,e3ev&$ ! <$L$0&6f &T&Fr E 2 9 AP R 2003 1 LOW CTE POAER AND GROUND PLANES
BACKGROUND OF THE | NVENTI ON 1. TECHNI CAL FI ELD The present invention
rel ates generally to the field of conputer manufacturing and nore
specifically to reducing the coefficient of ther si on of boards
used in conputers. ' 2. BACKGROUND ART Corrput %R éﬁ@l ar electronic
equi pnent have becone ubi quitous el emegts in the lives of people. Many
busi nesses, banks, and geA§TOTEHGWER X GOOPNIFEPE ANES t hei r everyday
activities. A Iarge portion of the global comunity require that conputers
be reliable, stable facets of their econom c, societal, and communi cation
foundations. Conputers today are required to run Ionger, with esy”
down-tinme, than at any tine in the past. 2 9 AP R 2003 cau
conputers are so necessary there has been an increased enp &ﬁmwmwwﬂmmguter
designers on reliability Many system today cannot tol erate
down tinme necessary to replace failed conponents that make up t he conputer
system |f each conponent is designed to |ast |onger and b
t hen each conputer, which is nmade excl usively of conponents
| onger and be nore reliable. This enphasis on reliability o has
been applied to Printed Circuit Boards (PCBs). Most conponents*P WE
conput er system are desi gned by placing sem conductor packages, contai ning
a sem conductor chip, onto a PCB or by placing chips directly onto
Laninated Chip Carriers (LCCs) and connecting the LCCs to the PCB. PCBs are
called "printed" because circuit runs or lines of copper are placed on the
boards using techni ques tFACREGROGNYOIATHE BYWNJJB&) the newsprint
process. These circuit |lines connect the sem conductor packages or chips
together. PCBs can be as sinple as an insulator that has lines printed on
one or bot h1 STEFHRNHAP EIEILDNOr e packages attached to one or both sides.
PCBs are generally nore conpl ex, however, and are usually made of
. conductive, netal power and ground planes and several signal planes

cont ai ni ng circu%gﬁlines sandw c ers of insulator,

bet |
T h ot Al F S orhe hleSeR iR EROh E16iEs BRI o DIl pF SIS UR DAk TENg o

Top and bot r
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manner haveirbeogers.he standard in el ectronics.

2. BACKGROUND ART

Computers and similar electronic equipment have become ubiquitous
elements in the lives of people. Many businesses, banks, and governments rely on
computers for their everyday activities. A large portion of the global community
require that computers be reliable, stable facets of their economic, societal, and
communication foundations. Computers today are required to run longer, with less

down-time, than at any time in the past.



Advapnces in manufacturing nethods have nade PCBs relatively inexpensive yet
“their sinplicity makes themreliable. There are, however, problens
associated with PCBs. 2 g AP R 2003 3 One of the causes of some of these
problens is the coefficient of thermal expangion P or the overall PCB
and the individual |ayers. Many PCBs and espiéﬁdA $¥ , Which are
general ly conposed of organics, need t» have a |ower CTE that is better

mat ched to the (Fdcaode dogputdrt bR nebéggary VWheRk Hak Yeditarl idcfeasidGenphasis GYE of
the PCB, a variety of dielectrics with [ower CTEs are avail abl'e. However,

t he ef f ect ioperess dosiguss agrallabduy | dlwey seEms taslap cariot $olerstel therextendddecause
t he power %Pd %round pl anes, ggi?h %%nstitute,a si gni fi cant Eortion of the
PCB, are stiI" UBAPEESH DI EBEHR FAIlEESEPRPNHAS A MARSYR (eIcPMPpUERR SKsfem-
conpared w r I8 rq j The,relatively
hi gh CTE o#¥gﬁﬁggﬁFgﬁﬁghﬁ?%ﬁﬂgﬁégﬁgtghcgggﬁéFﬁngﬁga%ﬁgiﬁfﬁﬁgﬁénsi|e nmodul us
of copper agmputer/whichad made évofdsiedpOSirhoneits, #ill lakthengeand bomdCC.  The
hi gh CTE power and ground pl anes cause the overall CTE of the PCB to be
sinilar to®WDIETE of these metal planes. Because the overall CTE is fairly
high, the PCB or LCC itself tends to | engthen and grow in size with

i ncreasing tenperature. This increase in size neans that the chips,
packages, |ines,TROEmBhAY orRYiLEIES SfcdnRnents haChenAbplifteioRrBit&l Clrbli; need
to expand at the sane rate or be dble to tolerate the stress caused by the
m smat ch i Beirde(PCRsieMaseson resatsde aicoapur syduen etestssigned by pasingct i ons

bet ween then1ca%20t w thstand the stress, particuylarly after repeated

t enper at ur SCRYANAHEGOT RACKARSSEIUABING A5eBIPNAPSIOT PPy qptya PEEReY Ba¢iBE | CCs.

The chip i s.6 g#g@
Control | edscggﬁ {Hg%ggf gﬁgog“@ﬁ%tggﬁhﬁﬁgg#% &r@fz aﬁ@l&&%ct ngédg%#etgg lé%l to a
PCB, gener &tCH. POBsughcdiial I‘pgited” Bedaayscircur rgnsAit 1Re§0DSoppef M&Htdcedon
encapsul ati on and/ or, undercoating is placed under and around the chip to
. protect thehehpgdenipg teshnipeessthajevere priginally sinilarde theglemsprintaxesassi vel y of
ceram Ccs, i have. |l CrT W hi rriers. nat p nmuch
tross on  HSSEARUR LRI e i hREPL DR B o B Bodblien”PFEEE BT
Currently, Howewsple ak anintalaforthiteak dinss pried6h B HSRSh 8leSMdloradrT i ers.
Lam nate materials have higher CTEs, as expl ai ned above, and put nore
'stress on dhoispackamaesitachied to enreoritod) sides. dtEBmare geyeralbeouseorapleps are
primarily de of crystalline silico which iis easily fragctured, this
Stress can WrtaveEr o7 A Grali Redeal coidhett Bt BovErardappi e SR s rat ch
Wi Il cause dhgapsigRiTBlads Bafriags dRuiaines Sirtiividhad bheiwdeh Qe v d1987ero6f t he
chip, possibly cracking the chip. In addition, the netal |ayers comonly
used i n PCBnswaof,adthumetaylinesendmadsonithgiep agiBettarn awrfansrmd thef sapdwidhow CTE

dielectric Because of the differences i.n CTEs a tenmperature increase wll
Cause. t he. nEUETG BUOBGIMAROGR ars CPRUEER ¥ih ShohRATF CHo T B HLEHIt ST, s

di fference fn S¥paRstQ AR eshPG$t resses on the dielectrics, which can
| ead to cracking o? tﬂgtdﬁglecfﬁkc né erials. Cracking of dielectrics can
cause opens because lines can be pulled apart. Another effect caused by the

CTE differential is shear induced debondi ng, where the dielectric is torn
fromthe power/ gPolhmage dhibis mapreshaysbrroBE thearlirt i ER4E®iBat es t he
CTE- caused i i t dsbe ool LGl :
essentialIy&agﬁ%%?gﬁgaﬁg%%%ﬁg§%%ﬁ$§%ﬁ%ggﬁgﬁ to ¥ﬁ%ﬂﬂgb§kﬁﬁ%ﬁggag§T6?gund
pl anes. Thesipplitigaiaketheihelidebondedaral gavdver, phebledesssociarteaticRCBe a
metallic plane and tends to nove with netallic plane as the netallic pane
| engthens with increasing tenperature. Cracking then can - s - 29 APR
2003 devel op around the periphery as the periphery noves away fromthe
debonded dielectric. Wile |ow CTE nmetal s such as invar, stainless steel
and nol ybdenum have



 been, used to construct |ower CTE power planes for PCBs and LCCs use of
these alternative netals can create a variety of manufacturing
conplications. These conplications include galvanic activity and corrosion,

nufti-step etching, and conplicated waste treat(g&%.ﬁref ore, without a
way to limt failures and fractures caused @/9 i ences between

dielectrics and power/ground | ayers angl the overall relatively high CTE in

PCBs and L@ss oREB3a@aslof {dnse f thbseGRObIEMYEs the chEFiient dY tBERIal BYFHISTS Of
failures and reliability problens. DI SCLOSURE OF | NVENTI ON According to a

first aspedCIdd) fomideioneraHtR(dhanchibeendisidpaldeyaed a power/ ground core for use
iin printed circuit boards, the power/ground core conprising: at |east one
| ayer of fiber lamnate; and at |east one | ayer of conductive material, the

conductive mat ery , i iy G , j ). that is
| ower than the é!@“o @gs%g%gseé&%{“g%’g@g%ﬁ%%gg{;r[r\@%lh'g %ilg§%cf8§(§1rgl§)85r1‘ducti ve
materi al i sekésshiveaniovePEVEGhatAe bottatinigcticd t8 t1aCTP df aretdonehip. "®hen
invention there is provided gféower/ground core for use in printed circuit

boar ds, t hdryosts regresihd (dy of okph, siviagety ad diedeptricsovich loaxee CIdEs af¢ ber
| am nate; and..at |east one |ayer of conductjve material, the conductive
mat eri al haf\)'laHéjlfér g@@lﬁ/ ?rcﬁ’f?r#%fi{“.’e(nﬁ%sr HS'WB%PM?‘SW éﬁéﬁel?cltfé(fs 7 gn}lmer_ t han
the CTE of RcaQRRES pRWa@NRd QRIS N@hRE chRFRlte 2RI RARI p&Hioh bPAE | am nate
i s conductive, and whereinthe

PCB, are still composed of copper. Copper has a relatively high CTE compared with

some of the lower CTE dielectric materials. The relatively high CTE of copper, the

high amount of copper, and the high tensile modulus of copper act to maintain a high

composite CTE for the board or LCC.

The high CTE power and ground planes cause the overall CTE of the PCB to
be similar to the CTE of these metal planes. Because the overall CTE is fairly high,
the PCB or LCC itself tends to lengthen and grow in size with increasing temperature.
This increase in size means that the chips, packages, lines, and other devices on the
surfaces of the PCB or LCC need to expand at the same rate or be able to tolerate the
stress caused by the mismatch in size. Sometimes these devices or the electrical
connections between them cannot withstand the stress, particularly after repeated

temperature cycling.

These stresses are particularly deleterious for LCCs. The chip is connected to
the LCC through small solder bumps called Controlled Collapse Chip Connections
(C4). The LCC is then connected to a PCB, generally through ball grid arrays



CTE of the conductive material is less than 5 PPM C. According to a further
aspect of the invention there is provided a power/ground core for use in
printed circuit boards, the power/ground core conprising: at |east one

| ayer of fiber |amnate; and - sa- 2g9g AP R MO3 .3t |east one |ayer of
conductive material, the conductive materi %[ghA‘P Q&O oefficient of
thermal expansion (CTE) that is | ower ghan e CTE of a copper plane,

wher ei n t heBGARBAULE LN ERLSESA SQRES ; 0 aphite
sheet, and@v\her}eji nﬁt%epcgm'i'E@%q‘ﬁidﬁe coﬁlgggtﬁg\?é%?jéﬁ%?qug{ogggtﬁcallﬁrs5 PPM C.

Accor di ng toopratecuthehérp aspect of the invention there is provided a
power/ground core for use in printed circuit boards, the power/ground core
conprising: at least one |ayer of fiber lamnate; and at |east one | ayer of

conducti ve mat epi.al .he conductiyv erial having a.coefficient of
thermal expansi g#?p( _@ﬂ%}’ tHAY 8 rieglqug&narpn%{el‘?gﬂg?tﬁéa&fr\:‘glé"f()fﬁeré%(ﬁfe?V%bq ane,
wher ei n t hgaaBAUCTEY ELARICATE &ip eAMREd &Ritot PRicakhs ARk 8FekioRNRLsHipat er i al
woven into a fabric or forned into random paper fabric, and wherein the CTE
of the because the ceramic layers do not expand that much. Currently, however, laminate

materials are being used as chip carriers. Laminate materials have higher CTEs, as

explained above, and put more stress on chips connected to the LCC, Unfortunately,

because chips are primarily made of crystalline silicon, which is easily fractured, this

stress can either fracture the C4 connections or the chip/LCC CTE mismatch will

cause the assembled package to warp putting tensile stress on the chip, possibly

cracking the chip.

In addition, the metal layers commonly used in PCB manufacturing have
much higher CTEs than some of the low CTE dielectrics. Because of the differences
in CTEs, a temperature increase will cause the metal to lengthen at a faster rate than
the dielectrics. This difference in expansion can put high stresses on the dielectrics,
which can lead to cracking of the dielectric materials. Cracking of dielectrics can
cause opens because lines can be pulled apart. Another effect caused by the CTE
differential is shear induced debonding, where the dielectric is torn from the
power/ground planes. Shear induced debonding exacerbates the CTE-caused
cracking mechanisms because the debonded dielectric is essentially “floating” and is
not connected to the metallic power/ground planes. The periphery of the debonded
area is, however, connected to a metallic plane and tends to move with metallic plane

as the metallic pane lengthens with increasing temperature. Cracking then can



conductive material is less than 5 PPM C. According to a further aspect of
the invention there is provided a printed circuit board (PCB), the PCB
conprising: at |east one signal core, each signal core conprising at |east
one signal layer and at |east one |ayer of fiber |lam nate; and at |east one
power/ground core conprising: at |east_gne Iagg Afp,gl | am nat e; and at
| east one | ayer of conductive material” the c ucti erial having a
coefficient,of thermal ,.expansion E) that is |ower than the E pof a
copper bl ariEvelsR AT 4% BRREY 48 JoF RAEPREY cRP YR ST b e P at oo
fibrous matgglestkicwoven into a fabric or forned into random paper fabric,
and wherein the CTE of the conductive material is less than 5 PPM C.
According to a fWhiladewdSHemetal$ sudieasi invasnstainiess istgeke and molyhdenua kaver i nt ed

circuit board (P t he PCB co I sing: .at |ea ne .si ghral caor, each

ci gnal *cor SEBMERT 4 RyERC aE TR PePY:aifhes GEPCR PP CES et B dheskycr of
fiber |am naepiatidddnatals €S treafte a PAMREY OF GHALIEBirheC 0FMpiisdtides. aThéseast one
| ayer of fiber lam nate; and at |east one |ayer of conductive material, the

conduci ve reemplicationsainchiglea galyaie i aotivity @1d chepsion, SubinstepoptchioBe)andhat i s
| ower than the r. plane, wherein the CTE of the conductive
material i chnyé@&%ﬁg%s% t%%ﬁﬁ%‘.t'

Therefore, without a way to limit failures and fractures caused by CTE

differences between dielectrics and power/ground layers and the overall relatively
high CTE in PCBs and LCCs, PCBs and LCCs will continue to have a higher

numbers of failures and reliability problems.

DISCLOSURE OF INVENTION

According to a first aspect of the invention there is provided 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
having a coefficient of thermal expansion (CTE) that is lower than the CTE of a
copper plane, and wherein the CTE of the conductive material is less than 5§ PPM/C.

According to a second aspect of the invention there is provided 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 having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,

wherein the at least one layer of fiber laminate is conductive, and wherein the
CTE of the conductive material is less than 5 PPM/C.

According to a further aspect of the invention there is provided a
power/ground core for use in printed circuit boards, the power/ground core
comprising:

at least one layer of fiber laminate; and



- sb - 29 AP R Z003 According to a further aspect of the invention there
Is provided a printed circuit board (PCB), the PCB conprising: at |east one
signal core, each signal core conprising at |east one signal |ayer and at

| east one |l ayer of fiber |am nate; and at Ieastz@ymﬂggr ound core
; d

conprising: at |east one |ayer of fiberg/l am nat east one | ayer of
= 5a- y

conductive material, the conductive material having a coefficient of

t hermal expansion (CTE) that i.s | r than.the CTE,of. a copper, plane,
wherein the conoﬂ.’ic‘%ﬁé’z’ﬁgﬁy@ i°£|COB‘83rA?§?’? §‘%?§§ tln&‘?eﬂone'il%’d'_ectﬁ?t?gﬁ lggnrt% dphite
sheet, and WaE{SM of R rdifexBhnst dH(CTH) i id R eFTHaf INACTE 1 h @Fper piined PPM C.

According to a further aspect of the’invention there is provided a nethod
for making a priwhaeincthe condudtivamibt¢rRCRpmprises ametaetlasbearbows iongraphée st eps

Cayer of conatcnunmapare GiE AHEF st nleRl i BB BT, oTE nar i s
| over than the CTE OfA@co?&{I;?ﬁ%{) aE%'tﬁffh%r YRt %mlllé 'i}ﬁfle_ﬁ;fféx ‘ﬁ]ieré he peAghichi ve

material is less than s PP ) formng a plurality of openings in the at
| east one power/ggrumdndonel fore use)inf printed geiscuito bpards,t thewippivet/ground ¢asast one
power / gr ounc%n%ln%lnn% and at

at least one layer of fiber laminate; and

at least one layer of conductive material, the conductive material having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,

wherein the conductive material comprises metal-coated fibrous material
woven into a fabric or formed into random paper fabric, and wherein the CTE of the
conductive material is less than 5 PPM/C.

According to a further aspect of the invention there is provided a

printed circuit board (PCB), the PCB comprising:

at least one signal core, each signal core comprising at least one signal layer
and at least one layer of fiber laminate; and

at least one power/ground core comprising:

at least one layer of fiber laminate; and

at least one layer of conductive material,, the conductive material having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
and wherein the conductive material comprises metal-coated fibrous material woven
into a fabric or formed into random paper fabric, and wherein the CTE of the
conductive material is less than 5 PPM/C.

According to a further aspect of the invention there is provided a printed
circuit board (PCB), the PCB comprising:

at least one signal core, each signal core comprising at least one signal layer
and at least one layer of fiber laminate; and

at least one power/ground core comprising:

at least one layer of fiber laminate; and

at least one layer of conductive material, the conducive material having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
wherein the CTE of the conductive material is less than 5 PPM/C.



| east one signal layer; d) formng a plurality of openings in the
conposite; and e) formng a plurality of plated through holes in the
conposite. Accordingly, the enbodi nents of the present invention provide
conductive materials that have | ow coefficients of ther rral expansi on (CTEs)
and that are used for power and ground sgl.anes. Zj:ge r| als (such as
carbon, graphite, glass, and liquid crystal ol rs) vmth | ow CTEs are

rretalllzedtop Vld a.res ant cond i ve ilal.with a.low. Such
fibers may be %80 |anH“ft;'?85 aneﬁtd?ﬁﬁlfu’&iverg%’é‘t el i§ prReided & lgl-ﬁgnt 0 a
fabric, or cthlaﬁﬁgoﬂﬁt(pCBzhﬁep@B Repridinged into a fabric and then netallized
or a conbl nation of both netallizations nay be used. In addition, a

graphite |ayer ratjeaseonresignal icorsd eanh Sb&i@l eoretsomprisinge least pneosizerd layerat er i al

that has a | duct | . These netallized, |ow CTE power
and ground aﬁ' &hg”% ?%Wéﬁpggerq into a conposite used for printed

circuit boards at;’eagtdﬂgl%o o@nae&%&bn%siﬁng used as lamnate chip

carriers. The preset:: invention providés conductors for use in PCBs and
LCCs that do notatirasteoneteyesobfbertrminatesiead ed with exotic, |ow CTE netal s.

The foregoi ng and ,0f r | | | be
apparent fromt hagl agpﬁg?/\??dyﬁgﬁgFggcﬁlgﬂyeg{ﬂ?%ia&l’d@gcc%h% clqglﬁ I{yt&g&lpl?ag?lgr lrled
enmbodi ment cekffichet bNikAhAlGRpariton (CTHthatiebwen tHipah@CTBGTaNyippér sladp ngs.
BRI EF DESCRI PTI ON OF DRAW NGS The preferred exenpl ary enbodj ment of the

present i nwdierein theganduetisieansigrial cpmpasesesweiabelgd Fhfbéﬁ AF graehiteshegt @ad t he
appended drv@ﬂ@r{]g‘?he E%?tﬂeééﬁd\?c‘%ﬁﬂfegxgﬁérga‘i’%sle&etﬂﬁ?PbM?é el ements, and: FIG

1 is cross-sectional Vviews round pl anes for several
enbodi nents of tAgopligg i firtheeaspeonof the invention there is provided a method for
making a printed circuit board (PCB), the method comprising the steps of:

a) providing at least one power/ground plane comprising at least one
layer of conductive material, the conductive material having a CTE that is lower than
the CTE of a copper plane, wherein the CTE of the conductive material is less than 5
PPM/C,;

b) forming a plurality of openings in the at least one power/ground
plane;

c) forming a composite with the at least one power/ground plane and at
least one signal layer;

d) forming a plurality of openings in the composite; and

€) forming a plurality of plated through holes in the composite.

Accordingly, the embodiments of the present invention provide conductive
materials that have low coefficients of thermal expansion (CTEs) and that are used
for power and ground planes. Fibrous materials (such as carbon, graphite, glass, and
liquid crystal polymers) with low CTEs are metallized to provide a resultant
conductive material with a low CTE. Such fibers may be metallized in their
individual state and then formed into a fabric, or these materials may be formed into
a fabric and then metallized or a combination of both metallizations may be used. In
addition, a graphite layer may be metallized on one or both sides to provide a
material that has a low CTE and high conductivity. These metallized, low CTE
power and ground planes may then be laminated into a composite used for printed

circuit boards



(FIG 2 is cross-sectional views of a six-layer printed circuit board and
the layers that nmake up a six-layer printed circuit board in accordance
with a preferred enbodi nent of the present invention, FIG 3 is a process
flow chart of a method for making and using a power or_ground plane in
accordance with a preferred enmbodi nent of t@QpMﬁrﬁQggventi on; and 2 g
AP R QU033 FIG 4 contains cross-sectiaual views of a six-layer printed
circuit bo I j Ha Qb A)- o i&dsr cui t
boar d.  BEST MR R A e PR R o Bl e o ment s
of the presmntuctorsedt ignnAEB cond COethhi dé hatjaoahegf-ollaas pssboredntitby
providing materials with | ow Coefficients of Thermal Expansion (CTEs) for
use in poweFoHRdoYrolB st anes. The power and ground pl anes can be formed
into cores, if desired, and will be used preferably in Printed G rcuit
Boards (PCBs) or as PCBs used for Lamnate Chip Carriers (LCCs). The
present inventi omd Rk AR SRS RGAHEsHAd 982 FEBSF (hAimRRfidn Wil p@duction to
general manufacturing techniques for PCBs will now be given, followed by

t he pref er rappaenbfidinnbe fallovng maed piticelar desBoptiaisofl aprefeced etbodialeat af
printed ci ;@ui,t board, ,Ehe starting material /is usually a sheet consisting
of fiber gl 488 INFRUKHSRYILysERIe] In1h ACCPUPIIRHARRIRES " pr epreg” because t he
fiber is inpregnated with resin during prelimnary processing. The resin
essentially acts a binder to bind fiber into a board. In place of the
fiberglass cloth, it is pBRIEF BESCRIBEFIONQFEHRAWINGE®I or other suitable
materials. The basic board is therefore a flat, rigid or lightly flexible
dielectric material that will be fabricated into the final printed circuit.

This starting erial. can be |lamnated with a thin.layer of copper or
other metals on %?Wetqrﬁgsexswplal%e %3&1816\\% ?ﬁhgBfefﬁrﬁll%veéﬁﬂ%gﬁ‘l&)ﬁ@%%qger

conbi nat i onpd &s&%ﬁdﬁﬂ'cﬁn@ﬁbﬂi&?wﬁﬁ%@&pp@h@é@l drAMn3al e OFkd desigHafibnCCLS can
ei ther becone sinple doubl e sided boards (having two sides of copper |ines)

or they canddmetedikecal¢rnémtedindnd | ani nated with additional dielectric into
mul til ayer conposites. 2 9 APR Q03 8

FIG. 1 is cross-sectional views of preferred power or ground planes for several

embodiments of the present invention;

FIG. 2 is cross-sectional views of a six-lay er printed circuit board and the
layers that make up a six-layer printed circuit board in accordance with a preferred

embodiment of the present invention;

FIG. 3 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 present invention;

and



,I'n nost cases, holes are provided through these boards (usually by
drilling) to accommopdate el ectrical connection of the various electronic
conponents that will be attached. The holes are usually drilled using high
speed drilling machines and the | ocations of t are specified in the
drawi ngs or design for the boards. In orded gﬁﬁ&%@j el ectri cal
connection fromone side of the coppery Lam nate through the holes to the
other side, the plRSstdont@ droflsebfiendOlet/ st atsi Ry EBAELARMK oYY anthi S 1S
acconpl i shed by a chem cal process comonly knowh in the industry as

met al I'i zat i tba Jayarsththealprgeess-leongriated cotuiaboatat i vel y conplicated series
of chem cal tanks and rinses and an activating step to apply a thin copper
| ayer to the hole walls. Since the copper |ayer fornmed by the netall zing

process i s generall %ﬁdgb f T SAH i ri dge between
the two | ayers of tﬁggboar ,Eﬁ%gigpééﬁ&ogﬁﬁ?@ﬁg{’g@@% deposit a

heavy | ayer of copper in the holes in order to forma suitable copper cross
section for carrying current. Copper plating can be followed by tin-lead or
tin plating in ofigeprefaredrprbodemans déthalpidsedtynvesitive overedmat thezlahitatinns
circuitizati OH IS erLor med .on thos& surfacgsgﬁtfhat reqrui re circuit

¢ QW Hesh

patterns. PRy ATt DY REQVading matesiags Withy| igkenisip{ (T heemal dprRsion o t he

metal surf j i c j 4t [ nts of
The spoot {1 Garbie e M A EnRgRl hd o ae BOR e M o B
or gani ¢ phofoanedimbd cereatif depirapdndacilles Bed prefdrablmin Bhihted \Jiu&tBdakdd) | i ght

is projected through a mask onto the Bhot oresi st , e _mask contai ns shapes

Th
that bl ock @sker ps BhBs usgfonbaminaleChindeastiers (ECsk hEhapeaent sfventian
photorrsi st joat e, aoch%rgné.po rﬁt g%%;}bcgr{ @gr.ohh&% t?rﬁgnerr%gg%ﬁ&%c‘i’b‘“ ng the

subsequent 'Jevel opnment s ing s en use M8 9 AP R
2003 9 r emyéehdifsFPPSBS wall hbRaR giRdnafolloMRY by the pletdfRidmitbdRR&Itor esi st is
stripped. leaving only the netal pattern. Turning nowto FIG 4, an exanple

of a sip-layer PCB and the layers that make up the six-layer PCB are shown

In FIG 4, par ioes of PCB are shown at various manufacturing stages. In
this examlg—gﬁ%—ﬁ%@ﬁ’ﬁﬁf‘“ =41 | 20 portion is being used as a |lanminate chip
carrier (LCC) that connects chip 160 and PCB/LCC 120 to a PCB (not shown).

Si x-1ayer PCB | 20 conprises a "conposite” formed by pressing (called

"l 'am nating") t olpedrdertotmakesi mivatd corueisboii] tendartisg materal poweallycoskeel 1 |,
and dielectric. l.ayers, 150 and, 152. The cores are indjyidual)) atterned and
t hen pr esse‘a)“ts’(‘j“f‘éf’f{rﬁgerég‘ﬁb% ?IE’XPSGE‘“'D@P‘F F@Of?% @”ﬁdeﬂ?mag, ]%/eﬁgusﬁitg? ectric
wi Il refl owsi it o; el St : e _ goidieslegsdily C

| ayers. Af ﬁ“ﬁ%?é@@?éﬁ‘g@‘f‘ﬁgng%sﬁgg%ﬁceﬁﬁi: E!eb%r ﬁ%ﬁ{égjs”%goﬁ%?ﬁear d onto
exposed driddteabidpperbihdfiberantl d boabd Inepiacesst,thd fibaghks ¢lothe & iswpoddsibbhe

plated, and further processing gerfprmed. For simplicity, FIG 4 shows

di el ectric WP eAMRFesed pRPeLYRBSTUHAP e MatsTid: cbhf besicdioardde thereforq

addi tion, phated. thr . ) J t hough
these will %%‘hﬁ i ;}%@gpgﬁflbﬁﬁ?‘%gr nme%éﬁ?al_ﬁgﬁ\ﬂﬁ%if%%‘{a%ﬂﬁ%’g‘ ?§§51h0| es,

whi ch are uggsted eirédit. gDhig kfavkiigkmhteridlhan lbamrhiabedavich 4 thén lagwescobpgeairher ,

are not shown Signal core | 00 conprises a dielectric |ayer |04 sandw ched
bet ween t wootbepmetald epyleath sidgpohithd bears. widh gxtblecasihesiamoThescamaaptiasniswhi ch no

processi ng has been perforned. e rs.10 d 105.wi |l be sianal
carrying | a%?@%ﬁ' %ﬁpéﬁomeﬁg@dﬁr@@g{%@ﬁ Isflhe%gc ﬁg &N TOhere f';"fys_érrng 02 may
al so have pagisid Gauibshrds HaPmgQoSitlek 3¢ 8o pRENEEY oPBftl E£ Be ERELIALJA A1@ Chi psS
wi |l be soldered. Signal core 101 is a representation of signal core |00

aft er si gnalandoated ¥G0 dddgidnekdiclpatricentoauiultiBiygnaimposites. 101 conpri ses copper

| ayers 102 and 105 whi ch have been patterned with circuitry, 2 9 APR 2003
10 spacing for PTHs and ot her clearance/toolina holes, and dielectric |ayer
104. Copper layer 102 has two |ines (not nunbered) and two pads 107 and
103, while copper |ayer 105 has five lines. In addition, copper |ayer 105
has cl earance area 170 through which a PTH will exist after signal core |01
is lamnated into a conposite, drilling performed, and hol es pl ated. Power
core 110 in FIG 4 conprises a dielectric layer 114 sandw ched between two
copper layers 112 and 115. Copper layers 112 and 11 S may be thicker than
copper layers 102 and 104 to provide extra current carrying capability.
Power core 110 is a CCL on which no processi ng has been perforned. Copper

| ayer 112 will becone the power plane of a PCB, while copper layer 115 wl|
becone the ground plane of a PCB (or vice versa). Power core 111 is a
representation of power core 110 after power core 110 has been patterned.
Power core 111 conprises copper layers 112 and 115 that are now patterned
and dielectric layer 114. Copper layer 112 is patterned with two cl earance

o A NN o A — N A Ar—- * . a o o



.Several PTHs are shown in PCB 120. PTH 109 connects power plane 112 to a C4
ball 107, a line on patterned copper |ayer 105 and a |line on signal core

| ayer | 35. Clearance area 180 prevents PTH 109 from connecting to ground.
Note that clearance area 180 would be filled mj&g?ﬁééé d dielectric after
| amination, but this is not shown in FIG 42& ﬁ?y. PTH 108
connects signal lines on copper |ayersgl02, 105, 132, and 135, and the
signal line on c ( G T rance
rone 184 and 160 Ryt T T RN IRRER bk i Ry PR e
pl ane 112, acesmpanidareadlactridal thdk¥5tic® BNEE b arigustldttroplcasdepbhéntwiiah will Bes or

pads on copper |ayers 135 132, and 102. The overall Coefficient of Thernal
Expansi on (&teehed ofhedmpesiare upeatlyi didled esiagihighl speed dpilliag appchinen andheCTE
dielectrics e 0l rs 104, . 0, 1.14, 152 APR 2003 12 arid
34, her o S Dfthe i e P lhsiedtin Y wetssior Qo Brcheihe over al

CTE. This overall, relatively higher CTE creates problens for both PCBs and
PCBs being used as LCCs. In the forner instance. PCB= may be subject t,.,
shear induced delomdemtg noekeanadddtncp! obndetidretomione sk of itted pper lamimee at ur es
increase and th Q%gh CTE,  PCB expands. Because the sem conductor chips

pl aced on t eles to tha okheg side, the plagicwaly ef disdolegnng beimagdepi ns or | eads
are able to eSS L LN sing . PCB size Thus, . the

e conduct SHOaR s THERREREBNERE ohS P PB e PR B e Pk o 1
size of theinBly &ohetbiEBatiots Qdd A% pr688s cORRVSHTa reRENEIG RBMPEEAE] SdHRDrAr €

pl aced directly on the PCB w thout having a package and pins or |eads. The
chi p it sel fchemdenl tanks end Hasestandw agtivatngrsteasp applP@Rhigreopperdayasiptheat ur es

i ncrease. Thi,s. can be seen in FIG 4, where chip 160 is directly connected
to netal Ié?é?“?gﬁ of PCB 120. If the PCB expands with increasing
tenperature, the expansion caused by a relatively high CTE, C4 balls 107
nove with the PCB. The C4 balls 107 are directly connected to the chip, and
the chip nust abSiocdtherepparisydrdosneddysthe mesadliziby ptdeessiingereaslty fon thiinst ance
between the balls 107. Unfortunately, sem conductor chips are primarily
silicon, mhﬁocfﬁnpéslé??@?ﬁef"irﬁét]br %ﬁ‘f’??n%es’éﬁ'q layers Qgg'lelt?a?d?&%li’ﬁff ed because
of its stru : I : I i j erred
Ermbod mant o  FAELRRE it D8 doBoRBinis Bl bl pBin o b e e he
| i m tati onssuifablelv@ppen dossaettidiyfopcavyidg ngraonGuppdrpéatimgtcen balfslldveadiing | ow
CTEs that are_used for power and ground planes in Printed Crcuit Boards
(PCBs) and Wtrades &g pAaingdnioadardo ERPIOVESIFsabiiit Locs) . By provi ding | ow CTE
materials for power and 2 9 AP R 2003 13 ground planes in PCBs, the
overal |l CTE of the PCB can be | owered, which decreases tile chances of chip
failure, dielecthaifter meatlkiation, droditRaged isipecfoarst cethopdsurfaced thaaddiite on. t he
probl ems (gal vanic activity and corrosion., nulti-step etching, and

conpl i cat edoi@ut Ratiemsa e SHpulA RN &t eiT tidssign éhal seanplicd Hethesweatile, | ow CTE
nmetal s are ¢oppl |y A1 nat - [ i . ceedi ng
to the pr of Shras obos il o §heRhap IRk GEkestis pUE R L b i
benefici al . o ASesiinat B iinagé B/ BV RIk@ Wy SESIYIngRn orPdredpiedorekist cbatifig M t hat
general ly connotes fiberglass and epoxy resin. is1s often terned
"prepreg" baqﬂ&éesahbyﬁhbelﬂkaﬂbhpﬂéﬁhégMdsmmﬁhﬁﬁébkmgmamMHgOpdeessing.
Sheets of fibrous, erials may be called "fibe osites,". while sheets
of fibrous REQErFiH s Reompsh santgns gepss @?‘3’16 tgF y\mg@aﬁ(’éﬁegaﬂvﬁer resin
conposi t es. ph BfQft r@éyofthﬂ@s 018RKisPIhalRE BoSLGBd hANEUY RHR ateam nat ed

wi th one or nore power/ground planes, or a power/ground plane is |am nated
bet ween sheednsovefl dariaptiegsubbdigienedavkelopngni stgm Clsensiahll eechimg Ischarposidte. " To
avoi d confusing this conposite structure with fiber conposites or fiber
resin conposites,' fiber conposites and fiber resin conposites will be
called "fiber lamnate.” The term"fiber lamnate"” is intended to enconpass
all types of prepreg, fiber conposites, fiber resin conposites,

dielectrics, insulators and other materials used in PCB nmanufacturing.

Addi tional ly, enbodi nents of the present invention may use conductive fi ber
| am nates (such as prepreg infused with copper). It should be noted as well
that, while the term"fiber lam nate" is used herein, this termis intended
to denote all types of thernosetting resins and thernopl astic polyners
presently used to construct PCBs, including but not limted to epoxies,

bi smal ei m de triazi ne epoxy, cyanate esters, polyiim des,

pol ytetrafl uoroet hyl ene (PTFE) and ot her fluoropolyners, etc., whether or
not they contain any fiber or filler. 2 9 AP R 2003 The preferred

enbodi ments of the present inventionconprise a variety of conductive, |ow
CTE materials that nay be used for power and ground planes. For instance, a

o o . o -,



,2 9 AP R 2003 15 chances of chip defects and cracking. The particul ar
preferred materials 1ill be discussed after an introduction about preferred
nmet hods of naking and using | ow CTE power/ground pl anes. Sone of the
preferred materials used to forml|ow CTE power/ground pl anes of the present
invention may be relatively brittle during dpig IAPR @ﬁEBandl ing stages of
PCB or LCC manufacturing. For instanceg fibrous nmaterials my be damaged
nore easi | ' ' deqi 1L U use

photol it hoéfggﬁ?g%gbsee??ﬁﬁ%éjﬁggﬂg?E]Et'e‘s”rrrggalﬂglf ;%1?%2%%?%%{ %Rg%?f ern some of
these | ow (Qddvimovsll teshe@l pateanpl anes, it is preferred that some changes to
normal PCB or LCC fabrication steps be nade. Before proceeding to the
preferred materials that nmay be used for | ow CTE power and ground pl anes,

eneral steps involved wt i.ng and makjing | ow r/ ground pl anes
}gr om | ow CTE mat et 418 e lior]:t}gféi %}:ﬁ?g&f Oéﬁjgﬁil?ﬁ’r% z{)"gi\qﬁ? %gerf,thatthf)s figure
iIlustrat e%nzll&%ﬁth@"s&“—l%&ér}‘jﬂil@ QR dngimatrh ‘P[‘é.l proh&‘ﬂﬁﬁ_ng{ﬂf"%E sRigh gr ound

pl anes. Each of 'these configurations entails'slig erent processing
steps to nakeoasithausfactarihgwta@dE Ipnokeexanplgy OxHiayep PEReEl 20oatid?G8/bking. The
nost pref errg& configuratjon of a | ow CTE power and ground plane is shown

as power/ grisemas & anao ghipramest/ (60 hept sonnscsebine KA FEBA0GIR0APR pl ane

304 sandwi cﬁteél t i 1 nat e..30 30S. Two _cl earance
hol es 310 are Qﬁog\tﬁn}qf@mesé}g'l‘lﬁg%?ﬁgj\/oeédn’gpgﬁe%?ﬂqng%osft% %dm&%lpﬁeﬁﬂagcore 300
to provi de (6AIRAr iERafiR”) Kiddehe 16 ki gROVRELAN 4RE 130] heHINePBSre1€€hnd.

| am nat ed together wi th anot her power/ground core, and one or nore signal

cores. Lanideeétriglayesatdsand 1d@npdsicorestahaindividually poeyedand thempressed! | ed and
netallized tqQ create a.P r LCC. By lamnating,a | ow CT l.ane 304
bot ween. ¢ v FRLE CPBRIETL T a BSE $55 Praues. (b deioEisa Y R TASIRO Baler <
provide pr %ﬁ?%ﬂa?@xi@tocfet&zg% thO@ W6 el EnPURNR UL RY ARL! hlebih ARt cglx}gpt@,sige 9 AP R

V3
2003 handl ing. Fiber lamnate |ayers 302, 30% may be non-" con ive or
conduct i ve.willrbetdrdledatpony serchedi omengxposerndrillqgirapper leyare wl0Be mdveddbe a

conductive conposite. Powe ound core 300 could then_be | an na bet ween
| ayers of BroBB halse ol & Bt and : %af%e%salgcneég)f@e@ F%rr%’@Pm"%ﬁ:gg;“or
power / grou%go{?«%?elé%‘?c ﬁa‘?ﬂdhﬂm@&‘sd ABhRAiRGAir Alshiad o‘.f"'d?e'[kcﬁfé‘.% abgpal 1ayers,
power/ ground cores. an non- conductive ¥, ber 1am nate ayers, Into a PCB
conposi t e. plated Hooligh eden@TELh) ateadhoplnanaolddhetah)althotighatheye Wilvgnenadyor nor e
| ayers of nmetal, on both sides of the plane that abut fiber |amnate |ayers

302, 305 TrHewlindgieal snefgldiolest Fimpdlintaoling heles,pvhigh aye upedyjosaligamaerkscond and

third | ess ferred nf,igur at i f I E power and ground pl anes
that are rr[}BéeFafsrpd %tgﬁfllggkfeela 55(2()_6%?’%9{5%[5%%%; i ng damage. Power/ground
core 320 conprises a layer of fiber |amnate 324 sandw ched between t-o

| ayers of | ow CTE pl anes 322, 325. Again, fiber |amnate |ayer 324 can be
conductive or novigsdrerct(0mmsgen Adglestrdlarer @4Fandwighebpayedt iMd ed with
cl earance hol es 330. we ound .core %k?[}r)ri s.a |low CTE pl ane 352.
Simlarly, cﬁgﬁgrlflﬁ?rﬁ)&ﬁga%%i(gg'g & lzfsor }aogﬁggrl 83%%1%]}111%?85?551& 21 %ol es 360.
These are |@es phffeingdd. QChppRPRYEABND 2nafl 0P MR bE BipaNANGHBsydeeauERH he | ow
CTE pl ane is exposed to potential drilli ngzand handl i ng danage. However, if

enough car dires of aégeper shikl bagnadandlopper layrd 182 imdyi abgp, have padato vanchehipapbage to
the low CTE nateri al s maki ng the power/ground ne ight resyl.t.
Encapsul at iWSEF%WﬁEdﬁfklﬁﬁgéF_%’}taWﬂgc ‘&%‘T&?ég%f?‘ilgggg Cﬂ%?nﬁﬂi’ﬁ@ or
drilling danposshaddh if el LaH108GRC! G237 0510 ROLE dilonlar sHAfIPdRe and

is, thus, preferred. of these coreés may be processed I1n a slightly

di fferent nENIN&mprisés GaipRr Rlyerspi@dand goounkick dae B0 paittinede/ithaiicniated aft er
an optional adhesion pronoting process (using chemi cals such as silane) is
performed on | ow CTE pl ans 2 9 A~ K ~ao~ 304. Then the power/ground core
will generally be drilled with clearance holes 310. Drilling is u. d at
this stage in lieu of patterning with photoresist acid etching because
fiber laminate (in its dielectric or conductive configurations) and nost of
the low CTE fibrous materials in general cannot be etched. Additionally,

cl earance holes 310 may be filled with an insulator/dielectric at this
step. The drilled power/ground core 300 can then be lamnated into a
conposite with another power/ground core and one or nore signal cores. The
conposite is then drilled and netallized (for PTHs) to forma PCB or LCC
Optional ly, power/ground core 350 can be drilled, treated with an adhesion
pronoting process, then lamnated with two sheets of fiber lamnate into
power/ ground core 300. While nechanical drilling of power/ground core 350
is suitable for creating clearance holes and tooling holes, |aser or other
| ess damaging drilling is preferred for power/ground plane materials that

o v o T eSS




,As previously discussed, it is preferred that conductive materials used for
| ow CTE power or ground planes that are susceptible to drilling or handling
damage be formed into a poww/ground core wherein the | ow CTE conducti ve

material is sandw ched or encapsul ated betwee I s of fiber
| am nate. Form ng power or ground cores m%hﬁsﬁ«%r@\ﬁ%\n | I provide support

and protection for the |ow CTE conduct1i0_\/e material during drilling steps.
Thi's prot esgdcing foEHUEESnd behepBREAhcOHoofih OIS afBURIdcRC lahat 103 aippe broken
by the drilling process. A power core |ike power core 320 (simlar to power

core 110 ofayEt (82 lus tep lpeserot combe38Pantbtyvoglage | OB amhtes, wiile cdppdrllavey and/ or
handl i ng m ghf cause so )l.intering and cracking of the | ow CTE nmateri al .
Addi t i onam@? hfrso@%eehrf%ﬂgﬁécﬁa?%&?% aypat By hag clemignce srraalmOthicdel one
processi ng . : i b oL . ca erkal and

addi ng i nsﬁ?‘?‘%ﬁ?%&&lggﬁ rglE)gH%rﬁS%&g?%gﬁgg lﬁgﬁl (@tﬁwgo?r?@?%@tehﬁlgp%al i's

| ess |ikel yeﬁmnamd)aglﬁa@ubsequent processi ng steps. 19 2 9 AP R 2003
Referring nowto FIG 2, several cross-sectional views of power and around
cores are shown, along with a six |ayer PCB LCC made with these cores. FIG

2 is an exanmple_illustrating power core 1000, a drilled powey core 1001,
a ground core | BYSr %Pr‘aﬁlw Prbﬁ%r%mr@(?? %d‘fg“’ftr}c, lagerd 14 S§’i‘@<‘£‘l°5?f£r PCB/ LCC

| 020 t hat { r f iLng an
adhesi on pP%‘r?}g;éL?%@%? cre!saggr gnﬁ?‘(’)@vﬁéﬁ_ E g&’gg‘?qﬁ anlelz%gsﬁslt:}ﬁae)ﬁﬁ{ 1211?11&%1(;1ti ng
thi s pl anethaetcapgar laywes 102y@rdsl 0@ tofprdndde xard onadeat bl 2hgcugabilion. Pdvesy CTE

power plane 1087 .in this instance is a %r aphite | ayer 1004 that has netal
| ayers | 0990re1d84s & 6CkeRn Whichime prpsessing hapossa pedpraed doerpralayehbl? dril | ed

to create ¢k | 079; v 'normaly  CCL power
core woul dwﬁlggge&%gegtg\lggf) %Ereé‘,ggé?fggcg ’ éﬁg c%r? s??gaslgllrrglsq(‘%l\%ﬁ%g a{t\}ee been
applied, tgrdunéplaicdf aPURIESE RREs2) OPEwéd cote 111PR\WEEpeSatibhlof@bwet G 4) .
Because et chi ngf may not be possible on sonme of the | ow CTE, conductive
mat eri al s oered 19 afteppavegr/cgreoLk{uhas| beae pattarnasin Fowse cotedrtil matpriselydoppeng i s

th f d h ] | hol P 000, and 1001
ot o exdaprdipnddda i B s pRURRE B R it Py CRP@a e L
bet ween twpsmefrféerwiﬂlcmortgeérarpc%raréa%nﬂsa%@s79,@6}9mggar1§ye¥ql@ iYBsttekpddred by

perform ng an adhesion pronoting process on |ow CTE ground pl anes 1012,
1015 (whi cMitlrteo dleardrise greapnd 84hnane | 30reTladse clsatanck dredw wilkprewerd thegpasyer t hen

| am nating _these pl anes.on bot h .si of a. r..of . conductive fiber

i nat e, EOERANEBREEIEPE RALSHRe K Bt il B SEH B e e raiBe SR es 1 084
and 1080. 66 QBNS:E P PraOAn phes bl uSX BBt Sn@RIRT hbdl hotnommegagiuct i ve

pl ane having three conductive layers (one |ayer of conductive fiber

| am nat e salutkd. ched between two | ayers of |ow CTE, conductive materials).
Al t hough not shown in FIG 2, dielectric or other insulator may be added to
power core 1001 and ground core 1011 to fill the clearance holes in these
cores. 2 g AP PENGELAl ) i Hnl , a
preferred net hog‘ %?Q-Qﬁg%?ng tﬁl&gl%}lg%séﬁr%%ggﬁy %g%;lzﬁggb?éﬁltwbg{ lf/éol une of
copper powdemnion ta chil kfies PGB 4 1dde ldye'Board beeaiise iDhitsisigcd it tingd lapers. t he

copper should distribute evenly throughout the_ fiber Ia}}olger. Q her
conduct i ve PG pastign d3Y iskeingaxd agadreC it eanngttsdip t6ffes IH¢B (agfshovmt eri al s,

but this filler d mat er| al I f | ~wel y
inexpensivgkéﬁae%gﬂﬁ%ﬁiaﬁ%6ﬁ$y%h§3%ginebgéoﬁgﬁﬁ%gggﬁgFﬂg.egggégkfﬁggbores
have been dpphdetl gaRrehllysetthah@h BdBHd AirfaydBSIA)eA simik@wBhndBbas. | Q1 and
ground core 1011 are then pressed together, along with patterned signal
cores 101, l&y30PeBdpdriitrel20 srihnenafleayignd co9601 209 530,506vet 00@, 1 11 parfdor m a
conposite. This conposite is drilled and netallized to create PTHs. After
attachi ng conponents to the PCB/LCC, exenplary six |ayer PCB/LCC portion

| 020 results. Fiber |lam nate |ayers 1095, 1096, and 1099 are

non- conductive, dielectric |ayers used to isolate signal, power and ground
cores. In addition, these |ayers adhere the power, ground, and signal cores
t oget her. Power core 100l does have a fiber lam nate |ayer 1005 that could
be used to adhere power core 1001 to ground core 1011. Simlarly, fiber

| am nate | ayer 1002 of power core 1001 coul d adhere to signal core 101. In
general, however, fiber |lam nate |ayer 1005 (and 1002) will be fully cured,
whi ch neans that another fiber lam nate layer will have to be used to bind
t he power, ground, and signal cores together. Some fiber |am nates, once
fully cured, will no longer reflow enough to adhere sufficiently to another
layer. It is possible to partially cure these layers, which would all ow
some reflow when | am nation of the cores occurs. In addition, sonme fiber

| am nate layers will reflow nultiple times and will provide sufficient

o e - . T NN



In the exanple of FIG 2. nost fiber |lamnate | ayers on the various cores
are shown as being relatively thin. For instar,~~, fiber lamnate | ayers
100?, and 100 are thin. This is for representation only. as these skilled
in the art realize that nore |ayers, thinner. or thicker lay ers of fiber

| ami nate may be added if needed. Conparing si® g ARR PBBLCC 1020 of FIG 2
with six layer PCB/LCC 120 of FIG 4, the major differences are that

PCB/ LCC | 02dleleasicd eypas df(RarpioWrhadd Ge@l restdd eofond addechpodné. Thesanposite
power/ground cores are formed differently than normal CCL cores. PCB/LCC
1020 al so Hs?éhem\ﬂrltlﬁd&epmemem@agbmnmm@ﬁe@nﬂhﬁtolcﬁoﬁmth;émszsllawge

portion of rs |02 | 3 avi ng sone
netal , mai n t%cdallr?’%gﬁe’r“ %ﬂ?%ﬁpg maﬁllee %@8@%%’%@ etlewgés(fﬁ cores
101 and 130,Wahde, a'cRES RIOHE beABsHIRSL T g Le&; te

| ayers 104 gnd 63?1 &,r ov?/ C§I'E Sdl el ecttr(?lchlrtgmgg%ldétaggﬁ hes i er

| ami nate | a(@{)sballs me7 ﬁTpEdwlm obevppemlayédd 192 oPEBn&lTdoré NO 1. hEaczq:aaatmm bt be

mai nl y caused fy t he netal iers of the &O r/ground core, which is

usual 1y a cmder lhlé%p@wﬁsqham @0. $igaalcappki 15 A phlRmMEsigarlicotssimiar ©TE of

th / th t of th d
gt ound it anig iRl SRERYES S50 aRgATR Phnd nGobPenid s aba R ra
CTE of the [RGB, 134eaHpper laPerP P52 AL ajs Bdedker ﬁﬂeee@l td 8RN ALY DidieefRCt ri ¢ or

chip cracking, tensile stress on chips attached to the PCB (used as a LCC),
and ot her deyetlélilaabeaf ddsed betwenn Bb@&er planeovppee tayegridd@nd pphvaneord 011

i t | ad t | ddi.tion, |
1087 compr | eans Eortek Bl 5 OF SR P e bet M titietge | ed a2 B?sahe@%éﬂf ain a
substanti al peFBiNEroRhd hRKE ggﬁgémﬁfér) a SS?f pM¥ef Bore QW8 and 36p e?tl er g the

core. Thus. both Tores” hav wer” over a CTEs than an e ent core,
and t hese |sgwal conecl38l IEaCH Hielettn hay&HS()hbS?_tma)abe ale ﬁ*bntﬂnereREBAbﬁKJ

Addi tionally, Oge | ow CTEs of the cores are achieved without the use of
al t er nat i véapgod|diclediieh as invar, stainless steel, and nol ybdenum that
can create a 2 g AP R 2003 23 vari ety of manuf acturi ng conplications,

i ncluding gal vanic activiy and corrosion. nulti-step etching, and
conplicated ast eSé\Fe%ltPITE{!;tare bhawreinerCB d20rePTHA 00fcohiticts pived pRedli2@6 ground
core (such as ;.r co: a 1000) containing |low CTE conductive material in
accor dance &t rbakl HO7 cukineon patwreqﬁitqoaner layes ngﬁnﬂﬁ lme@n signalpersdeyes00 of

FIG 3 is preferabl used for ower. and oun of and to
conbi ne the{BSSO\;e\(E/elFargn arF%lljnd rgg?'essp?ﬁpé)tggeoélgcon&sef?regﬁg ngﬁ %%%i s met hod
is al so usededrticetdiea pgmeﬁlae«é fﬂl’éb@dtmi%ﬂb&e&\h@re@tr& dfem&ﬁﬁamcﬁusﬁﬁsv@
material is sandw ched between two | ayers of fiber |lamnate, as in power

pI ane 1000. notishewe tb BHF.rfefor samplisis- nibrlé 109 mre@@tsemnﬁblﬂnqsme conpesrlawers | ow

conduc ria ditio f| ber an_ hel
rret aI cover]ed& ?pgslg '?fL3e§riaﬁﬁ? cSmpabll “?%’8%%&&%& é’?aiom ‘Ftého eP‘n@?ps to
keep the fibnous. "Efshahed arba&tﬁsm%h 1189 pmendmlmag Eroml &drtadtiig R@bdddcul arly
hel pful in the case of carbon materials, which could potentrally

cont am nat eplpua t 1 Somispafertpheme RCR/ ﬂs@@camjyt RéHniddubaot oy gmgnthkmesi;S Met hod
400 begins mh n_an optjonal th|n Ia 9& h@% coating is made over the
| ow CTE nat¥H QPC%%WWﬁB8§§HPQ§1§6”% oy 135178 -clad fibrous materials of
the present invention generally have enough netal to carry the required
current; if additional current carrying capacity is needed, nore netal ma~~
be fornmed on theThébeﬂsuKmeﬁkﬁﬁu6ﬂ®hmﬂdﬂEkpn@@hKQTEbﬂnuhEBerienmeﬂ | ow CTE
materials of the present invention have not been netallized, then the
material s cettaelohish even when wadCil R didlfunesaspuserdn layess Hig 50, il 4ahd2,
non-netallized carbon fiber towis being used as the |ow CTE nmaterial, the
tow could be netallized and then forned into a woven fabric in step 410.
The fabric could then have additional netal added onto the fabric, if
desired, in step 410. In the specific exanple of power core 1000, a
graphite layer 1004 is coated with 2 g AP R 2003 24 netal c:: both s~d~s
in step 410 to create power plane 1087. In short; step 410 may be us:d be
to netail ~zs those materials that are not coated wth netal and to add
additio-~l netal to materials that are already coated with netal. The types
of preterrcu materials to be used for power and ground planes will be
di scussed in detail after nmethod 400 is discussed. The |ow CTE nmaterial is
then optionally treated with an adhesi on pronoting chem cal process or
copper oxide treatnent (step 420). Next, the conductor is |am nated or
sandwi ched between fiber |lanm nate (step 430) to form an encapsul ated, | ow
CTE power or ground core. In general, standard |am nation processes will be
used to Ianlnated t he Iow CTE ground/pomer naterlal Alternatlvely, t he

 ee—— _ . T 1 - Y



.2 9 APR 2003 26 another power/ground core, one or nore signal planes, and
non- conductive fiber |amnate |ayers. Then, the conposite will be drilled
and netallized to create a PCB!LCG (step 470). In addition, a power/ground
core simlar to power/ground core 350 of FIG 1 may al so be used to create
a power or ground plane. In this enbodi ment,? QhAR)%O@@@;@l ng steps used to
create a power and ground plane diffen2sonewhat from nethod 400. For

exanpl e, dmrhd 1BagThat egnidd) hedhippdlcdnadee opkage: befict auses ttafdverallSCep. 410 (i f
performed). The | ow CTE conductive plane then mght be treated with an
optional adhéstvsralbrdantdlygiehat Giﬁa‘reacagmé@blinze)qr%aﬁu%%wmﬂamas\hﬁma t Wo

| ayers of fiber ..an nat conductive non-conducti v t.o ., formcore 300 of
Fr . 1 n e S b R oy S e S5 e ReraiTy e Rt ary. “as the
| ami nat i on 4epOfieSSohRNisk bf diblebhR Hat&Ss W &hobiRREs harhaahg nplhonal 1y, a
| ow CTE, conductive plane simlar to power/ground core 350 can be drilled,
treat ed w {(UTEARCRdxpsidsn Becawsstthaigpnsteplucstr ejppd ldyed anithe tPlidhagerirssed into a

conposite (step 460) with anot her power/ground core, several |ayers of
fiber |am RAtKaECHR RASKARS AN OBNESt RSN P rieads ammble WaRpRIbistresseafawsedn be

drilled an ' to Cr 0 ;L nal | t hod 400
is appli cfa%?’gg ‘%rggsk) %@?Bégzﬁf @‘S‘%g{\ ?%%@é%@gghﬁgt}ggg"&%lﬁlfg%@tugu%}yxﬁ ayer PCBs
as shown i nffetted by inofed3egieiizesf thOPEB. IR PEBs@ked AYIETGSs, HBWebé, f or med by
adapting the processes of nmethod 400 to that particular nunmber of |ayers.
For i nst ansem{coadeqter ahgpsrre klaced firGtlyn the PCE withaut haying a Patkage addsi red, a
power core L000.coul d, be | am ed on the outer surfa of 1002 with a
opper | ay @S OGRS TP EPIRJRER I (R B ONeE EGHanE BOE A6t #3 f ar | y. a
ground cor g 10l G eQuhdel@ | am nated on the outer surface of 1015 with a
fiber am nate and a copper layer. Then drilling could formthe ground core
| 011. The openings created in the power and 2 g AP R 2003 ground cores

during drilling could be till,:d with insulator, The t-o copper |am nate
layers coul d t hédibeAnReEen Hbfaf%d“%ﬂﬁ@ ctml lﬁé}rs?tPYawanaﬂ‘r%cﬁ@dne@l@yelf or med

into a co [ id I ' f: ; r dto
Create a gggﬁ Oiftc (Iajr:)g]%ad'fif\ge ylta@%re?k ?{ggr&gglmﬁzr;re%grrﬁete%g}f%grg’ghg?’l‘éaﬁé ar ound
core | 011 cawded bher telakively High OTE, Canais i 0 emon¢ tithalyePGBI Mhe I Badls|107i ng
order: a copper layer, an optional nonconductive fiber |amnate |ayer,
power cor e a1@directlyconmsiediodha ohip, ang the Aleis Felse dbsPED the baysile alrgsaseescllayer ,

and a copp .Jhe e 0, r into
signal | ayz)&sthe:%lggﬁtaﬁ%&c&ol%gcsel tﬁe\é%‘fﬁ @Pgénéaﬁ%f ner%fgﬁ%ageelg’estegﬁéoﬁlgg?tgga

four -l ayer cRgB.ard pemBRRNEHCond ivhitsi iD grylsoWireT B herhigritsalfss éRilyiaeruraw CTE,
conductive power and ground pl anes have now been discussed in a general
sense. Thedecamse ROHS starriuiend theballs ay alse pull ayavirom haghief t he parti cul ar

| ow CTE, conductive materials discussed below |f there are any additional
processing steps that are preferred for use in order for a material to be
formed as a power or ground corpreftRaERbEHAMmentd | be discussed in relation
to the power/ground nmaterial. ' The nost preferred enbodi nent of a

power/ ground plane that contains a |l ow CTE material is a graphite or carbon
sheet that has cqQpper.on on r both.sides. Graphite is a naturall
occurring, condu W&feﬁfﬁflém%aﬁl%%%ofo‘ﬁeBEEFHBH?VC H%n%eirﬂ?mﬁﬂ)ﬁdwltt%défef ers
to a peculign I - : : qns. i y be
formed nat u‘?é‘i‘ié} orpdﬁ{rrgsiyE Igﬁ{&rﬁ%§&n§l§g€\%}aﬁe§£&sﬁ\§$1§§i'lbs\ﬁsOnevt\%ﬁa?é;?@eg%ﬁm
crystal | i negosder duad gfatint plgeaphPiisted @i@phiBoatds (RCBst anddlBruseduast i ve
properties are primarily anisotropic. Very pure crystalline graphite wll
have excel |laningtedehip CaaneradCtrethaproxialion GTE pasgigisionggde ¥ CTE. Bul k
graphite will generally have a much 2 9 AP R 2003 28 loer el;.;.trical
and thermal conductivit~~. and will have a | ow positi~~e to negative CTE. T
:ose skilled in the art will realize that graphite or carbon sheets
suitable for use as the base material for power/ground planes may be nade
in anv nunber of ways. For instance, bulk graphite nay be sintered or
conpressed into a thin graphite sheet. G aphite sheets may be made t hrough
chem cal vapor deposition, which creates highly ordered pyrolytic graphite.
The latter sheets tend to be fragile, however, and are very costly. In
addition, graphite sheets may be forned by w nding carbon fiber around a
core to create a carbon fiber spool, renoving the core, pressing the spool
flat, and then graphitizing the spool under high heat. In certain
situations, this results in a sheet wherein the carbon fibers have |ost all
orientation and shape, and the sheet is essentially better crystallized,
nore pure graphite. These nethods of form ng graphite/carbon sheets are
wel | known in the art. Bv depositing netal on graphite or carbon sheets,

I e AR A 1 1 L T - =



.2 9 APR 2003 29 power/ground core 300. 320, or 350. The resultant PCB~~LCCs
~~ ill hay a o~~erall |ow CTEs, which reduce shear induced debondi ng and
cracl:~ng of chips and C-1 connections. Additional preferred materials for
creating | ow CTE, conductive power and ground planes nmay be |oosely
referred to as fibrous conductive materials g'hﬁgPR gﬂgserred addi ti onal
materials include netallized fabrics1gsuch as l'iquid crystal polyners),
netal | i zed cf‘r@tﬁlbpplaﬁéshﬂdeB%,bee(baveﬁﬂdjmbﬁthEWWczgt' RSewetddethichfRBreh &3 can
further be broken into woven fabric (fabrics having sonme non-random
structure) taadanandoichiaflurd, dipidotdc crReidgrmpaper ifdubed dsboadmggéner al | y
made fromfibers placed in r ndom orientations. Random paper fabrics have
no i denti flaéigltemff é’rfo}élF‘Flﬁté&%Yaé“C "ffélt’”tV REE SPERSIONy ”b’rl%ﬁ@tpreéﬂ“%taé?l al

bl d
Fibers,  suc SR bR ELOd PSR ReA 0 B B e B ton BN 270 ©

conpani es, aa@dmﬁp 1pélimhased d‘rldb@ﬂalcaneréaetécer known by their trademar ks.
Aramid is an LCP ma e by DuPont that, 1n sonme versions, is called | CEVLAR
VECTRAN i s an LCP nmade by Hoechst - Oel anse. These fi bers have CTEs on the
order of about o S Parts Per er, de ree rade (PPMC). In
addi tion, these ]g?flﬁeer%rofﬁefi@g tPﬁ%ﬁWﬁ* gﬁB\%PfiW SAaah?rtgﬁa SSRARfs of organi ¢
fibers, whighniigls, Theebill | AL shRdifBRO M ui tabl e
for use with tﬂ %ﬁrrente %:lnventigon inc ude SIPW%'%R%ﬁ(mﬁDEﬁgl Ega{éteg%ﬁyagt hyl ene
made by Al | gemdraBly goahgtes flheeglassmidepbry sesimyl Hieispifteq haard “prepre’en and
random paper fabrics. Additionally, some LCPs may be %urchased al ready cl ad
with netal . %lrseﬁt*%ﬁhmelmmmmt vgh gesiuteing nrp%tena{ heess ofibrabs | ad
aramd fi bextlgte ials maS' € ca Qﬁ)li?’er%g s4e§ Sk S?lf hFﬁgro?lr ter?alsfl brous

mat eri al s nay ba ased as coated tabri I'C, coat e organi c fibrous
mat eri al swotneabftlﬁgfréstn aFe peRérally Plted “‘ﬁbe@ﬂ’es@rc@ﬂipdsﬁﬂsa’n@nf@‘bhnﬁfél}mvﬂfénmde b~
the follo~t inn steps. First, the organic fibrous material is placed into a
chanber andPrigeiranara signel lpygis pie leminatashith amrdnomlmwep’@mmdmhanemuang t he

mat eri al stretc r.f at ened sures h enl.y caover
exposed sur}to%eé @pé?nelg Ao gt 5%9’6?8}516 th{gprgg \Ah‘?tfeée't{ 1%H‘s‘smateri al .
Such deposi éattettatt@a/mp@slee’r trerav&q chﬁ@m@Hﬁ'@%Bm@Bmf@s‘&%@{&e w'itﬂfleéF" ng plating,
sputtering, evaporation, or chem cal vapor deposition. If desired or

necessary bc;ontpwuq:rrcqrcfdss restrhenopagites, diber dnmapesitesarglrfitzlr resiry cdrepasitesied! over
and nore al ited, Fq nst ang utterin S used, me al wll
usual |y breml?fe‘ﬁplggg ggﬂdﬁfwtatﬁq[ c—)lllli‘ﬁ t%rm 8 aé‘?‘nﬁﬁelsflﬁt?Pgi‘l to\ﬁﬁ‘f’?’é‘p?ﬁ?é‘ It abric
may be used, FEE (‘if{]ﬂréprt:grﬁ%t coxﬂg&‘?tegmﬁtﬁt réMd éon%%ﬁésam&ecl?ﬁcsaggﬁfat&@aﬁciw ot her

side of the tabri oincrease the current-carrying capabilities of the
fabric. Al teheabateshly usedie H(%maoufaagurhg gydditioarkyl earbodothénts bfiths

sinmultaneously using.a rollto-raoll fo After sputtering cal
vapor deposi' eehmveo%w waY esenetnépctﬁef 53 e (h ﬁ%pteaﬁ.g.le&évf E]ns of

conventional, g@%xﬁ oul@ﬂe né’?gtdf‘ WAl %ﬁl@ltl)é’\fel'rl') “EBEJ B3 fatd fl‘jﬁu &l rent

carryl ng cap I’I C ower roun | anes. ese processes
may al so behd#StﬁﬂthﬁsOteﬁﬁ&imCe@ﬂb@fb drrnogfaapﬂyp&seot&haﬁtosemdgs@sumd above, with
metal. In addition, these processes nmay al so be used to coat other
preferred | GRTTTERSHtRObYNatrs pregeribiised @ prIsHust Rmtsn lrﬁﬂéltchng by pat higriegrie,

t hese techni ques used Lo goat ¢ rbon grsaphl te sheets,

descri bed a%DO\}eeS W’%{lﬁﬁe%ﬁﬁl nazy eeooggr%(r]ta ersapcr)n\;(t F¥’zed fi brous sheet

these | ow CJ&y tecr@ﬂﬁimtﬂhyenéheﬁt ARA1RS S otﬁnml@ec AwWRENEY dr3lobtHag core
simlar to power/ground core 3 320, or 350." Additi onal ly, any of the

previ ousl y dirsgnssedibaetrifdits. for maki ng these cores and integrating them
into a PCB/LCC may be perfornmed. 2 9 APR 2003 31 Another nost preferred
metallized fibrous material suitable for use as a power or ground plane in
PCBs or LCCs is netal -coatzd carbon or graphite fibers. Because carbon or
graphite fiber cones both as a weave and as jingle yarn or tows.

nmetal lization of the fiber may occur in both states. For instance, netal
may be deposited onto carbon or graphite fiber fabric. Alternatively, netal
may be deposited onto carbon or graphite fibers and the carbon or graphite
fibers woven into cloth or fabric. Carbon and graphite fibers nay be bought
al ready coated with nmetal and already formed into a tow or yarn. This tow
or yarn can then be used to weave a relatively flat woven fabric. In

addi tion, carbon fiber may be bought in a random paper sheet. Any carbon
fiber mnth a low CTE (preferably less than 2 PPM C) nmay be used with

enbodi ments of the present invention. As an exanple, a 1 K (1000 6

m cronmeter fibers per yarn or tow) graphite/carbon fiber tow can be plated
mnth betmeen 50 to 60 melght percent of ~copper . This pl ated tow can then be

o NN NN



.32 proovides an essentially continuous lay er so that a connection can be
formed tinder anv drilled hole location. Follow ng this process can yield a
power plane that is 60% by vol une netal coated carbon fiber, and will have a
CTE of about 9 PPMC. This CTE is a considerabl e reduction over the CTE of
a solid copper plane, which is about 17 PPMgEg }Z?P}%" "Bu C figure was
generated by using a carbon fiber havihg a 6 2 PPM C. Even | ower
CTEs nmay be achi Ewegtefeyredsitbgdgnaphof @e bidsent ihavitiog corapase Shdckety €ar bon and
graphite fiber CTEs ran%e fromabout -1.4 PPMC to about 2.0 PPMC. This
power / gr ourf®nghetive. ohotil 8 massals Hiat sww hensedlr povagardgsawid playesoffoabout 1

f t t t Il b bout 3-4
TS e h ok PRl SRR he dhitblid e TS R B Rrelb B e S ot per i
addi ti on, dﬁgfééftﬂa@%rm@t@glzgﬁ BRILL 8 86§ sleb 8k MEhMné BLLL on\‘a(tgG\\'Exg&lQ)%ﬁ& to

nost standar chem cal processes. Thus, etching and processes
tend not t oplaid detadthiencaetadizedl) lbe/rC’ﬁEcﬂingrsa(muhtaegla@amerb‘oﬁramulqlﬂcﬂo a
netal lized fibrous sheet, these |ow CTE, conductive sheets made of

netal | i zed %%tﬂd??liffp%‘e@beﬁﬁfabée@%‘é‘&?dtlatorfé@récséh%(?ﬁ}ém Hredwwsid fer e similar to
power / gr Ou:}govﬁe(y Lﬁl%%laf%(?l;]he rﬁf%ﬁ‘gd c@ig&'cﬁ{/é) %{l’s &?H%’ral??fr %‘%em ; n\ﬁ'ap usly

di scussed ese cores an

PCB/ LCC mayrahge ﬁ@th-grtﬂﬁd’PW"l@t wterwlgﬁmﬁge@mmgtmrnpmﬂc dréplefdife@us and
has a low CTE is netallized glass or clgartz fibers. As with carbon fiber,

gl ass and q@@pmr/glomadsowefynb@ b}ou‘ghg sepm&imﬁdmfad:rla‘li $ould/bave aor as sheet s

f d f PR 2003 b
et | peq oo e L TR Eneing o 8 1 Lo PP depiidtng orBa ibRe e st o of
fiber may b@mggwsé t&edin ﬁﬁésm@@%hom&@shltrr&x p@%xﬁé@qﬁvfn%tf@g,gb F.ﬁgr' cto

yield additio current carrying capability. Curren ers
cannot be pUTEhasyiag fubmB rase]t?aPPMe‘félthgsw aTsngmﬁmtezdacumtﬁbmabaCé‘ﬂ:dﬁaber or

fabric, the t hods previo SCri to create fibers
coated wit hp‘ggt‘%“}de vgifh %rmar c‘g‘%ﬁpéﬂc%dt ?tﬁﬁc (?e?ciéiéﬁﬁ tPORME  BGR £i ber
sheets may e can
be netal li nggl %&‘F%g ?ﬁee%)lragt/l:‘l %@@%@gﬁg@gﬂ@ rre%vﬁg(cﬁl{ég?m hgﬁ%ﬁgg%fl on.
d ass coneslamnnaae \ble Gy eHel €Ty oftopper isxelatinely hifh aﬂdldbbpﬁroenﬁﬁlhtﬂ/ed by

adding certain "inpurities" to silica. For instance, S-glass is a
si | i ca- al urdigRiffedH esTcaniesnpelisae phyeiehbiwHe Mebind hyseyer wb@rr B)%?Tﬁot wound;

E-glass is tabelillanme%la es wfsxll]p QL3 ffneg at ﬁBgCﬁBéA‘ Jigmm?sﬂeg’tl%at%g\r/? eyd 081,

primarily used Tn woven Tabri cs fd assS possessi ng a | o

di el ectric ppastante us@@mﬂmﬁhé’tﬁﬁe Iﬁcgertse papeviTEES dsﬁ\altyhfavéartgﬁi gfea&bOUt
1-3 PPM C. For instance E—lgl ass has a CTE of about 2.8 PPMC, while S-glass
has a CTE otharatbwﬂ’w G- memnﬂ@um%w}h mtbmsdbgl@rmﬁnr%HPMéﬁn@abopper

coat ed gla reS| n as i.n t hod 40 ave a CTE of
about 12 P g ?‘@@e%{ r? tprﬁﬁfnvé’lvﬁ%ono erﬁgf%wg gﬁgg’fr}f “ass fiber.
Again, thi sreQI fant PCB ©QN6E BRI AFh Soric@Hbifta) lrppnca@msﬁi Thecdnlfictdfe rﬂat@ﬁélk@fCC)pper
pl ane (or a PCB nade with solid copper anes) which is about 17 PPM C.

Once f or medthe prasest ime¢raiohiazenoft tt@ngﬁgab\hm sentlmecdoovhxpsr e doeetdbuct i ve

heet d f t al | fi d / d
core o o el LU ES T Rl eleBitse SoeTE Geteh chibs Bni Suthabmpsiie oy 2or
the previougiry ofp%"esZL@céﬁlSdéﬂp%cgm%ﬁb@@ f HiEdy ?ﬁ%mf«a{ndmk&hng J@ﬁ?ﬁ cores

and integrating theminto a e performed. 1t shou be not ed
that the fiddiiptiscnmdsaiuead QmmdmCmemﬂmlr@nﬂngrmuamqwmﬂnewuh highheCpEesent
invention are also porous to water and other_ solvents. Being porous to
wat er and oWHEresslinbigher qosmasie CdEs o haPCL e, MhksdrvillaRsRaedhs ayers and
t he incidence of cathodic/anodic filanment growh in PCBs. Porous

power/ ground pl anes are di scussed in copendi ng application EN9-98-002,
"POROUS PONER AND GROUND PLANES FOR REDUCED PCB DELAM NATI ON AND BETTER
RELI ABI LI TY.'" Thus, the enbodi nents of the present invention provide a
variety of low CTE naterials that nay be used to create power/ground cores
that formthe basis of PCBs or PCBs used as LCCs. These |ow CTE material s,
when formed into power/ground cores, reduce stresses on |layers of the

PCB/ LCC and the chips and chip connections attached thereto. These reduced
stresses are particularly beneficial in PCBs used as LCCs because chips are
attached directly to the LCC and cannot tolerate very nuch tensile stress
before cracking. The fibrous enbodi mrents of the present invention have the
addi ti onal advantage of being porous to water or other solvents. Although
copper has been mainly discussed as the netallization netal, those skilled
inthe art will realize that techni ques used to deposit copper may al so be
used to dep05|t S|Iver gold alunlnun1 t|n etc In addi tion, even |f

o " L . . -, = 1t L " —-- B o Y




- 3s.- 2 9 APR 2003 CHlainms: 1. A power/ground core for use in printed
‘circuit boards, the power/ground core conprising: at |east one |ayer of
fiber lam nate; and at |east one |ayer of conductive material, the
conductive material having a coefficient of ther nsion (CTE) that is
| ower than the CTE of a copper plane, and wh rgal rTBIRéO%%E of the conductive
material is less than 5 PPM C. 2. Thespower/ground core of claim1l wherein

the at |easthaped df@wd&éct§m§ém@ Wﬁrﬂxﬁhar‘ﬁeﬁﬂ@d hAWehE \qfu geonduct i ve
material, the at | east one layer of fiber |am nate belng sandw ched between

the two I ay@saissdd afendo attiodactimt grouapref@red Hhahpbve midiauad woredoof claim 1
wherein the at | east one |ayer of fiber lamnate is two Iayers of fi ber

| ami nate, theEROVEHERUNdREIRAyer of conductive material being sandwi ched
between the two | ayers of fiber lamnate. 4. The power/ground core of claim
1 wherein the at | east one |layer of fiber |lam nate is non-conductive. 5. A

power / gr ound COfSor’ﬁ@BfHﬁ%réf@rr@d hﬁ%e@ﬁlscdsé&w forQ6W ¢SFE ﬁa&r@?m{d;ﬂ&%nd core
conprising: at least one layer of fiber lamnate; and at |east ‘one |ayer of

conductive cmﬁxhepread:nt inveation noiydtei roletinely briitél ddlm‘gldmljlntg adehiling sadesof
whor oi n 1 heab of Bt Mty BT FBate PRSI Banbe oRTasd TAd her i n
0 IE o L St i S AR T B S
at | east on&chiay eichaiquéd ey nbeld abié & paatach some of these low CTE power and

ground planes, it is preferred that some changes to normal PCB or LCC fabrication

steps be made. Before proceeding to the preferred materials that may be used for low

CTE power and ground planes, general steps involved with using and making low

CTE power/ground planes from low CTE material will be discussed.

Turning now to FIG. 1, this figure illustrates three preferred configurations of
low CTE power and ground planes. Each of these configurations entails slightly
different processing steps to make and use a low CTE power or ground plane in a
PCB/LCC. The most preferred configuration of a low CTE power and ground plane
is shown as power/ground core 300. Power/ground core 300 comprises a low CTE
plane 304 sandwiched between two layers of fiber laminate 302, 305. Two clearance
holes 310 are shown; these holes have been drilled in power/ground core 300 to
provide clearance for PTHs after power/ground core 300 has been laminated together
with another power/ground core, and one or more signal cores. Laminating creates a
composite that will subsequently be drilled and metallized to create a PCB or LCC.
By laminating a low CTE plane 304 between two fiber laminate layers 302, 305, the

fiber laminate layers provide protection for the low CTE plane during drilling and



at | east one |ayer of conductive material, the conductive material having a
‘coefficient of thermal expansion (CTE) that is |lower than the CTE of a
copper pl ane, - 36 - 2 9 APR 2003 wherein the conductive nmateri al
conprises a netal-clad carbon or graphite sheet, and wherein the CTE of the

conductive material is less than 5 PPM C. 7%,90 z% und core for use in
printed circuit boards, the power/grpaind cor W g: at | east one
layer of fjihen,bariyaplesinaedhts 1Pashs 91'39b%%%fﬁ—rco%ti}ﬁ%%lﬂ(égﬁ&{%ti?%%gl'al’ the

conductive matefial having a‘coefficient o ermal expansion that is
| ower t hanththateCERbollingent,gppet/gpdumdesradidreduld bhe comndtict cogpasker i al
conprises netal-coated fibrous material woven into a fabric or formed into
random pap€?WeraBipied coipd OQkeyldithen hedammteglbet weendayrisiet narecardietical i s | ess

than 5 PP .. The power/ground core of c¢laim7 wherein . the fibr

i or a1 Do BeroRTRA ¢ BB Sors el TRy R iBD Sy e erminRisdn 1 ber
graphi te fiBgg withi dah@rqighamsfeés, P BGuntd BRYs; arorEloRMb&RR ﬂu&ﬁﬁa&nm%ar tz
fiber, and glass fiber.” 9. The power/ ground core of claim1 erein the at

| east one laggmwyinaf a PCBerommmit@ialtshodd e hetetl dtht brane3 0 emagraonjpllgamed st i ng
essentially of epox bi smal ei m de triazine_epoxy, cyanate ester,

Y, ;
pol yi i de, OFoPyRerrarTuehBeehgr beib sidorpEhe phoreyhasepul fibes lainpiplarrss and
f1 uoropol yps 3030 Thi\ARIdIE Bl fch UEHIA 1098, § (PCB), the PCB comprising: at
| east one signal” core, each si gnaq core conprising at | east one signal
| ayer and at |east one |layer of fiber [am nate; and at |east one
power/ ground core conprising: at |east one |ayer of fiber |amnate; and at

| east one | ayer FKF. kdsrisherissscond andithird lass pregeasredisonfigeratiensdor lw 6V ng a
coefficient of thermal, expansion (CTE) th i.s l.gwer than.the CTE of a
Copper pl PR o ARG A AR bt o oaeteds At an AR AR oot el
fibrous mapewéddroWRy Edte 30D Compfidddfal 16y @ of HBEMBRALN 924 ARARIBHRABEKVERDT I C,
and wherein the CTE of the conductive material is less than 5 PPM C. - 3~
- 2 9 APR RODBydrs of Tove OXEplafiesc22| 32 51 0A gdierfdienlanhieatalaylee a4 conz | ayer of
conduct | Veconductive or non conductive. Power/ground core 320 has been drilled with

clearance holes 330. Power/ground core 350 comprises a low CTE plane 352.

Similarly, power/ground core 350 has been drilled with clearance holes 360. These

are less preferred embodiments of power/ground cores because the low CTE plane is

exposed to potential drilling and handling damage. However, if enough care is taken

during handling and drilling, minimal or no damage to the low CTE materials making

the power/ground planes might result. Encapsulating low CTE 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 slightly different manner. In
general, power/ground core 300 will be laminated after an optional adhesion

promoting process (using chemicals such as silane) is performed on low CTE plane



material is two |ayers of conductive material, and wherein the at | east one
| ayer ,of fiber |amnate of the at |east one power/ground core is sandw ched
bet ween the two | ayers of conductive rrateri al. 12. The CB of claim 10
wherein the at |east one |layer of fiber néﬁanPf | east one
power/ground core is two |ayers of fiber t he at Ieast one | ayer
of conductive material being sandw ched bet ween the two |ayers of fiber

| ami nate. 1R4. ThenPEBp@f radrain dide Whig beicnalhvite dtllddaast clesendeaitss 0. fi ber
| am nate of the at |east one pomer/ground core i s non-conductive. 14. The
PCB of cl aulaﬂldm \Ahé:r»élarhlftlﬁeta%\ét inf lesaisaf poHerningyweith pliotpichier arldaatihing eecefiset he at

| east one pgwe rou conduct I nt.ed CI uit b

(PCB), the 15 Figbieiep e R PHGuVE peyiiriohe) Selftnst e %ﬁa{w

conpri si ng ﬁﬁroh@ﬁ%@en‘&@% SLA cahddse e@e}qdakdhﬁi%ﬁsum?eatﬂgﬁolgé 4 Rt

| am nate; and at | east one power/ground core conpri eas e |ayer
of flber|Ehﬁﬁ%mEWHWIQHBHMRﬁ&BﬂeﬁﬂeaiQMquDfﬂﬁﬂhdebeeﬂﬂﬁhﬁdb&k300he
conduci ve material having a coefficient of thermal expansion (CTE) that is
| oner than t@RdheTe lamizatedoinies conperdte Wear@ﬂwrpﬁwemu@d cerp@ng oRdieict i ve

material is LI% ?onapgore? Fhel\@o%po]sﬁe 1§Aihgﬁ 'drrfflee and gtgfllze(? ?f%r ETI({ISD)QB)R) the PCB

conpri si ng:
PCB or LCC. Optionally, power/ground core 350 can be drilled, treated with an

adhesion promoting 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 clearance holes and tooling holes, laser or other less damaging
drilling is preferred for power/ground plane materials that are susceptible to drilling

damage.

In general, power/ground core 320 may be formed by treating low CTE layers
322, 325 with an (optional) adhesion promotion process. A sheet of fiber laminate
(conductive or non-conductive) is then laminated between the two low CTE layers.
Drilling is usually performed next to create clearance (or tooling) holes 330.
Preferably, laser or other less damaging drilling would be used for power/ground
plane materials that are susceptible to drilling damage. Laser drilling has the
additional adv antage in this embodiment of patterning the two conductive, low CTE
layers with different clearance hole patterns. Filling of clearance or tooling holes
with insulating/dielectric material may be performed next. Power/ground core 320
may then be laminated into a composite along with another power/ground core and

one or more signal planes.



~at least one signal core, each signal core conprising at |east one signa

| ayer and at | east one |layer of fiber |lamnate; and at |east one
power/ground core conprising: at |east one |layer of fiber |am nate; and at
| east one | ayer of conductive material, the conductive nmaterial having a
coefficient of thermal expansion (CTE) thatziiAP\@g gBan the CTE of a
copper plane, - 38 - 2 9 APK Z003 wherein e conductive nmateri al

conprises a net ah gelepd. SRV Kd @raphi kay Shaflled. m&%@ﬂﬁdﬁb;&@ﬁaﬂ E of the
conductive material is less than 5 PPMC. 17. The PCB of clai'm 10 wherein

t he fi br ousdhstomrpramoiisg seteiat Guch ponsidne ogropper cadsitsthirgtiessient i al |y of

carbon fiber,. graphite f ber | quid crystal polyner fiber ol yet hyl ene
fiber, quafatnzm?ﬁegé ith t&ﬁdaxﬁraegh%rﬁémma&es@omp PR "9 AR EO R el n ¢ he

at | east oggfelﬁme 1on£1&p§0v)e?/g}orﬁ?8 %ox%fBStOQEr[l Bé FTlﬁ&?%re&gg vptcl)wer [{gLound core

is selecte rom t e gr con I'Ng essen ’I% m de
triazine erm(otmgys@é}ﬂbﬁd @eh @4 minA QY hivi aolﬁmﬁa@llteftvﬁh @ﬁéthb&%dwetrmma%oéﬂFE)

pol yt etraf [ uoroet'hyl ene, and fluoropolyner. 19. A nethod for nmeking a

printed cisevgral ligsayof Qb@@@mlnmeamm no@erpignali aegest Fer stseypse.06 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. 4), 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 laminate, and a second signal core

(such as signal core 130 of FIG. 4). This composite can then be drilled and metallized
to create a PCB/LCC.

As previously discussed, it is preferred that conductive materials used for low
CTE power or ground planes that are susceptible to drilling or handling damage be
formed into a power/ground core wherein the low CTE 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 low CTE
conductive material during drilling steps. This protection reduces the amount of
fibrous material that might be broken by the drilling process. A power core like
power core 320 (similar to power core 110 of FIG. 4) or power core 350 may also be
made, but drilling and/or handling might cause some splintering and cracking of the
low CTE material. Additionally, loose fibrous or carbon material may contaminate
some processing steps. By encapsulating the fibrous or carbon material and adding
insulator/dielectric into drilled holes, the fibrous material is less likely to contaminate

subsequent processing steps.



a) providing at | east one power/ground plane conprising at |east one |ayer
"of conductive nmaterial, the conductive material having a CTE that is |ower
than the CTE of a copper plane, wherein the CTE of the conductive materi al
is less than 5 PPMC;, b) formng a plurality of qpenihgs in the at |east
one power/ground plane; c) formng a corrpo%ig Aﬂﬁtﬁﬁﬁﬁe at | east one
power/ ground plane and at | east one Y gnal layer; d) fornming a plurality of
openi ngs i n t he Rajenoinginbey; todtiG. 2) sekemahtmss-secpdnat alemtsyof pbwpt atdegtotft ough
holes in the conposite. 20. The nethod of claim 19 wherein the step of
provi di ng &Presassinose 2l9agerig ke ep P& ¢ G made widoipye eoses. tHE. 3isam of
formng a p r ound care wth east,. ane | ayer fiber |amnate and
the at Iease%2 X\%H{eeqplés;/{rga?mgfa Hogvv?/r&c]'rﬁal?gh ?:rfl}e@é)or‘?ﬁ ?rlea};abl’zal?mﬁ ‘Y&t hod of

clai m 20 whenejddingl @buh®asit 100E dha¥eix-Rie PR A@MMALS: i9lsdd R an
power/ground core is selected fromthe group consisting essentially - 39

- 2 9 APR 2dlC.oPoepoooye 100Gwas firmied &y tpeifamiing ae pdhegiongyramnating protess,on
POl O, o O et e i ek o et Iy e and
laminate 1002 and 1005. Low CTE power plane 1087 in this instance is a graphite
layer 1004 that has metal layers 1097, 1098 formed on its surface. Power core 1000
was then drilled to create clearance holes 1082 and 1079. Conversely, a “normal”
CCL power core would have been etched, after a photoresist mask would have been
applied, to create an imaged power core (i.e., power core 111 of FIG. 4). Because
etching may not be possible on some of the low CTE, conductive materials used for
power/ground planes or on fiber laminate, drilling is the preferred method of creating

clearance holes. Power core 1000 and 1001 in this example is essentially a low CTE,

conductive layer sandwiched between two non-conducting fiber laminates.

Ground core 1010 was formed by performing an adhesion promoting process
on low CTE ground planes 1012, 1015 (which are, in this instance, metal-coated
fibrous materials), 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 between
two layers of low CTE, conductive materials). Although not shown in FIG. 2,
dielectric or other insulator may be added to power core 1001 and ground core 1011

to fill the clearance holes in these cores.



22. The nethod of claim 20 wherein the at | east one |ayer of conductive
"“material is two |layers of conductive material, and wherein the step of
form ng a power/ground core conprises the step of sandw ching the at | east

one layer of fiber |am nate between the t onductive material .
23. The nethod of claim 22 wherein the st\é\&g@gtﬁdmg ing the at | east one
| ayer of fiber |amnate between the 280 | ayers of conductive materi al

conpri ses the s€Cepsruifgeosapsiv fibenigyerhidlata prefested omehddyfanalihg danduct i ve

mat eri al P/ usi ng an inpregnation process, and | am nating the encapsul at ed
conducti ve amlém @dd % P%Wfélbéfa@@“@ﬁé@‘f@%frpcﬁtﬂfg mﬁéberwﬁﬁér/mﬁm layer24. The

nmet hod of Ial in the oneI of, fi | amnate is two
| ayers of ﬁflﬂ% alngﬂ? hoé]t’ © Cé’r‘?ae\/\ﬁi‘é)}lge(ﬁsq pute &y 'ﬁyitffo’r‘%*f"r‘h‘ Hﬁ fipe JIRX@F/ gr ound
core conprpafRs c&ﬁﬁ‘éi’i&z&hll&g xﬁi}%@éseheﬁ%o &HH ohﬁi/%fpeQBf ﬁ?&%&%h%@ pRterial
bet ween the two | ayers of Ber | am nat'e. he power/ground core of

cl ai m 20 wtés ller aht dayat rriammﬂ hasthe Ibayefits of ba‘mg)ﬁellativam inetpensise and being

non- conductive. 26. The ovver/ round core of claim20 wherein the at | east
one | ayer SAMEPRYUSEGA iRt i ve. 27. The nethod of claim 19

further conprising the step of coating the conductive material with
additional netal. 28. The nethod of claim19 further conprising the step of

perfornm ng an agiesineRoRds HADE bekh MEINLGES] RBulhide aliddd, FHEsiccl) difiddr ¢Bre
material . 29. The nethod of claim 28 wherein the adhesion pr onoti ng process

is a coppelOQimrdegromIEqum h01 oaregheri prgssed togstitenaubang with patterned signal
cores 101, 130 and fiber laminate layers 1096, 1095, and 1099, to form a composite.
This composite is drilled and metallized to create PTHs. After attaching components
to the PCB/LCC, exemplary six layer PCB/LCC portion 1020 results. Fiber laminate
layers 1095, 1096, and 1099 are non-conductive, dielectric layers used to isolate
signal, power and ground cores. In addition, these layers adhere the power, ground,
and signal cores together. Power core 1001 does have a fiber laminate layer 1005 that
could be used to adhere power core 1001 to ground core 1011. Similarly, fiber
laminate layer 1002 of power core 1001 could adhere to signal core 101. In general,
however, fiber laminate layer 1005 (and 1002) will be fully cured, which means that
another fiber laminate layer will have to be used to bind the power, ground, and signal
cores together. Some fiber laminates, once fully cured, will no longer reflow enough
to adhere sufficiently to another layer. It is possible to partially cure these layers,
which would allow some reflow when lamination of the cores occurs. In addition,
some fiber laminate layers will reflow multiple times and will provide sufficient
adhesion between cores. In these instances, fiber laminate layers 1095, 1096 may not
be needed for adhesion. Although fiber laminate layers may not be required in these

instances for adhesion purposes, there may be other reasons for using additional fiber



- 40.- 2 9 APR ~00~ 30. The nethod of claim 19 wherein the | ow CTE
conductive material conprises a netal clad carbon or graphite sheet. 31.
The net hod of claim 19 wherein the conductive material conprises
metal -coated fibrous material woven into a fabric or formed into random
paper fabric. 32. The method of claim 31 V\:h(-'.z m 3)rous material is
sel ected fromthe group consisting edentialtTy o car bon fiber, graphite
fiber, Ii qua%ﬁJithIy%l-s (@f?dhyzﬁqéx Jr'l@@f) l*?)?lﬁ's%nhé’hAP&tet LRE, vcaIQH@.YIST?mfl'S ber, and
gl ass fiber. . N . Ar. ,&;
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ca] ca] ca] c&al)] c&pirf H#51 §milar to PTH 109 of FIG. 4. joins pad 103 (and a C4 ball 107)

and a line on layer 135 of signal core 130 with power plane 1001. In this example,
power plane 1001 comprises conductive plane 1087, which actually has three
conductive layers (graphite layer 1004, and two metal layers 1097, 1098). All three
layers of conductive plane 1087 are in contact with PTH 1009 in this example.
Clearance area 1080 prevents PTH 1009 from connecting to ground core 1011.
Similarly, PTH 1006, similar to PTH 106 of FIG. 4, joins lines on layer 102 of signal
core 101 and on layers 135, 132 of signal core 130 with ground core 1011. Ground
core 1011 comprises three conductive layers (two low CTE planes 1012 and 1015,
and one conductive fiber laminate 1014), all of which are connected to PTH 1006.

Clearance area 1079 prevents PTH 1006 from connecting to power layer plane 1087.
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layers, thinner, or thicker layers of fiber laminate may be added if needed.

Comparing six layer PCB/LCC 1020 of FIG. 2 with six layer PCB/LCC 120 of FIG.
4, the major differences are that PCB/LCC 1020 has separate power and ground cores
and that these power/ground cores are formed differently than normal CCL cores.
PCB/LCC 1020 also has low CTE power and ground planes that comprise a large
portion of the LCC. Signal layers 102, 105, 132, and 135, while having some metal,
mainly contain fiber laminate. The overall CTE of the signal cores 101 and 130 will,
therefore, be close to the CTE of the fiber laminate layers 104 and 134. If low CTE
dielectric is being used in these fiber laminate layers, the CTE will be low. High PCB
CTE in this case will be mainly caused by the metal layers of the power/ground core,
which is usually a CCL. In this instance, the copper in the CCL drives the CTE of the
power/ground core because of the amount of copper in the power and ground planes.
This high CTE of the power/ground core raises the overall CTE of the PCB, leading
to potential shear induced debonding, dielectric or chip cracking, tensile stress on

chips attached to the PCB (used as a LCC), and other deleterious effects.

In FIG. 2, however, ground plane 1011 comprises metal-clad, low CTE
fibrous materials. In addition, power plane 1087 comprises a metal-clad graphite
sheet. Both of these planes contain a substantial amount of low CTE materials, which
lower the total CTE of the core. Thus. both cores have lower overall CTEs than an
equivalent CCL core, and these lower overall CTEs diminish the total CTE of the
PCB/LCC. Additionally, the low CTEs of the cores are achieved without the use of

alternative metals (such as invar, stainless steel, and molybdenum) that can create a
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multi-step etching, and complicated waste treatment.

A preferred method of forming a power or ground core (such as power core
1000) containing low CTE conductive material in accordance with the current
invention is shown in FIG. 3. Method 400 of FIG. 3 is preferably used to form both
the power and ground cores and to combine the power and ground cores into a
composite PCB or LCC. This method is also used for the preferred embodiments
wherein low CTE conductive material is sandwiched between two layers of fiber
laminate, as in power plane 1000. This embodiment allows more protection for the
internal low CTE, conductive material. In addition, fiber laminate can help “seal”
metal-covered fibrous materials and other loose materials, which helps to keep the
fibrous material internal to the laminate. This is particularly helpful in the case of
carbon materials, which could potentially contaminate portions of the PCB/LCC and
the manufacturing process. Method 400 begins when an optional thin layer of metal
coating is made over the low CTE material being used (step 410). The metal-clad
fibrous materials of the present invention generally have enough metal to carry the
required current; if additional current carrying capacity is needed, more metal may be

formed on the fibers in step 410.

Additionally, if the preferred low CTE materials of the present invention have
not been metallized, then the materials can also be metallized in this step. For
instance, if an non-metallized carbon fiber tow is being used as the low CTE material,
the tow could be metallized and then formed into a woven fabric in step 410. The
fabric could then have additional metal added onto the fabric, if desired, in step 410.

In the specific example of power core 1000, a graphite layer 1004 is coated with
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S8f 109Z& ( }ﬁeta@%Q%%ﬁﬁ s(laés)in s{ep 410#9@@9%w¥9%a§e (12)87. In short, step 410 may be
usad be w1 to metallize those materials that are not coated with metal and to add
additiorzl metal to materials that are already coated with metal. The types of
preferrea materials to be used for power and ground planes will be discussed in detail

after method 400 is discussed.

The low CTE material is then optionally treated with an adhesion promoting
chemical process or copper oxide treatment (step 420). Next, the conductor is
laminated or sandwiched between fiber laminate (step 430) to form an encapsulated,
low CTE power or ground core. In general, standard lamination processes will be
used to laminated the low CTE ground/power material. Alternatively, the fibrous,
low CTE materials may be impregnated with resin using a standard impregnation
process (step 433). This standard impregnation process essentially encapsulates the
fibrous material. The resin impregnated cloth is then laminated against a release sheet
or a roughened copper foil. If a roughened foil is used, it can either be etched off
(step 437) or left on through drilling (step 440). The release sheet will generally be '
removed (step 435) prior to drilling.

Because fiber laminate generally cannot be etched to form the necessary
electrical clearance holes (and other openings), these openings are formed in the
power/ground core (step 440). Generally, the openings will be formed by drilling the
clearance hole pattern or tooling holes into and through the laminate and low CTE
plane. Drilling can either be done by mechanical drills or by use of a laser or other
similar hole-making apparatuses. If roughened foil had been laminated on the low
CTE material (step 435) and not removed (in step 437), it is now removed by etching

(step 445). At this point, the openings can be refilled with pure resin, resin containing
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power ground core can be formed into a composite. preferably by re-laminating or
pressing into a composite board structure (step 460). Extra resin from fiber lamirate
flows into and fills the dnilled power plane holes during the lamination cycle if the
holes were not filled in step 450. Re-drilling to create the holes used for PTHs, and
metallization of these holes, may be performed next (step 470). After step 470, a

PCB/LCC similar to PCB/LCC 1020 should exist.

While method 400 is the preferred method for making PBCs or LCCs with
low CTE power/ground planes, the steps in method 400 may change slightly
depending on the configuration of power/ground core used. For instance, two layers
of low CTE, conductive material can be laminated on a fiber laminate, such as
previously shown in power and ground core 320 of FIG. 1. In this embodiment, the
processing steps remain very similar to those shown in method 400. For example,
steps 410 and 420 of method 400 may be performed to add additional metal to the
conductive material and to promote adhesion, respectively. A sheet of fiber laminate
(conductive or non-conductive) could then be laminated between the two low CTE
layers. In addition, the liquid resin impregnation step (step 433) may be performed
prior to laminating a fiber laminate layer between two layers of low CTE, conductive
materials. Drilling is then usually performed to create clearance or tooling holes (step
440). Preferably, laser or other less damaging drilling would be used for
power/ground plane materials that are susceptible to drilling damage. Laser drilling
has the additional advantage in this embodiment of patterning the two conductive,
low CTE layers with different clearance hole patterns. Filling of clearance or tooling
holes with insulating material may be performed at this stage (step 450).

Power/ground core 320 may then be pressed into a composite (step 460) along with
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laminate layers. Then, the composite will be drilled and metallized to create a

PCB/LCC (step 470).

In addition, a power/ground core similar to power/ground core 350 of FIG. 1
may also be used to create a power or ground plane. In this embodiment, the
processing steps used to create a power and ground plane differ somewhat from
method 400. For example, drilling (step 440) could take place before or after step
410 (if performed). The low CTE conductive plane then might be treated with an
optional adhesion promoting material (step 420), and laminated with two layers of
fiber laminate (conductive or non-conductive) to form core 300 of FIG. 1. In this
embodiment, step 450 will generally be unnecessary, as the lamination process should
fill the holes with fiber laminate. Optionally, a low CTE, conductive plane similar to
power/ground core 350 can be drilled, treated with an adhesion promoting step (step
420), and then pressed into a composite (step 460) with another power/ground core,
several layers of fiber laminate, and one 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. 2. A higher or lower number of layers may be
formed by adapting the processes of method 400 to that particular number of layers.
For instance (referring back to FIG. 2), if a four layer PCB is desired, a power core
1000 could be laminated on the outer surface of 1002 with a copper layer. Then
drilling could form a power core 1001. Similarly, a ground core 1010 could be
laminated on the outer surface of 1015 with a fiber laminate and a copper layer. Then

drilling could form the ground core 1011. The openings created in the power and
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ground cores during drilling could be ;;ed with nsulator. The two copper laminate
layers could then be patterned and the two power and ground cores formed into a
composite. Drilling and plating for PTHs could be performed to create a PCB.
Alternatively, drilled power core 1001 and drilled ground core 1011 could be formed
into a composite with layers in the following order: a copper layer. an optional non-
conductive fiber laminate layer, power core 1001, ground core 1011, a non-
conductive fiber laminate layer, and a copper layer. Then the two copper layers could
be patterned into signal layers and the composite drilled and metallized to create a

four-layer PCB.

The manners of using low CTE materials to make low CTE, conductive power
and ground planes have now been discussed in a general sense. These methods and
materials may be used with any of the particular low CTE, conductive materials
discussed below. If there are any additional processing steps that are preferred for use
in order for a material to be formed as a power or ground core, these steps will be

discussed in relation to the power/ground material.

The most preferred embodiment of a power/ground plane that contains a low
CTE material is a graphite or carbon sheet that has copper on one or both sides.
Graphite is a naturally occurring, conductive material made of carbon. The term
“graphite” refers to a peculiar and particular arrangement of carbon atoms. Graphite
may be formed naturally or may be man-made. While there is somewhat of a
crystalline structure in graphite, graphite’s electrical conductive properties are
primarily anisotropic. Very pure crystalline graphite will have excellent electrical and

thermal conductivity and a negative CTE. Bulk graphite will generally have a much
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lower electrical and thermal conductivity. and will have a low positive to negative

CTE.

Tnose skilled in the art will realize that graphite or carbon sheets suitable for
use as the base material for power/ground planes may be made in any number of
ways. For instance, bulk graphite may be sintered or compressed into a thin graphite
sheet. Graphite sheets may be made through chemical vapor deposition, which
creates highly ordered pyrolytic graphite. The latter sheets tend to be fragile,
however, and are very costly. In addition, graphite sheets may be formed by winding
carbon fiber around a core to create a carbon fiber spool, removing the core, pressing
the spool flat, and then graphitizing the spool under high heat. In certain situations,
this results in a sheet wherein the carbon fibers have lost all orientation and shape,
and the sheet is essentially better crystallized, more pure graphite. These methods of

forming graphite/carbon sheets are well known in the art.

By depositing metal on graphite or carbon sheets, the combined material has a
lower CTE. Metal can be deposited on graphite by a number of methods that are well
known to those skilled in the art. For instance, sputtering, evaporation, or chemical
vapor deposition may be used to deposit metal on graphite. These metal cladding
methods will be described in more detail below. Metal may be clad on one or both
sides of the graphite sheet, although having metal clad on both sides of the sheet is

preferred because this provides more metal and increased current carrying capacity.

This metal-clad graphite or carbon material can be used with and formed into
PCBs and PCBs used as LCCs in the manners shown and described above. For

instance, this conductive sheet may be used to make a power/ground core similar to
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power/ground core 300. 320, or 350. The resultant PCBs'LCCs will have overall low
CTEs, which reduce shear induced debonding and cracking of chips and C+4

connections.

Additional preferred materials for creating low CTE, conductive power and
ground planes may be loosely referred to as fibrous conductive materials. These
preferred additional materials include metallized fabrics (such as liquid crystal
polymers), metallized carbon fiber fabric, and metallized glass fibers. Fabrics 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. Random paper fabrics have no identifiable fiber structure.

For instance, a preferred material suitable as a low CTE power/ground plane is
metal-coated, low-CTE organic fibers, such as liquid crystal polymers (LCPs). LCPs
are made by several companies, and some of these fibers are better known by their
trademarks. Aramid is an LCP made by DuPont that, in some versions, is called
KEVLAR. VECTRAN is an LCP made by Hoechst-Celanse. These fibers have
CTEs on the order of about -5 to 5 Parts Per Million per degree Centigrade (PPM/°C).
In addition, these fibers offer thermal stability. Additional types of organic fibers,
which have CTEs similar to those offered by LCPs, that are suitable for use with the
current invention include SPECTRA (which is a polyethylene made by Allied
Signal). These materials may be purchased in woven and random paper fabrics.
Additionally, some LCPs may be purchased already clad with metal. For instance,

ARACON is a DuPont trademark for metal-clad aramid fibers.
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While some of these organic fibrous materials may be purchased as coated
fabric, metal-coated organic fibrous material suitable for use as a power or ground
plane may be also made by the following steps. First, the organic fibrous material is
placed into a chamber and held in a slightly stretched and/or flat position. Having the
material stretched or flattened ensures that metal will evenly cover exposed surfaces.
Metal is then deposited on the organic fibrous material. Such deposition may be
performed in a number of manners, including plating, sputtering, evaporation, or
chemical vapor deposition. If desired or necessary by the process, the organic fibrous
material may be turned over and more metal deposited. For instance, if sputtering is
used, metal will usually be deposited only on one surface of the fabric. While the
fabric may be used 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.
Alternatively, the fabric may be sputtered on both sides simultaneously using a roll-
to-roll format. After sputtering or chemical vapor deposition, even more metal may
be added to the fabric by means of conventional plating. This additional metal will
increase the current carrying capacity of the metal fabric power/ground planes. These
processes may also be used to coat carbon or graphite sheets, discussed above, with
metal. In addition, these processes may also be used to coat other preferred low CTE
materials, discussed below, with metal. Furthermore, these techniques may also be

used to coat carbon or graphite sheets, described above, with metal.

Once formed into a metallized fibrous sheet, these low CTE, conductive
sheets may be used to make a power/ground core similar to power/ground core 300,
320, or 350. Additionally, any of the previously discussed methods for making these

cores and integrating them into a PCB/LCC may be performed.
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Another most preferred metallizae::i fibrous material suitable for use as a power
or ground plane in PCBs or LCCs is metal-coated carbon or graphite fibers. Because
carbon or graphite fiber comes both as a weave and as single yarn or tows.
metallization of the fiber may occur in both states. For instance, metal may be
deposited onto carbon or graphite fiber fabric. Alternatively, metal may be deposited
onto carbon or graphite fibers and the carbon or graphite fibers woven into cloth or
fabric. Carbon and graphite fibers may be bought already coated with metal and
already formed into a tow or yarn. This tow or yarn can then be used to weave a
relatively flat woven fabric. In addition, carbon fiber may be bought in a random
paper sheet. Any carbon fiber with a low CTE (preferably less than 2 PPM/°C) may

be used with embodiments of the present invention.

As an example, a 1 K (1000 6 micrometer fibers per yarn or tow)
graphite/carbon fiber tow can be plated with between 50 to 60 weight percent of
copper. This plated tow can then be used to weave a 30x30 thread per inch plain
weave fabric. As explained in reference to FIG. 3, one method of manufacturing a
power/ground core is to treat this fabric with an adhesion promotion step, such as a
silane coupler or copper oxide conversion process. The treated fabric is impregnated
with resin using a standard impregnation process. The resin impregnated cloth is then
laminated against a release sheet or a roughened copper foil. If a roughened foil is
used, it is generally etched off at this point. The release sheet is removed and the part
is then drilled with a clearance hole pattern. In this example, the patterned power
plane is then laid up into a composite and adhered to with fiber laminate sheets. The
composite is then drilled and plated normally. Where the drill penetrated the

carbon/composite fabric, a PTH connection is made. The fabric is a tight weave and
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provides an essentially continuous lay er so that a connection can be formed under any

drilled hole location.

Following this process can yield a power plane that is 60% by volume metal-
coated carbon fiber, and will have a CTE of about 9 PPM/°C. This CTE isa
considerable reduction over the CTE of a solid copper plane, which is about 17
PPM/°C. The 9 PPM/°C figure was generated by using a carbon fiber having a CTE
of about 2 PPM/°C. Even lower CTEs may be achieved by using graphite fiber
having lower CTEs. Carbon and graphite fiber CTEs range from about -1.4 PPM/°C
to about 2.0 PPM/°C. This power/ground plane should have the current-carrying
capability of about 1 ounce of pure copper, but the thickness of the structure will be

about 3-4 mils thick instead of the 1.4 mils thickness of 1 ounce of copper.

In addition, carbon fiber and graphite are relatively inert with respect to most
standard PCB chemical processes. Thus, etching and other processes tend not to

affect the carbon fiber and graphite.

Once formed into a metallized fibrous sheet, these low CTE, 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 previously
discussed methods for making these cores and integrating them into a PCB/LCC may

be performed.

Another preferred embodiment that is fibrous and has a low CTE is metallized
glass or quartz fibers. As with carbon fiber, glass and quartz fibers may be bought as

individual fiber yarns or as sheets of woven or random paper fiber. The yarn strands
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may be metallized and then formed into fabric, or the already formed sheets of fiber
may be metallized. Additional metal may be added to each fabric to yield additional
current carrying capability. 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 coated with metal, or fabrics coated with metal. In
addition, glass fiber sheets may be purchased that are in random paper format. These

sheets can be metallized using the previously discussed methods of metal deposition.

Glass comes in a wide variety of forms, many of which are achieved by
adding certain “impurities” to silica. For instance, S-glass is a silica-alumina-
magnesia compound that can be wound into fibers or not wound; E-glass is a lime-
alumina-borosilicate (Ca-Al,0;-Si0,) compound that is primarily used in woven
fabrics; and D-glass is a glass possessing a low dielectric constant. Common glass
fibers have CTEs in the range of about 1-3 PPM/°C. For instance E-glass has a CTE
of about 2.8 PPM/°C, while S-glass has a CTE of about 1.6-2.2 PPM/°C.

A power/ground core formed using copper coated glass and laminated with
resin (as in method 400) can have a CTE of about 12 PPM/°C at about 60 percent by
volume of metal-coated glass fiber. Again, this CTE is a considerable reduction over
the CTE of a solid copper plane (or a PCB made with solid copper planes) which is
about 17 PPM/°C.

Once formed into a metallized fibrous sheet, these low CTE, conductive
sheets made of metallized glass fibers may be used to make a power/ground core

similar to power/ground core 300, 320, or 350. Additionally, any of the previously
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discussed methods for making these cores and integrating them into a PCB/LCC may

be performed.

It should be noted that the fibrous materials used as power and ground planes
in the present invention are also porous to water and other solvents. Being porous to
water and other solvents reduces delamination of fiber laminate layers and the
incidence of cathodic/anodic filament growth in PCBs. Porous power/ground planes
are discussed in copending application EN9-98-002, “POROUS POWER AND
GROUND PLANES FOR REDUCED PCB DELAMINATION AND BETTER
RELIABILITY.”

Thus, the embodiments of the present invention provide a variety of low CTE
materials that may be used to create power/ground cores that form the basis of PCBs
or PCBs used as LCCs. These low CTE materials, when formed into power/ground
cores, reduce stresses on layers of the PCB/L.CC and the chips and chip connections
attached thereto. These reduced stresses are particularly beneficial in PCBs used as
LCCs because chips are attached directly to the LCC and cannot tolerate very much
tensile stress before cracking. The fibrous embodiments of the present invention have

the additional advantage of being porous to water or other solvents.

Although copper has been mainly discussed as the metallization metal, those
skilled in the art will realize that techniques used to deposit copper may also be used
to deposit silver, gold, aluminum, tin, etc. In addition, even if copper is used as the
base metal for metallization, additional 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.
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1. 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
having a coefficient of thermal expansion (CTE) that is lower than the CTE of a
copper plane, and wherein the CTE of the conductive material is less than 5 PPM/C.

2, The power/ground core of claim 1 wherein the at least one layer of
conductive material is two layers of conductive material, the at least one layer of

fiber laminate being sandwiched between the two layers of conductive material.

3. The power/ground core of claim 1 wherein the at least one layer of
fiber laminate is two layers of fiber laminate, the at least one layer of conductive

material being sandwiched between the two layers of fiber laminate.

4. The power/ground core of claim 1 wherein the at least one layer of

fiber laminate is non-conductive.

5. 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 having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
wherein the at least one layer of fiber laminate is conductive, and wherein the

CTE of the conductive material is less than 5 PPM/C.

6. 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 having a

coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
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wherein the conductive material comprises a metal-clad carbon or graphite

sheet, and wherein the CTE of the conductive material is less than 5 PPM/C.

7. 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 having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,

wherein the conductive material comprises metal-coated fibrous material
woven into a fabric or formed into random paper fabric, and wherein the CTE of the

conductive material is less than 5 PPM/C.

8. The power/ground core of claim 7 wherein the fibrous material is
selected from the group consisting essentially of carbon fiber, graphite fiber, liquid
crystal polymer fiber, polyethylene fiber, quartz fiber, and glass fiber.

9. The power/ground core of claim 1 wherein the at least one layer of
fiber laminate is selected from the group consisting essentially of epoxy,
bismaleimide triazine epoxy, cyanate ester, polyimide, polytetrafluoroethylene

(PTFE), polytetrafluoroethylene, and fluoropolymer.

10. A printed circuit board (PCB), the PCB comprising:

at least one signal core, each signal core comprising at least one signal layer
and at least one layer of fiber laminate; and

at least one power/ground core comprising:

at least one layer of fiber laminate; and

at least one layer of conductive material, the conductive material having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
and wherein the conductive material comprises metal-coated fibrous material woven
into a fabric or formed into random paper fabric, and wherein the CTE of the

conductive material is less than 5 PPM/C.
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11. The PCB of claim 10 wherein the at least one layer of conductive
material is two layers of conductive material, and wherein the at least one layer of
fiber laminate of the at least one power/ground core is sandwiched between the two

layers of conductive material.

12. The PCB of claim 10 wherein the at least one layer of fiber laminate
of the at least one power/ground core is two layers of fiber laminate, the at least one
layer of conductive material being sandwiched between the two layers of fiber

laminate.

13.  The PCB of claim 10 wherein the at least one layer of fiber laminate

of the at least one power/ground core is non-conductive.

14.  The PCB of claim 10 wherein the at least one layer of fiber laminate

of the at least one power/ground core is conductive.

15. A printed circuit board (PCB), the PCB comprising:

at least one signal core, each signal core comprising at least one signal layer
and at least one layer of fiber laminate; and

at least one power/ground core comprising:

at least one layer of fiber laminate; and

at least one layer of conductive material, the conducive material having a
coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
wherein the CTE of the conductive material is less than 5 PPM/C.

16. A printed circuit board (PCB), the PCB comprising:

at least one signal core, each signal core comprising at least one signal layer
and at least one layer of fiber laminate; and

at least one power/ground core comprising:

at least one layer of fiber laminate; and

at least one layer of conductive material, the conductive material having a

coefficient of thermal expansion (CTE) that is lower than the CTE of a copper plane,
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wherein the conductive material comprises a metal-clad carbon or graphite sheet, and

wherein the CTE of the conductive material is less than 5 PPM/C.

17.  The PCB of claim 10 wherein the fibrous material is selected from the
group consisting essentially of carbon fiber, graphite fiber, liquid crystal polymer
fiber, polyethylene fiber, quartz fiber, and glass fiber.

18.  The PCB of claim 10 wherein the at least one layer of fiber laminate
of the at least one power/ground core is selected from the group consisting
essentially of epoxy, bismaleimide triazine epoxy, cyanate ester, polyimide,

polytetrafluoroethylene (PTFE), polytetrafluoroethylene, and fluoropolymer.

19. A method for making a printed circuit board (PCB), the method
comprising the steps of:

a) providing at least one power/ground plane comprising at least one
layer of conductive material, the conductive material having a CTE that is lower than

the CTE of a copper plane, wherein the CTE of the conductive material is less than 5

PPM/C;

b) forming a plurality of openings in the at least one power/ground
plane;

c) forming a composite with the at least one power/ground plane and at

least one signal layer;
d) forming a plurality of openings in the composite; and

e) forming a plurality of plated through holes in the composite.

20.  The method of claim 19 wherein the step of providing at least one
power/ground plane further comprises the step of forming a power/ground core with
at least one layer of fiber laminate and the at least one layer of low CTE conductive

material.

21.  The method of claim 20 wherein the at least one layer of fiber

laminate of the power/ground core is selected from the group consisting essentially
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polytetrafluoroethylene (PTFE), polytetrafluoroethylene, and fluoropolymer.

22.  The method of claim 20 wherein the at least one layer of conductive
material is two layers of conductive material, and wherein the step of forming a
power/ground core comprises the step of sandwiching the at least one layer of fiber

laminate between the two layers of conductive material.

23.  The method of claim 22 wherein the step of sandwiching the at least
one layer of fiber laminate between the two layers of conductive material comprises
the steps of encapsulating the at least one layer of conductive material by using an
impregnation process, and laminating the encapsulated conductive material with

release sheets or roughened copper foil.

24,  The method of claim 20 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 least one layer of conductive

material between the two layers of fiber laminate.

25.  The power/ground core of claim 20 wherein the at least one layer of

fiber laminate is non-conductive.

26.  The power/ground core of claim 20 wherein the at least one layer of

fiber laminate is conductive.

27.  The method of claim 19 further comprising the step of coating the

conductive material with additional metal.

28.  The method of claim 19 further comprising the step of performing an

adhesion promoting process on the low CTE conductive material.

29.  The method of claim 28 wherein the adhesion promoting process is a

copper oxide treatment or a silane treatment.
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30. The method of claim 19 wherein the low CTE conductive material

comprises a metal clad carbon or graphite sheet.

31.  The method of claim 19 wherein the conductive material comprises
metal-coated fibrous material woven into a fabric or formed into random paper

fabric.

32. The method of claim 31 wherein the fibrous material is selected from
the group consisting essentially of carbon fiber, graphite fiber, liquid crystal polymer
fiber, polyethylene fiber, quartz fiber, and glass fiber.



