hgduas&oi[uiaﬁeefcumtaed Wit be m&ah.alraoay@%beﬁate&oat ed
pe .of base. caonductive used,

h di
\é\flst met aA ox)ocesspnan I’H%geal %]3‘6 moggrt'%te f USAPT COHSta u|’ eEhdlc?)f usi on

fferent pro%esses may ‘be u snma
hol es anc:ithe ﬁme’ﬂ@m&lo eravetr | c%qnverwwamehoa%gmund Planes are

generally copper, which do not allow water to pass. BAs the water diffuses
through the insulators, the metallic power and ground planes are
essentially barriers that stop diffusien. Thus, water collects at the

20 interface of power/ground planes and dielectric layers.

The preferred embodiments of thelpresent‘invention errcome the
limitations of the prior art by providing power and ground planes that are
used in Printed Circuit Beoards {PCBs) {(cxr PCHs used as laminate Chip

25 Carriers (LCCs)) and that contain conductive, porous materials. By
providing‘high porosity, these power and ground plane materials allow
water or other sclvents to pass through the power/ground planes, thereby
reducing or eliminating cathodic/anodic filament (CAF)} growth and blisters
caused by expanding solvent. Water is the main cause of CAF, but other

30 solvents are known to cause delamination. in particular,
trichlorcethylene, methylene chlecride, benzyl alcchol, and propylerne

carbonate are solvents that can cause delamination or bubbling effects.

The preferred embodiments comprise a variety cf conductive, porous
35 materials that may be used for the power and ground planes of PCBs. Thers
are & number of materials available that meet the requirement of porous
power and ground planes. For instance, embodiments of the current
invention may be entirely metallic [(metal foils with an array cf hecles,
sintered/powdered metal, metal wire mesh, etc.), or may have fibrous base

40 materiazls wherein increased conductivity is provided by metallizatieon



- Before proceeding to the preferred enbodi nents, a short di scussi on of
termnology is beneficial. As stated in the Overview section, "prepreg"

T a termthgb @RRgwal |y connotes fiberglass and epoxy resin. Thi's | S| bﬁﬁbi‘ﬂlﬁ

-ternmed "prepreg” because the fiber is inpregnated with resin during
processing. Sheets of fibrous material ssmay be called "fiber conposites,”
whil e sheets of fibrous materials containing resin are generally called
"fiber resin conposites.” Unfortunately, when one or nore signal |ayers
are lam nated with one or nore power/ground planes, or a power/ground
pl ane i S(RERPRAIEEY FEAARER T iSHeBE S lof SRsEpEEr F9RFcFesiiint Mrkpl. | PvEFSeTcal | ed
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ConMposi tegevﬁ géca I§e qgjf“rgggéﬁsg% rtlngklbge Em:[ ef B £ ger ®| ¥M'nate" is
i nt endedweiscerr SAphas gl holegpasd c‘}fhep¥@|§|€é‘§}1,alf bt réenposeaxance Hdlber resin
gonposites, dielectrics, insulators and other materials used in PCB

manuf acturin Addl ti onal l odi ment s resent jnvention  may use
conductive fi F 756 nq“ a8  HrEpre ge"‘lt"ﬁ‘éa 8b° wit A" TdpPets ==t shoul d

be not e@LaSEMﬁolp¢uatls mqfecmle t 8s mcafebdn thgriomatalewi searsed. herein,

this ter-'&Eké§réd1-t ended bR JRROLE A1 YRESoRE FNRLIPSE! LLAGLesI NS, and
therm)pITg I ¢ pal émers esent%%"used to construct PCBs, inciuding but not

limited ©3°epoxXi-&5” | BFFPERS 't PFEIPRTEpDIRFT &5 TRFEIMALER Gt Tesin
ol yi m deginpairgtetsiall uciheet hydfefiebXdRF Figt eanal Omhe roefl kabregpof feers, etc.,

whet her QfpH0fc dshe.5aRt Mddranys ffllgﬁaus%aéerhg?g ccbPLQ48y SRLAlId1.C pover and
ground pI anes, ms% ﬁl 4 ?§?| n_a_ nunber ways. The nost preferred method
for maki®fg®a*1ior 6a%ie i Ee?)’d\/\é?mﬁﬂsaﬁ%s i suqfﬁré‘d’&?tﬁlﬁur?ﬁﬁ Jr fbles to

t he met aioré o$dgrehalaves snoremdbhinagsédviich @‘meorl?@enmframtmmﬁmglapaacws. By

addi ng %npa&é%reandﬂcylsﬁe tlg &mmaélbe@éém shdd1g BEtpaflepIégl :}4\4-_ ':lesbfung
relatlvel por ou eferre hat such es be sized

Fot ween V00T AL ??O 616°?mr?8ﬁé§e n g‘?éﬁf@t%rwa ‘&f’ll?é P EREP oS RS RUThIGF
0. 050 i néhestdEgar t:ormsmmloeief:a@erqm:ta pomresites.t 6ibematerpcsitol hed

sol vent sf;therermtccﬂrp%E%ersedmi %@eEﬁrlehs"ﬂbgpzlaimgﬁmsf' afhe thips n€laiyet er
can be common |it and g | ows ade uate power distrjbution

W Th ovaRTT Rt RATD 0K FHCH EPRET L SAEF 15 THOTEE. e HEvRoT e
created fnhceug#momman%n dipriecessss, iswehtas hagerther inakknigls teed

gener al ,int Bés HaRbFAHuSRAC] NPSaNELUERIY, NAhR3: AERENDS A8 BleRehf 1163Ln MO,
00/ 65889 13uscex:]écll'1t!'l\1].1c]f:1ve tl%er laZmQLnates {such as prepreg infused with copper).
It should be noted as well that, while the term "fiber laminate" is used
herein, this term is intended to denocte all types of thermosetting resins
and thermoplastic polymers presently used to construct PCBs, including but
25 not limited to epoxies, bismaleimide triazine epoxy, cyanate esters,

polyimides, polytetrafluorcethylene (PTFE} and other fluoropolymers, etc.,

whether or not they contain any fiber or filler.

Porous, metallic power and ground planes may be made in a number of

30 ways. The most preferred method for making a porous, metzllic power plane
is to add a number of holes to the metal foil that is normally used in the
PCB manufacturing process. By adding an array of heles to the metal foil,
the metal foil will be relatively porous ro water. It is preferred that
such holes be sized between 0.601 and 0.010 inches in diameter and be

35 spaced a maximum <of 0.05%50 inches apart to proﬁide adeguate porosity to
watexr or cther solvents. The most preferred diameter is 0.002 inches, &s
this diameter can be made by ccmmon lithography and allows adeguate power
distribution with even less than 0.050 inch spacings. Smaller hcles may
have to be created tkrough non-standard processes, such as laser drilling.

40 In general, the minimum spacings between holes depends on electrical



25 30 35 40 design requirenents for current carrying ability. While other

sizes and spacings wll increase water/solvent transfer though
power/ ground pl anes, the spacings and sizes given will allow suf.‘f§
water tranwsfewessbs |l e not detracting too nmuch fromthe el ectrical urrent

distribution ability of the nmetal l|layer. Thus, these spacings and sizes
are preferred. The size and spacing of tle holes nay al so be sonewhat

i nfluenced by when and how the holes are added to the netal foil. The
preferred stage to add holes to the netal laminate is at the
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using particul ar IEhot oresists is we rJnown in the art. Photolithography

has t he DRTERSE PHAPOFIFHTY CSnHl9 PRETES REF Béa’tﬂﬁoduced Usi ng screened ink

20 create a pattern on the surface of the layer is also well known in the

art. The screef,i Sniafktlar; f gnét JTReKodArhP8 s BENSCuLdAL.I terBlOGKTtidte T hat

i's ushed throu h the screen and onto the
P he planes, a photcoresist gs applied to the surface of the plane. As

previously explained, the photoresist is exposed to ultraviolet (UV} light
through a mask to create aréas of exposed {(polymerized) photoresist that

25 will subsequently remain after the resist is developed. When unexposed
photoresist has beén removed, the underlying copper layer is uncovered. i
The uncovered areas of copper are then removed during etching, while the
areas of copper covered by resist are protected from the etchant. Tc-
create an array or a plurality of holes in the copper layer, the mask can

30 be changed teo include a plurality of cpague areas that will create the
array of holes in the laminate. How to change the mask to create the
array depends on the tyre of processing being used. For instance, if
positive photoresist is being used, the image on the mask will be an
inverse of the mask used for the negative photoresist. Making masks to

3z create patterns using particular photoresists is well known in the art.

Photolithography has the benefit that fairly small holes may be produced.

Using screened ink to create a pattern on the surface of the layerx
is also well knewn in the art. The screen igs similar to a mask in the

40 sense that it blocks ink that is pushed throuch the screen and onto the
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metal in these areas renoved. If an arrgy of holes in the metal foil is
desired, an array of "islands" on the screen generally will be nade. The
i sl ands on the screen will block the ink and create holes in the ink that

i s deposited on the surface of the layer. These holes in the ink wll
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ing, etc.) is a normal CCL similar to power core 110 shown previocusly
in FIG. 6. Photolithography and etching have been performed to make an
array of porosity holes 220 and clearance holes 210, 250. Clearance holes

210 and 250 act to isolate power plane 202 or ground plane 205 from PTHs

‘(or tooling holes). Pcrosity holes 220 have been arrayed in rows and

columns that.are relatively parallel. Location 260 indicates where a
porosity heole 220 would have been in the array, but porosity hole 220 was
too close to clearance hole 210 and was omitted. Although this example
shows that a porosity hole 220 in location 260 was omitted, the reasen for
the omission is because there is already some poerosity provided by
clearance hole 210. The porosity hole that would have been in location
260 could bhe made if desired. Both clearance heles 210, 250 could be made
through photclithcgraphic processes during Processing (although toeolincg
holes could be made during tooling hole steps). Thus, ﬁorosity holes 220
could be made during the same photolithographic step as that used to make

clearance holes 210, 250.

2lthough the array of holes 220 are shown in parallel rows and
columns, other arrays are possible. For instance, the columns cr rows
could be staggered as shown in FIG. 2. FIG. 2 shows the top surface
(copper layer 262) cf a pertion of a power core 280. The columns of holes

220 are along parallel lines, and the rows of holes 220 zre zlso along



coul d be made during the sanme photolithographic step as that used to nake
cl earance holes 210, 250. Although the array of holes 220 are shown in
parallel rows and colums, other arrays are possible. For instaqqegmt'm&}
col ums cwoawsssseoul d he staggered as shown in FIG 2. FIG 2 shows the
top surface (copper |ayer 202) of a portion of a power core 260. The
colums of holes 220 are along parallel2 |lines, and the rows of holes 220
are al so along WO 00/65889 12 1 3 OCl 2003 parallel lines; however, the

| ocation of the holes along these lines is staggered or alternating. In
addi tion, although these_ex e LSCUSS, f_Ol i oyl. not ed
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conpr i settagfevtcher Feahatansd conbi nations of netals such as
copper/invar/copper and copper/stainless steel/copper, etc. Power cores
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to provide porous power or ground planes suitable for use in PCBs or LCCs.
Sone of Ctoﬁ’ééé/lri’é{taéf?%?lp§rnﬁ‘§ﬂgﬁépﬁ’eé‘]/aﬁl\7’éﬁs FEFEL{ ¥PRETI f§Sdril | i ng stages of
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photollthograp%lc and etching techni ques may not be able 20 to pattern sone
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changes dr@eporim tRCBe@EriKe@ Eadul epdrigel sd eps e chhlsograBefcore proceedi ng
t.o ot herscggggeré %lni that may be used for porous power and ground planes,
general steps 1nvol ved with usi ng and maki ng porous power/ground pl anes
fromporous material will be discussed. 25 Turning nowto FIG 3, this

figure illustzatigaiédveacapsef estiad noeabbpunat adiisiol (BOEOHSPOVET rand
5{ Yocdi I @Dt

ground planes, Faghoal.these, SOl dablong, el ALl g ahl.ah
processing s?eps 0 akeand use a porgous power or ground plane in a
PCB/ LCC.orThEChstSope efferhest 38tewals qidvabt gisletivelpordtsipoWer™@nd gr ound
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o ot e AR BELUSER AU KRR o6, DR g tsL 205 205
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2@0re 3(Kloh§§tiﬁ¥%nsbﬁﬁﬁo@aﬁﬁgke porous power and ground planes, it is preferred
that particular changes to normal PCB or LCC fabricaticn steps be made.
Before proceeding to cother materials that may be used for porous power and
ground planes, general steps involved with using and making porous
power/ground planes from porous material will be discussed.

25

Turning now to FIG. 3, this figure illustrates three preferred

confﬁgurations of porous power andé ground planes. Each of these
configurations entails slightly different processing steps to make and use
a porous power or ground plane in a PCB/LCC. The most preferred

3o configuration of a porous power and ground plane is shown as power/ground
core 300. Power/ground core 300 comprises a porous plane 304 sandwiched
berween two layers cf fiber laminate 302, 305. Two clearance holes 310
are shown; these hcles have been driiled in power/ground core 300 to
provide clearance for PTHs after power/ground core 300 has been laminated

i5 together with znother power/ground core, and one or more signal cores.
Laminating creates a composite that will subseguently be drilled and
metallized to create a PCB or LCC. By laminating a porous plane 304
between two fiber laminate layers 302, 305, the fiber laminate layers
provide protection for the porous plane during drilling and handling.

40 Fiber laminate layers 302, 305 may be non-ccnductive or conductive. In



35 together with another power/ground core, and one or nore signal cores.
Lami nating creates a conposite that will subsequently be drilled and

- netal | i zedyd@ogdsgate a PCB or LCC. By | anminating a porous plane 30%0CT 2003
~between two fiber lamnate |ayers 302, 305, the fiber |am nate |ayers
provi de protection for the porous planelguring drilling and handling. 40

Fi ber | am nate | ayers 302, 305 may be non-conductive or conductive. Ir. WO
00/65889 1 3 OCT 2003 13 5 10 15 20 25 3D 35 40 the latter enbodi nment,
power/ ground core 300 woul d be a conductive conposite. Power/ground core
300 coul 8% HéATBe SMRATITENEd Wﬁéﬁ?npéy@@ 3¢ wavkd denduiridves feber
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Power/ ground core 320 conprises a |ayer fiber ani nat san ched

bet ween TWEPaYers of porous planes 322, 325 Again, fi ber Iam nate | ayer
324 can be conductive or non conductlve Power / ground core 320 has been

drilled with ara £S - re. 390 cor es A .porous
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drilling, mninal anage Fous nateri
power / grfifiid pf’atﬁésl?ﬁl@ﬁtterJéé’BFt124Eﬁ@a|5>§u¢%‘td1“ﬁgl‘ﬁoPeusorrrupeciucallse which are
suscept | Phwergrdimadboitg 300 hadl bédd agln&aa@i&&, cléndahberndiagi st e | essens the

potenti aj Jegpagga[ﬁggﬁt%nga (_fso,mpt huess aproerfogsr r;ﬁ.ane I%%% SlrrBghese cores may be

rocessed manner . A genér al #&tY-gr ound core
D0 wi | IP%rI’ﬁﬁ?ﬁ‘ﬁ’ét %%FeaPP%rhaénb?ﬂa"t Pohidied withesigarapronioilea@qdr oce¥ssé usi ng
chem cal &resuebs axesehde pmbdsiipeidfs0bPBdwer/ground cores because the porous

plane is exposed to potential drilling and handling damage. However, if
enough care is taken during handling and drilling, minimal oxr no damage to
the porous materials making the power/ground planes might result.

20 Encapsulating porous materials, which are susceptible to handling or
drilling damages, in fiber laminate lessens the potential for damage and

is, thus, preferred.

Each of these cores may be processed in a SIightly different manner.

25 In general, power/grcund core 300 will be laminated after an cptional
adhesion promoting process (using chemicals such as silane) is performed
on porous plane 304. Then the power/ground core will generallv be drilled
with clearance holes 310. Drilling is used at this stage in lieu of
patterning with phctoresist and etching because fiber laminate (in its

ip dielectric or conductive configurations) in general cannct be etched.
Additicnally, clearance hcles 310 may be filled with an
insulator/dielectric at this step. The drilled power/ground core 200 can
then be laminated intc a composite with ancther power/ground ccre and one
or more signal cores. The composite is then drilled and metallized (for

35 PTHs) to foxrm a PCB or LCC. Optionally, power/ground core 350 can be
Grilled, treated with an adhesion promcting process, then laminated with
two sheets of fiber laminate into power/ground core 300. While mechanical
drilling of power/ground core 350 is suitable for creating clezrance holes
and toeoling holes, laser or other less damaging drilling is preferred for

40 power/ground plane materials that are susceptible to drilling damage.



on porous plane 304. Then the power/ground core will generally be drilled
with clearance holes 310. Drilling is used at this stage in |ieu of
patterning with photoresist and etching because fiber lamnate (ingi tU'sm 2003
di el ectriwomo/6s88%ducti ve configurations) in general cannot be etchLé

Addi tionally, clearance holes 310 may be filled with an

I nsulator/dielectric at this step. The ¥illed power/ground core 300 can
then be lam nated into a conposite with anot her power/ground core and one
or nore signal cores- The conposite is then drilled and netallized {for
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I nsul ati ng mat er1 al be performed next. Power / ground core
320 may then be lam nated into a corrp05| te along with another power/ground
core and one 1 geREé£alSi §8adr /Blkanes cotd 3genestibe @OMBRAgraeatedorier 350 may

he drill eq {reated %nt grg N.:9PtiQ0 laqgg?%% pr gl%gn% RBLSId akidsuch as
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pronntiry% ggf%&edangrégy%g Lfyp Q§t§agesion promoting step, and then laminated
into a composite with another power/ground core, several layers of fiber

20 laminate, and cne or more signal cores. For instance, to form a six-layer
composite, the layers from "top" to "bottom” of the composite would be as
follows: a signal core {such as signal core 101 of FIG. &), one or more
layers of fiber laminate, a power/ground core 352, one or more layers of
fiber laminate, a power/ground core 352, one or more layers of fiber

25 laminate, and a second signal core (such as signal cocre 130 of FIG. 6).

This composite can then be drilled and metallized to create a BCB/LCC.

As previously discussed, it is preferred that conductive matrerials
used for porous power or gfound planes that are susceptible to drilling oxr
30 handling damage be formed into a power/ground core wherein the porous
conductive material is sandwiched or encapsulated between two layers of
fiber laminate. Forming power or ground cores in this manner will provide
support and protection for the pcrous conductive material during drilling
steps. This protection reduces the amount of fibrous material that mighﬁ
35 be broken by the drilling process. A power core like power core 320
(similar to power core 110 of FIG. 6) or power core 350 may also be made,
but drilling and/cr handling might cause some splintering and cracking of
the porous material. Additionally, lcose fibrous material may contaminate

some processing steps. By encapsulating the fibrous material and adding



.into a conposite with another power/ground core, several |ayers of fiber
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| ayers of fiber |am nate, a power/ground core 352, one or nore |ayers of
fiber lam nate, a power/ground core 352, one or nore |ayers of fiber

| am nate, and a second signal core (such as signal core 130 of FIG 6).
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two nen-conducting fiber laminates. Ground core 1010 was formed by

performing an adhesion promoting process on porous ground planes 1012,

20 1015, then laminating these planes on both sides of a layer of conductive
fiber laminate. Ground core 1010 was then drilled to create clearance
holes 1084 and 1080. Ground core 1010 in this example is essentially one
conductive plane having three conductive layers (one layer of conductive
fiber laminate sandwiched betweer two layers cof porous, conductive

25 materials). Although not shown in FIG. a2, dielectric or other insulator
may be added to power core 1001 and ground core 1021 to £ill the clearance

holes in these cores.

Concerning conductive fiber layer 1014, a preferred method of making
30 this layer is to add 40 percent by veolume of copper powder to a fiber or
fiber/resin laver. During lamination, the copper should be distributed
evenly throughout the fiber layer. Other conductive fillers may be used,
along with other tyvpes of layer materials, but this filler and layer
material has the benefits of being relatively inexpensive and being

35 commenly used in PCB manufacturing.

2fter the cores have been drilled (and insulator added, if desired),
power core 1001 and ground core 1011 are then pressed together, aleng with
patterned signal cores 101, 130 and fiber laminate layer 1099, to form a

40 | composite. This composite is dérilled and metallized to create PTHS.



power core would be etched, after a photoresist mask has been applied, to
create an inmaged power core (i.e., power core 131 of FIG 6). Because

et ching may, possi bl e on sone of the porous, conductive mat1e305] 2008
used for power/ground pl anes or on fiber lamnation, drilling is the
preferred nethod of creating clearance hgl es. Power core 1000 and 1001 in
this exanple is essentially a porous, conductive |ayer sandw ched between
two non-conducting fiber |amnates. Gound core 1010 was formnmed by
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met hod of making this Iayer is to add 40 percent by volunme of copper
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20 25 30 ¥5 Afte achi ng corrponen to exerrp ary si'x layer
PGB/ LCC it Penflié%@) "’rlééu‘lhteéecﬁ%é?%“&ﬁf%t%‘ﬁ%é?%‘ﬁ%@s a
non-conductive, dielectric |ayer used to isolate signal plane 132 from

ground core 1004, ,of0d o PAT L kAo P U OK PLANG AR LT AN ke 011
layer 135 of signal core 130 with power plane 1001. Clearance area 1080

prevents PTH 1009 from conmecting tc ground core 10il1. Similarly, PTH

20 1006, similar to PTH 106 of FIG. 6, joins lines on layer 102 of signal
core 101 and on layers 135, 132 of signal core 130 with ground core 1011.
In this example, ground core 1011 comprises three conductive layers (two
porous planes 1012 and 1015, and one conductive fiber laminate 1614), all
of which are connected to PTH 1006. Clearance area 1079 prevents PTH 1006

25 from ccnnecting to power layer 1004.

In the example of FIG. 4, most fiber laminate layexrs separating the
various cores are shown as being relatively thin. For instance, fiber
laminate layers 1002, and 1005 are thin. This is for representaticn

30 only, as those skilled in the art realize that more layers, thinner, cr
thicker lavers of fiber laminate may be added if needed. Comparing six
laver PCB/LCC 1020 of FIG. 4 with six layer PCB/LCC 120 of FIG. &, there
are few differences other tnan PCB/LCC 1020 has separate power and ground
cores. ©PCB/LCC 1020 also has porous power and ground planes that allow

35 water or other solvents to freely disperse through the various layers
comprising PCB/LCC 1020. Porous power and grcund planes limit failures
caused bv cathodic/anodic filament (CAF) growth and delamination of

insulators.



-equi val ent fiber lam nate |ayer between power core 1001 and ground core
101 1 to adhere these planes together. PTH 1008, simlar to PTH ],bggm @BG
-6, connech®) dogags of signal, layers 102 and 105 of signal core 1 g
|l ines of signal layers 132 and 135 of signal core 130. C earance areas
1082 and 1084 prevent ground and poweri{ ayers from contacting the PTH.

Al t hough cl earance areas 1082 and 1084 are shown filled with "air," in
reality these areas will usually be filled with dielectric: either the
areas were filled with dielectric (or another insulator) after drilling
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di ff er erreasionhef thradCPERILER 1820rahatatepirabecqEmser dfetthad cundbegioses.
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core (sygch.as hower cor.e 1000 ) co gl ni-ng porous conductive materi al

accor dance vvlt Fhe Fhe Ccurrent -1 Qv his shown in FIG 5. Mthod 400 of

FIG 5 is preferably wused to form both t he power and ground cores and to

onbi ne the poaeeiandid, grfoam pe@f&&earﬁo@o@s GAPPOSh ke PR OfrdsEl: Thi' s
met hod |s aI o) uged fo ﬁﬁl erre |rrents y/nereln or ous

e ngt et he@n WETHyars o FLERPR) ani nate, as

conduct iVe neterialc i's san
in |oomeﬁ“ﬁ§Pé}R?E§0€mlthTh|%?ep For instance, if an non-metallized carbon fiber

tow is being used as the porous material, the tow could be metallized and
then formed into a woven fabric in step 410. The fabric could then have
25 additicnal metal added onto the fabric, if desired, in step 410. In
short, step 410 may be used both to metallize those materials that are not
coated with metal and to add additional metal to materials that are
already coated with metal. The types of preferred materials to be used for
power and gfound rlanes will be discussed in detail after methed 400 is

3p cdiscussed.

The porous material is then optionally treated with an achesiocn
. promoting chemical process or copper oxide treatment (step 420}. Next,
the conductor is laminated or sandwiched between fiber laminate (step 430!
s to form an encapsulated, porous power or ground core. In general,
standard lamination precesses will be used to laminate the porous
ground/power material. Alternatively, the fibrous, porous materials mav
be impregnated with resin using a standard impregnation process (step
4333 . This standard impregnaticn process essentially encapsulates the

490 fibrous materizl. The resin impregnated cleth is then laminated zgainst a



enbodi ment allows nore protection for the internal porous, conductive
material. In addition, fiber lamnate can help "seal" netal-covered 10
fibrous materials and other |oose materials, which helps to keep thd 3 9CT 2003
fibrous na¥e0p/as88¥nternal to the lamnate. This is particularly helpful in
the case of carbon materials, which could potentially contam nate portions
of the PCB/LCC and the manufacturing préess. Method 400 begins when an
optional thin |ayer of netal coating is nade over the porous 15 nateri al
bei ng used (step 410). The netal -clad fibrous materials of the present

i nventiop,genergldyt Rave LugraRaNBigde -t 8oi0ar rir theoid@yks edil CAl Reed ,; sitf

additional current carrying capacity _is needed, nore tal, f ormed
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materiaI? can.gl so be netallized in this step. For instance, if an
non-netalf17ed carbon fiber towis bei ng used as the porous material, the
téw could be netallized and then forned into a woven fabric in step 410.
The fabric coskehdseenibayeadmaaddidricennly retadt addedthent o tthen frdsric, i f
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sandwi chggh dhebween abbbertusasi naterdmhepe4120)1 3adt Bednor amatareacapsht at ed,
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will be BTt B T4nrnal € Fhe’ Pofoud ™ groundl power Haterial. A ternatively,
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Re-drilling to create the holes used for PTHs, and metallization of these
holes, may be performed next (step 470). BAfter step 470, a PCB/LCC

similar to PCB/LCC 1020 should exist.

25 While method 400 is the preferred method for making PBECs or LCCs
with porous power/ground planes, the steps in method 400 may change
slightly dependinc on the configuration of power/ground core used. For
instance, two layers of pecrous, conductive material can be laminated on a
fiber laminate, such as previously shown in power and ground core 320 of

30 FIG. 3. 1In this embodiment, the prccessing steps remain very similar to
those shown in method 400. For example, steps 410 and 420 of method 4C0
may be performed to add additional metal to the cecnductive material and to
promote adhesion, respectively. A sheet of fiiber laminate {conductive or
non- conductive) cculd then be laminated between the two porous layers.

35 Drilling is then usually performed to create clearance oT tooling holes
(step 450). pPreferably, laser or other less damaging drilling would bg
used for power/ground plane materials that are susceptiblé to drilling
damage. Laser drilling has the additional advantage in this embodiment of
patterning the two conductive, porous layers with different clearance hole

40 patterns. Filling of clearance or tooling holes with imsulating material



.are fornmed in the power/ground core (step 440). Generally, the openings
w. Il be formed by drilling the clearance hole pattern or tooling holes 10
- into and W eusesd he | aminate and porous plane. Drilling can either Hej ey 2003
done by nechanical drills or by use of a |aser or other simlar

hol e- maki ng apparatuses. |f roughened fggl had been | am nated on the
porous material (step 435) and not renoved (in step 437) , it is now
renoved by etching (step 445). At this point, the openings can be 15
refilled with pure resin, resin containing a non-conductive filler, or
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with another power/ground core, several layers of fiber laminate, and one
20 or more signal cores. This composite can then be drilled and metallized

to create a PCB/LCC (step 470).

Finally, method 400 is applicable to other configurations of PCBs in
addition to six-layer PCBs as shown in FIG. 4. A higher or lower number
25 of layers may be formed by adapting the processes of methed 400 to that
particular number of layers. For instance (referring back to FIG. 4], iZ
a four layer PCB is desired, a power cors 1000 cculd be laminated on the
outer surface of 1002 with a copper laminate. Then drilling could form a
power core 1001. Similarly, a ground core 1010 cculd be laminated cn the
30 ocuter surface of 1015 with a fiber laminate and a copper laminate. Then
drilling could form the ground core 10il. The openings created in thke
power and ground cores during drilling could be filled with insulator.
The two copper laminate layers could then be pztterned and the two power
and ground cores formed inteo a composite. Drilling and plating for PTHs
35 could be pericrmed to create a PCB. Alternatively, cdrilled power core
1001 and drilled ground core 1011 could be formed into a compasite with
layers in the follcwing order: a copper layer, an cpticnal non-
conductive fiber laminate layer, power core 1001, ground core 1011, a non-

conductive fiber laminate layer, and a copper layer. Then the twe copper



35 may be perforned at this stage (step 450). Power/ground core 320 nmay
then be pressed into a conposite (step 460) al ong wi th anot her

power / gr owhd op669g8, one or ntre signal planes, and non-conductivg jgmemw
| am nate | ayers. Then, the conposite will be drilled and netallized to
create a PCB/LCC (step 470). in additiaom a power/ground core simlar to
power/ground core 350 of FIG 3 may also be used to create a power or
ground plane. In this enbodinent, the processing steps used to create a
power and gr ound gl ane differ sorrewhat from rretrg]?d 400. For ex rr_LpI & 2na
drillingleEREmA%eT REolPHC TSR’ PiCate s ST 5r 21F £ 85 Cé’f"BBs‘szo“H tec an
per f or redgraTheegotousesonducbuydayptat®.t hen m ght be treated with an
optional adhesion pronoting material (step 420), and lam nated with two
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drilled grhetemd core 1011 could be formed.into a conposite with layers in

bbhe followi ng order: a copper |ayer, an opti onal non- conductive fi ber

| am nat e Iaye ower core 1%%)1 "ground core 1q(11 a non-. uagd(g%l ve fiber
he /
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2003 20 similar to power/ground core 300, 320, or 350 Addltlonallv any of the

Q

previcusly discussed methods for making these cores and integrating them

into a PCB/LCC may be perfoxmed.

25
bdditicnal preferred materials for creating porous, conductive power ,
and ground planes may be loosely referred to as fibrous conductive
materials. These preferred additicnal materials include small wires
formed into a sheet (or "fabric"), metallized fabrics {such as polyester),
30 metallized carbon fiber fabric, and merallized glass fibers. Fabrxics can
further be broken into woven fabric (fabrics having some non-random
structure) and random paper fabrics. Random paper fabrics are generally
made from fibers placed in random orientations.
35 For instance, & preferred "fabric® materizl used to create poOrous

power/cround planes is metal wires that are formed into a woven fakric
sheet or a random paper fabric sheet. It is preferred that wires
comprising the sheet be made in small diameters to allow for thin sheets.
It is alsc preierred that the wire diameter be large enough to carry the

40 expected current for the application. Metal layers cf non-woven small



510 IE 20 25 .s 0 35 40 layers could be patterned into signal |ayers and
the conposite drilled and netallized to create a four-Iayer Pﬁg. TQ@
manner s Oﬂvaﬁbﬁﬁ gporous materials to make porous, conductive &gr Ad

ground pl ane ave now been di scussed in a general sense. These nethods
and materials may be used with any of thg particular porous, conductive
mat eri al s di scussed below. If there are ‘any additional processing steps
that are preferred for use in order for a material to be forned as a power
or ground core, these steps will be discussed in relation to the
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sheet s.
thermal expansion {(which will be discusged below) and thermal stability.

Polyester is also a preferred fiber because it is a monofilament (in its
20 woven state) and 1s less susceptible to handling damage. These materials

may ke purchased in woven and random paper fabrics.

While some of these organic fibrous materials may be purchased as

coated'fabric; metal-coated organic fibrous material suitable for use as a

25 power or ground plane may be alsc wade by the following steps. First, the
organic fibrous material is placed into a chamber and helé in a slightly
stretched and/or flat position. Having the material stretched or
flattened ensures that metal will evenly cover exposed surfaces. Mstal is
then deposited on the organic fibrous material. Such deposition may be

0 performed in a number of manners, including plating, sputtering,
evaporation, or chemical vapor deposition. If desired or necessary by the
process, the organic fibrous materizl may ke turned cver and more metal
depositecd. For instance, if sputtering is used, metal will usually be
deposited only on cne surface of the fabric. While the fabric may be used

35 in this format, more metal will generally be added on the other side of
the fabric to increase the current-carrying capabilities of the fabric.
Rlternatively, the fabric may be sputtered on both sides simultanecusly
using a roll- to-roll format. After sputtering cr chemical vapor

deposition, even more metal may be added to the fabric by means of



it is also preferred that the wire dianeter be | arge enough to carry the .

expected current for the application. Metal |avers of non-woven sm}lj oy fmp

C 1 2003 \(%POOI 65889 21 5 10 15 20 25 35 wires may al so be used as a '
f

mat eri al %88?85%s power and ground planes. In addition, woven fabric
sheets or randcm paper fabric sheets should also undergo an over-plating
process to better electrically connect Ae wires at each intersection.
This will ensure better conductivity between the individual "fibers."
These conductive sheets of nmetal wires may be used to nake a power/ground
core si ncbaferitQopanel Agimundriter d@M A on3P et W350. 1 nAddist i vRabkMenany of
the previously discl king these_ .cares and integrating
theminto a i éﬁ/ E%C%ﬁrggqgggfﬁ%ﬁqgﬁﬁ .br ﬁ%ﬁ%ﬁf‘? ISHQF Olatngfr i zed fibrous
material suitable for use as a power or ground plane in PCBs is

net al - coat ed @hgaNicemed heks Surhadsizebi idusrarstal RERIKMBLSLELCPS) (for
e%<arrpl e, aram (;lb ns%(gg sp%aDuxl?é)rLts; yECTEAN, made/ bé I—%echst-, Cel anse), and
ot her fabBPies FIke 566t ers “SEBPECTRA ] ihPRF T/ §X8UHbISPEE e tde by

Al lied Spyrral/prowrd cays G0 . AAZdm o &r3@ - otAditi@R 1y besmy af ether efeeripedlydue to
their | o £orkthGiRAbSs Ghor td@MTBnA%PaRSIs0Md WhE ef- Wikl Bendiscussed

bel ow) alr:]dB h%r nmal bstabifl it A Pol yester is also a preferred fiber because
it is a nonotil Bedt {THOTY woven state) and is |ess susceptible to
handl i ng damage- These materials may be purchased in woven and random

paper fabricsan¥idrep SR rad R85 RBIAN CuE iRkeUS ITRLEELRAlS FfBYisPE s &
purchased as coated nmet al -coated organic fibrous- material suitable

fabri c, d a .
for use B¥4 °5o%é’t’m6rpaldf’8u’r{tl PSPafE FEYS Bé B0 fatedhy2tire FH9%6wi ng
steps. Restuset trxrbopr fideircodrielyr besr mat erveal Latgipl avkdsi Mo atclhawber and

hel d in Reshiigbiddon St n@kchad ransy Qechi ah POSI LLofes Ha¥ipg LLhg, Jrat 1.4l
stretched or flattened ensures that netal will evenly cover exposed

sur f aces > VBEaf TSt h SR QHEEPR 4 °6R 178 6r g&ﬁFﬁr’Tﬁtﬁgﬁﬂé MaEEr MaY .Pesuch
teposi t i sparayedeentperdrbrnetiben rrmuaheérchef carrnefideri petudovegn phat i ng,

sputterifghen 6YaROEat| Okariin ¢RI ¢al MARBIHICRPSIddyORcalda 83 WeaOkna
materi.al may be turned over

necessareylrl%)édt hgo progcess, th organtc fibrous \
and nor € ECAr “UEPosTTEd® FOr i HEFahRe 2P -ReBuPt e15%g™? &°8¥ed netal will
usual | y ¥gatively flat fabric. In addition, carbon fiber may be bought in a
random paper sheet.
20
Once formed into a metallized fibrous sheet, these porous,
conductive sheets made of metallized carbon fiber may be used to make a
power/ground core similar to power/ground core 300, 320, or 350.
Additionally, any of the previocusly discussed methods for making these

25 cores and integrating them into a PCB/LCC may be performed.

Another preferred embodiment that is fibrous is metallized glass
fibers. As with carbon fiker, glass may be bought as individual fiber
varn or as sheets of woven fiber. The individual strands may be

30 metallized and then woven into fabric, or the woven sheets of fiber may be
metailized. Currently, these fibers cannot be purchased with metal
coatings. To create a metal coated fiber or fabric, the methods
previously described may be used to create fibers cocated with metal, or
woven fabrics coated with metal. In addition, glass fiber sheets may be

35 purchased that are in random paper format. These sheetrs can he

metallized using the previously discussed methods of metal deposition.

Once formed into & metallized fibrous sheet, these porous,

conductive sheets made o metaliized glass fibers may be used tc make a

40 power/ground core similar to power/ground core 300, 320, cr 350.



. deposited only or one surface of the fabric. Wile the fabric may be used
inthis format, nore metal will generally be added on the other side_of
t he fabrwz)tm)ﬂdg@g:rease the current-carrying capabilities of the f abk 5 OCT 2003
Alternatively, the fabric my be sputtered on both sides sinmultaneously
using a roll- to-roll format. After spugtering or chem cal vapor
deposition, even nore netal nmay be added to the fabric by neans of 1 3 OCT
1003 WD 00/65889 22 5 10 15 20 25 conventional plating. This additional
metal will increase the current carrying capacity of the metal fabric
power / gP@tirtd opt Hites 2P REe RO PAEE THFLY & SreEHid MEelPIsi froqek&teétess hese
por ous, cofNdHEtintegshigel sty ihe uSede tracnmd¢e ba poieshgi.ound core siml ar
to power/ground core 300, 320, or 350. Additionally, any of the previously
di scussed net hods for making these cores and integrating theminto a
PCB/ LCC may Be genfdriredotshebhersopeef Brrced mreeatdliszeged iasrerrernereri al

sui t abl g4k Hﬁﬁ)e%s na th@oggsxeerseae ﬂf&ﬁﬂﬂor@'&@-é@ Haﬂe%SCQéfﬂa@@nd Sf

net al -coated_carb use c COne v
b R R e hRes) et A et Rt PR FRRET AR EeRIS PBotn
st at es. phr/phstEneeéanarEeal lowgrytiye d@tm:lglt?'@j o6n¥EPsc ar Hemifatyay Chabri c.

Al ternagivglys MR My sbes depasited: ogwnmnbm kbbetecyardy and the
carbon fiber yarn woven into cloth or. fabrj cad%a%_L on fiber may be bought

al r eadyPEOECEI WA MR T T 8T &6 1%or nY °R- 1. “Fhis tow can then
1be usedptwerwgavendaplamisahaveelophéd aienéa;tm that| pradditiivey ipardrendfnder may

be boughf,i:R.a; .4 RIOsY-RAPEr 13hesl: rOMGE alPdiREND Hi@nas et al |1 zed fibrous
sheet, these porous, conductive sheets made of netallized carbon fiber may

be used to make a power/ground core simlar to power/ground core 300, 320,
or 350. Addittionghl yspranyraf btée npialy custyssgiseussednamel hogsibor maki ng

these gor8s anckd Rkedraat iNgnthem LAt o a.PCR/ lEQQt r@s ureer&:%rreg | 30 35

40 Anot her preferred embodinent that is fibro mféa i zed gI ass
15 deposit copper may also be used to deposit 51 ver, go alumipnum; tin,

etc. In addition, even if copper is used as the base metal for
metaliization, additiconal amounts of other metals may be added at certain
processing steps. For instance, some manufacturers will add small amounts
of gold during processing to enhance the conductivity of base connections.
20
Thus, the preferred embodiments create porous, conductive matezials
that may be used as ground and power planes in PCBs. These materials
should reduce common PCB problems such as delamination and catheodic/ancdic
filament growth that zre caused by water and/cr other solvents. The
25 reduction in these problems should reduce PCB defects and increase PCB
reliability. This is particulary true for chip carriers, which must have

more --gOIDUS moisture resistance.

Power and ground planes that are used in Printed Circuit Boards

30 {PCEs) and that comprise porous, conductive materizls are disclesed.
Using perous power and ground plane materials in PCEs allows ligquids
{e.g., water and/or other sclvents) to pass through the pewer and ground
planes, thus decreasing failures in PCBs (or PCBs used as laminate chip
carriers) caused by cathodic/anodic filament crowth and delemination cf

35 insulators. Porous concductive materials suitable for use in PCBs may be
formed by using metzl-ccated organic cloths (such as polyester or liguid
crystal polymers) or fabrics (such as those made from carbon/graphite or
glass fibers}), using metal wire mesh insread of metal sheets, using
sintered metal, or meking metal sheets porous by forming an array of holes

40 in the metal sheets. Fabrics and mesh may be woven or random. If an



firbers. As with carbon fiber, glass may be bought as individual fiber yarn
_or as sheets of woven fiber. The individual strands may be netallized and
“then wovePTYFabric, or the woven sheets of fiber may be netaj §ip£ed
Currently, these fibers cannot be purchased with netal coatings. To create
a netal coated fiber or fabric, the nethog§ previ ously descri bed may be
used to create fibers coated with netal, ofr woven fabrics coated with
nmetal. In addition, glass fiber sheets may be purchased that are in random
paper format. These sheets can be netallized using the previously

di scussedsFRihedshdifesniE atofRROSHtd @RtaDNORet Orsted dMtG-ray Ml albel Z86hed
fibrous sheet, tggﬁg.gorpua, conductive sheets na%g of metallized glass
fibers may* e Bsdt 10 Rk S povet SGrBUnd -Rore EFRTEFS: BSBENWSFP T thingal
core 300,p30ssenb350etMEAHD0/ 65889 23 5 10 15 20 25 30 35 40 Additionally,
any of the previously discussed nethods for making these cores and
integrating theminto a PCB/LCC may be perfornmed. 13 OCT 2003 It shoul d be
ndted that sone fibrous nmaterials used as power and ground planes in-the
present invention also have | ow Coefficient of Thernmal Expansions (CTEs).
A low coefficient of thermal expansion for the power/ground plane can

| oner the "total" CTE of PCBs or Lamnated Chip Carriers {LCC) This has
the benefit, particularly for LCCs, of preventing attached chips from
cracking. In addition, |ow CTE power/ground planes have other benefits
that are outlined in copending application EN9-98-010, "LOW CTE PONER AND
GROUND PLANES. " Al though copper has been mainly discussed as the
nmetallization netal, those skilled in the art will realize that techniques
used to deposit copper nmay al'so be used to deposit silver, gold, alum num
ti'n, etc. in addition, even if copper is used as the base netal for

netal lization, additional anobunts of other netals nmay be added at certain
processi ng steps. For instance, sonme manufacturers will add small anmounts
of gold during processing to enhance the conductivity of base connections.
Thus, the preferred enbodi nents create porous, conductive materials

e



that may be used as ground and power plangs in PCBs. These nmaterials

. shoul d reduce common PCB probl ens such as del am nati on and cat hodi c/ an&d ﬁ
“filament growh that are caused by water and/or other solvents. Thd 30 03
reduction in these problens should reduce PCB defects and increase PCB
reliability. This is particulary true for chip carriers, which nust have
nore rigorous noisture resistance. Power and ground planes that are used in
Printed Circuit Boards (PCBs) and that cofiprise porous, conductive
materials are disclosed. Using porous power and ground plane materials in
PCBs allows liquids (e.g., water and/or other solvents) to pass through

t he power and ground planes, thus decreagisg failures in PCBs (or PCBs
used as lamnate chip carriers) caused by cathodic/anodic filanment growth
and del ami nation of insulators. Porous conductive materials suitable for
use i n PCBS 'may DEP “FHf HEteByCcarsi FRF Hee aln pointed orgamt toekdt hshesuch as
pol yest er opwerlphictndceorst abmpakysmer s) or fabrics (such as those made from
carbon/ graphite or glass fi bers) using nmetal wire mesh instead of netal

sheets, using sj ntlersetd OEEt v maki ng netal sheets porous by form ng an
array of holes 9 2 §ﬁe%§ S EABAF T T an P AtEshitiray L 3w nase erelon

random Ifa%?PEﬂB@SB@GZ le§5‘-'()°€'918°29@3= :24nd@array of holes is fornmed in a
nmetal sheet, such an array my be forned wi th no additional proce55| ng

steps than are gerigg;gegngsia met.hods
O U 7003 25 QLALMS 2. A poue zgggx HePly el ASSE mrgui‘%t Shegrr g peat
boards, the power?%roun ¢ore Gﬁﬁ??’?llﬁgp"rat’slté’aﬁ’*%ﬁé teppsr ovg Sotperc to
| ani nat e, S4Fef PHEEA™Paki Pheed rathedi paerkise it lamenntsHostls tefdmes sol vent :  and
at | east one | ayer of conductive netal sheet, the conductive nmetal sheet

bei ng mai g ai negns Wehiee ) §uh i 0, il ;l.east sol vent tc
reduce delcq:rgdgg[._i_pg %ng ¥ tehgd%a?\%(ﬁlg Tf§|q f’ghrr‘t%tﬁt}'l ‘Fe%vw gnle ; ects, 127oTIRE
fcraimi §f‘ TS ‘o"ﬁe“‘f%ffersh%“'ft EBRdRfCt | ve

power / grog core erern
met al , P2 s P A 5 1S fb?“c&ﬁ’ﬁﬂi@t‘“-?v’é’-’ A8t srdyhehad Pedneeptthe ggstlamees

| ayer of fifhepPrfughinateeysdi pkpesandwi ched between the two | ayers of
conductive netal sheet. 3. The power/ground core of claim1l wherein the at

| east (JneaLayerTHQ:power/ground core of claim 1 wherein the at least one layer of
fiber laminate is two layers of fiber laminate, the at least cne laver of
conducrive metal sheet be;ng sandwiched between the two lavers of fiber
laminate.

4. The power/ground core of claim 1 wherein the at least cne laver of
fiber laminate is non-conductive.

5. The power/ground core of claim 1 wherein the at least cne layer of
\ fiber laminate is conductive.

6. The pewer/ground core of claim 1 wherein the conductive metal sheet
comprises metal sheer having a plurality of dxilled holes, the drilled
holes being spaced and sized ro provide the poresity.

7. The power/ground core cof claim é wherein the drilled holes azxe
spaced no greater than 0.05 inches {(0.0013 m) apart.

5. , The power/ground core of claim & wherein the drilled heles are at
least 0.001 inch in diameter but less than 0.01¢0 inch (0.00025 m) in
diameter.

S. The power/ground core of claim 8 wherein each hole is about 0.002

inch (0.0000f m) in diameter.



fiber lamnate is two |ayers of fiber |amsnate, the at |east one |ayer of

. conductive netal sheet being sandw ched between the two | ayers of figﬁrszj
| am nate. 4. The power/ground core of claiml wherein the at | east g

| ayer of fiber am nate is non-conductive. 5. The power/ground core of
claim1 wherein the at | east one layer of fiber lamnate is conductive. 6_
The power/ground core of claim1l wherein t?g conductive netal sheet

conprises netal sheet having a plurality of drilled holes, the drilled

hol es bei ng spaced and sized to provide the porosity. 7. The power/ground
core of clggn16ﬁ$Perein the drilled holes are spaced no greater than 0.05
i nches (0.6013 eapaver/sFowihecpO W £gs QR clLaim 6. wherein the
drilled hokesprisesabinde®adtndbz901 i nch in di afcrf":e%tE g? Bt L‘?ﬂe"{s@s?‘i‘ﬁ“aﬁ‘eéébl%wieﬁch
(0.00025 m) in dianeter 9. The tower/ground core of claim8 wherein each
hole is about 0.002 inch (0.00005 m in dianeter. i 26 1 3 0 C T 2003 10.
The power / bt ound®8 RYeSY SEPBIOnFar ankrér @i aimt hevheoadilehi Ve ReLa ahegt

conpri ses Hhareledimeieals delecddie fE&M\&He%;QJﬁBdC&%E%tQJ cl al m.f WherEn®t he
at |east iemaayeriddf c-fidet Lamnat eaniag sel ected from CRAEHBLP &nsPeri ng
essenti.al IE;&%IE gfa?i&, bi.smal €1 Nt de Y riazi e EpdRyYinidanat e ester, .
pol yi mi de,” Bof Vi erraf PECOERhPERR «( PPLytetpafinoebeaiiiuns oakhy! ene, and
quoropolfﬁﬁPF°33iymFﬁe power/ground core of claiml wherein the at | east
one solvent is water. 13. Aprinted circuit board (PCB), the PCB

conpri singz.at hgast.. i | _core, . each signal core conprising at |east
one signgL.layer gnd%zlgg%{s]tac oggeﬁle%/%‘r’“ of Y1995&1 thenirpaleast agvk @oclvent is
power/ground core-as clained in claiml. 14. A nethod for nmaking a printed
circuit board (PCB), the nethod conprising the steps of: .a) providing at
| east one*power grinmed phandcCosgal $Hd¥) ,aind @@§tcog§giﬂjna_er of conductive
nmetal sheet and at | east one layer of fiber |amnate, " said fiber |amnate
bei ng absor bentt st. 0 solvent; b) formng a plurality of

openi ngs j.n the a%al%%aé]?@gﬁgn%gvﬁ@ﬁgre(?ﬁho‘“sﬁﬁhrfera comprising at least one

layer and at least one layer of fiber lamirate; and

a4 power/ground corxe as claimed in claim 2

14. i i '
A method for making a printed circuit board (PCR) , the method

comprising the steps of:

.a) providing at least one Power/ground plane comprising at least cne
layer of conductive metal sheet and at least ope layer of fiber

laminate, said fiber laminate being absorbent to at least cne solvent :

b) forming a Pluralicy of openings in the at least o

ne
e rower/ground

c ° ) - -
) forming a composite with the at least one power/cround plane and at
l=ast cne signal layer:;

F-4 : -4 |
d) forming a Plurality of cpenings in the composite; and

e) forming a pPlurality of plated through holes in the compecsite:

wherei i i
€in the conductive metal sheet is maintained sufficiently perous

te sazid s
&t least one sclvent to reduce delaminatiocn and cathodic/anodic

filament growth effécts.



~c)y formng a conposite with the at | east ane power/ground plane and at

.l east one signal layer; d) formng a plurality of openings in the
“conposite; and e) formng a plurality of plated through holes in t He3 0CT 2003
conposite; wherein the conductive nmetal sheet is maintained sufficiently
porous to said at |east one solvent to reduce del am nation and
cathodic/anodic filanment growh effects. i 130CT2003 27 15. The net hod of
claim 14 wherein the at |east one |ayer of fiber |aminate of the
power/ground core is selected fromthe group consisting essentially of
epoxy, bisnaleimde triazine epoxy, cyanate ester, polyimde,

ol yt etraf lagor oefhy heR8§ REFBR a: l.yar ene nd )
poly 1 11 & Blaidoek yhettaf rtlill.g Q?HQXL NS laatyegnoef |fé§8¥ of

fl uoropol yner._16. _The, nethod,claim 14 wherein the at Teas

conduct i vqurrnré?%?e sq;%eg?ei%ow ﬁégﬁc’&?g]r%"r(?f 13 GTdect e STRBRtcCoRgRRting
wher ei n t h&ésseriplaldgy PRy, Pizoakeimgde und aeine eponpr tseatsasdai-chi ng t he
at’ | east opelyimyer, pblfddnearludabedydehet Waen) ! Be1 4R -LANRLS.8f100L 0US
conducti vesiptaloo1$R8et - 17. The nmethod of claim 14 wherein the step o
sandwi ching the at "I east one layer of fiber |am nate between the two

| ayers of conductive nmetal sheet conprises the steps of encapsul ating the
at | east oh&- | ayée pfchashAtRict Lvesbreedh tHecet loystiShBHRxi HILEEREH 190
process, anskdlaxhBatig cwbheyens afrsubasad 1condycyi L_Wi,th

rel ease shegets, . QunLoughened. Gopper foil .18 Th%?%?ﬂg?gf%‘%}?ﬂff step
wherein the at | east. one |ayer of f1ber e ran nare 8 rhG e 3fel&28t Frber

| ami nate, AT wREr etiF% ém’é’%‘/ﬁéﬁ REEWESP ey tva 1389k P§reRneds comducing mgesl
sandwi chi rigfaefe at | east one | ayer of conductive netal sheet between the
two |ayers of fiber lam nate. 19. The nmethod of claim 14 wherein the at

| east one jayerrpf 4488 o ] LS., aon-conductiye. 20, .The met hod_of
claim 14 wherein the at,| eéqgtm.‘ %ﬁt&‘gl l'ééeerre(?lf)’fﬁ?&l Bgerp °¥asman§§f‘éh’1n§ EShATct .
21. The method ot ¢l ai m L4 FUFIHEr PROMSPI Erh§¥e Hevete pfofondyativry mehal
conduct i vERRET af RFEEL s Wiish shersal!f gapFhinting i of lehab mnkdldwdt ber
conpri si ngorhecsiep met apattket rivngs iy addhgsiegia o BYidcBs 208 i@l {12
conduct | venepalaysiaates 2hnelha-araliad ohedt! alim 20y 0 Sld)Lhe, adieslon,

pronoti ng BEPCESK,shS @ copper oxide treatment or a silane treatne
The nethod of claim 14 wherein the conductive netal sheet conprises

18. The method of claim 14 wherein the at least one layer of fiber
laminate is two layers of fiber laminate, and wherein the step of forming
a power/ground core comprises sandwiching the at le=ast cne layer of
conductive metal sheet between the two layers of fiber laminate.

15. The method of claim 14 wherein the at least one layer of fiberx
laminate is non-conductive.

20. The method of claim 14 wherein the at least cne laver of fiber
laminate is conductive.

21. The method of claim 14 further cemprising the step of coating the
conductive metal sheet with metal.

2, The methed cf elaim 14 furthex comprising the step of performing an

adhesion promoting process en the conductive metal sheet.

z3. The methed of claim 22 wherein the adhesion promoting process is a
copper oxide treatment or a silane treatment.

24 . The method of claim 14 wherein the conductive metai sheet ccmprises

sintexed metal.



sikntered nmetal. 1 3 001 2003 28 25. A nethod for making a printed circuit

. board (PCB) as clained in claim14, the nmethod further conpri si ng\ 3?§1§§ﬂgp
“of; creating a plurality of drilled holes in the at | east one neta eet,
the drilled holes being spaced and sized to provide sufficient porosity to
at |least one solvent to reduce del am nati on and cat hodi ¢/ anodic fil anent
grom h effects; 26. The nethod of claim 2% wherein the drilled holes are
spaced no greater than 0.05 inches (0.0013 m apart. 27_ The method of
claim25 wherein the drilled holes are at least 0.001 inch in diameter but
| ess than 0.010 inch (0.00025 m in diameter. 28. The nmethod of claim 27
wherein each hole is about 0.002 inch (0.00005 nm) in dianeter. 29. The

nmet hod of z£3d.ai Maldevrbar Bdmnmbkingah peastd oriecsid bomtd i(sCHAta@r claimed in

claim 14, the method further comprising the step of:

creating a plurality of drilled hecles in the at least ocne metal sheet, the
drilled holes being spaced and sized to provide zufficient porosity to at
least one scolvent to reduce delaminaticn and catheodic/ancdic f£ilament

growth effects;

26. The methed of claim 25 wherein the drilled holes are spaced no
greater than 0.05 inches (0.0013 m) apart.

27. The method of claim 25 wherein the drilled heoles are at least 0.001
inch in diameter but less than 0.010 inch (0.00025 m) in diameter.

28. The method ¢f claim 27 wherein each heole is about 0.002 inch

(0.0000E m) in diameter.

29. The method of claim 14 wherein the at least one sclvent is watex.



