5 DEC 2003 1 A METHOD FOR FORM NG A PRI NTED CI RCU T BOARD AND A PRI NTED
'CIRCU T BOARD FORMED THEREBY Field of the Invention 5 The present i nvprt ygn
relates to a printed circuit board which reduces el ectromagnetic
interference, and nore particularly to a printed circuit board

i ncorporating distributed capacitance therein. 10 Background of the

I nvention Printed circuit boards (PCBS) are commonly used to provide a

"t eqrated of P HEDIBRPORANEA PRl CRCHTREUARD ablfed and 15
interconnected. The ip mﬁ@mé?ﬁgg@o%gg%mgwmgﬁ%@y | ayers of

patterned traces of netal, typica r, on and in the PCB. To neet
nore conpact requirenents, nmulti-layered PCBS with nultiple |ayers of
patterned netal traces are used. . Such PCBS conprise alternate |ayers of

i nsul ation and patterned netal tHgceef thg MyentiQt connecti ons between 20 the
patterngd netal traces through the layers of insulation by vertical vias
or plated through holes. Typically, in a four layer PCB i.e. one having

four patterned Thaypresait imvtatiohr @laies tiohe privtedneiecuitdsdardaywhich provi de a
common el ectrical power plane and a common e] ectrical . Lgr ound pl ane,
respect i veligdUucss eegtromagneticuntesiermnaam @mptmorespanicypelvata apratted

circuitry : Lal: P .ahl t . signals at high
frequenci egd?{) lg]rggtﬁkg 1%8?1@%%@% gggﬁ%%gé,&p\ggﬁgaggev%\%ggﬁlé fluctuations
bet ween the power and ground planes. Such fluctuations, often referred to
as electromagnetic interference (EM) or_ noise, is undesirable. The conmon
ground 8nd common power pl andick@rrHng efuthe Invgpdial PCB have a capacit ance
val ue which helps to reduce EM, however for nost applications a |arger
capacitance is required to 5 DEC 2003

Printed circuit boards (PCBS) are commonly used to provide a
mechanical structure on which discrete electronic components, sﬁch as
integrated circuits, resistors, capacitors and the like, are mounted and

15 interconnected. The interconnections in a PCB are provided by layers of
patterned traces of metal, typically copper, on and in the PCB. To meet
more compact requirements, multi-layered PCBS with multiple layers of
patterned metal traces are used. Such PCBS comprise alternate layers
of insulation and patterned metal traces, with interconnections between

20 the patterned metal traces through the layers of insulation by vertical
vias or plated through holes. Typically, in a four layer PCB i.e. one
having four patterned layers of metal traces, the two inner most layers
provide a common electrical power plane and a common electrical
ground plane, respectively, for all the circuitry on the PCB.

25 The operation of circuitry on a multi-layered PCB, especially where
there signals at high frequencies of around 50 megahertz or more,
causes voltage fluctuations between the power and ground planes. Such
fluctuations, often referred to as electromagnetic interference (EMI) or
noise, is undesirable. The common ground and common power planes

30 in a multi-layered PCB have a capacitance value which helps to reduce

EMI, however for most applications a larger capacitance is required to




2 further reduce the EM to neet EM standards set by state regul atory

bodi es. A nethod of controlling EM is to decouple the power and g%@@ﬁd

pl anes by inserting discrete capacitors at various |ocations on a - 2083
particularly at |ocations where the power and ground planes couple to power
input termnals of an integrated circuit_mounted on the PCB. A

di sadvantage of this nethod is that di scfete capacitors consune scarce

real estate on the PCB, and in addition, at high frequencies, discrete
capaci t or s Butherreduee ghe FVbke meetpEMlistangaeds sct byestdée oegliliangry 10

Anot her relg&ﬁ\égly new nmet hod of controlling EM is disclosed in US patent
5,079, 069 assigned to Zycon Corporation, which provides a capacitive PCB

that includes aAGapeEfdd 6f chatiolEhg BNYid'e dchbdble &?@EBW&S&% ﬁ?&ﬁ&@%bet ween
t he power and ground planes. The cCapacitor |am nate extends through out

the PCB, i nelangisrey imesntinghdispirete capmetorsbat vaens 1dtatibhgloncaPaiB t ance of
the capacitor |am nate provides effective decouypling of. EM, however, a
di sadyaﬁstcaggalbtfc Tﬁf@' %fqggélqnss Wﬁﬁfe g#’l‘é POWﬁrg%nagﬁaH ]_@ém\?aﬂq}kp 810t he
capaci tor | powBRSpLeeIiRMAINdTiRfiteat MRAIANCEITholibRed N Bl PLEEGE. ThI S

i s because the capacitance of the capacitor [amnate is I nversely
pr opor t i onaflisadvahtaghpt knissmetlhiod hie thatidistrete napheitsigoahsutireaserce

i npedance i s directl 0 ional. to.the thickness of the |am nate.
Conﬁs equent [ {2 teﬁga | %‘Fu Q@S%@%t Qﬂge‘_no"fld_%ﬁé’rba%fam CAYATRS disgrste
relatively edfcindrd KRR 164, BIRIEHCIH BRoPMAL: dREEUDE WouDlih 2l L he sane

tinme the small thickness of the capacitor ate reduce 5 i npedance
of the ¥ignal tAnednielatvely mewimethodpdanteilimg BMI iFdésdosghin USice

comon ot HOBEH: 5 REPAAE0 ABSiEnet Fy A Pob SRePOTR SR AREIET BrHGdF 8a vl ues
115,V B AR £ S SEINE MO B4R 5,000
: : g the capacitor Tam nate ihproVes decoupling

in a PCB, téapacitangs easkiet bgtween the power and ground planes. The capacitor

laminate extends through out the PCB, including locations with signal

15  traces. The high capacitance of the capacitor laminate provides effective
decoupling of EMI, however, a disadvantage of this method is that the
--—high capacitance value of the capacitor laminate reduces the trace

impedance of the signal traces.

This is because the capacitance of the capacitor laminate is

20 inversely proportional to the thickness of the laminate, while signal
trace impedance is directly proportional to the thickness of the
laminate. Consequently, the high capacitance of the capacitor laminate
has a relatively small thickness to provide improved decoupling, but at
the same time the small thickness of the capacitor laminate reduces the

25 impedance of the signal traces to below desired impedance values.

The signal trace impedance is inversely proportional to the width of
the trace, hence a common method of increasing the signal trace
impedance to desired values when using the capacitor laminate is to
reduce the width of the signal trace. Therefore, while using the

30 capacitor laminate improves decoupling in a PCB, there is presently a
consequent need to reduce the width of signal traces on the PCB to

ensure the signal traces have the desired trace impedance values. The




~consequent need to reduce the width of signal traces on the PCB to ensure
‘the signal traces have the desired trace inpedance values. The 5 DEG 200313
resultant difficulty then when using the capacitor lamnate in a PCBis
fabricating the relatively narrow traces that are required. Brief Summary
of the Invention 5 The present inventi on\3r seeks to provide a nmethod for
formng a printed circuit board and a printed circuit board forned

t hereby, which_  overconmes or at | east reduces the abovenentioned probl ens

of the pri diesulant diffiggley thengrien usingdhggeeacitorjangpase it 8 BeBAsi on
e g e A b
st anti ai et U Fa TR, habu ORI Il B 0 P 2V el OThg S

first surface and a second surface, and the dielectric |ayer having

t hi cker portions and thinner_ 15 portions between the first and second
surfaces; a first conductivSmefyspmgparnef fhe dnventieace of the dielectric
| ayer; %nd a second layer conprising a plurality of conductive pieces on
the second surface of the dielectric |layer, 20 wherein a first of the

plurality of corgpkésentirfeasionoseeldf td ProvitiBiL kasthparfor 3Emahg khe
dielectric layer, and the first conductive layer forma first capacitor,
and wher ei rpanted sirgudt beard phdraprintedfciraié narddopmecetherehs, whiehe
t hi nner por(_'g‘;eons of the gi eltecztiri o I@ger and the first ondugéhve laIyer
25 forma sECORATRACTT SPASITRANKSS agfé)ggg%efntg%e%lpégg PRV ERE RS
provides a g#tinted circuit board conprising: at |east one dielectric |ayer
having at least a first portion with a

10 Accordingly, in one aspect, the present invention provides a multi-

layered substrate comprising:

a dielectric layer having a substantially uniform dielectric
constant, the dielectric layer having a first surface and a second
surface, and the dielectric layer having thicker portions and thinner

15 portions between the first and second surfaces;

a first conductive layer on the first surface of the dielectric layer;
and

a second layer comprising a plurality of conductive pieces on the
second surface of the dielectric layef,

20 wherein a first of the plurality of conductive pieces, one of the
thicker portions of the dielectric layer, and the first conductive layer
form a first capacitor, and

wherein a second of the plurality of conductive pieces, one of the
thinner portions of the dielectric layer, and the first conductive layer

25 form a second capacitor.

In another aspect, the present invention provides a printed circuit
board comprising:

at least one dielectric layer having at least a first portion with a
first thickness and having at least a second portion with a second

30 thickness, wherein the second thickness is different from the first

thickness;




first thickness and having at |east a second portion wth a second 30

't hi ckness, wherein the second thickness is different fromthe first 5 DEC 2003
t hi ckness; 5 DEC 2003 4 at least a first pair of netallization |ayers
having the at least the first portion therebetween formng a first
capacitor wth a first value. at |east abbsecond pair of netallization

| ayers having the at | east the second portion therebetween formng a
second capacitor with a 5 second value different fromthe first value. In
yet anot her aspetitleasha st aair of metailizatiqn tasieds havisgiiberattleasttipri si ng:

a layer of giel Ll C i ving a fdrst surface .and ecqnd

aur f ace, “witsTETHR IR RE dtof Rheite s ST heBAEHET il fFR0E ana 10
a plurality of cardust hv@cbad perofaarRL1lishNen 1ayetcRaVIirE fid af 1dakr of the
plurality of conductive portions, wherein one of the first pair of the

plurality ohe seneamdcporieonsherdrmswisennigraiisgeseecimd chpatdypewith adi el ectri c

material. proximal .to the first surface erein at |least part of the one
of the Pi r STTP8 ‘é‘c‘ld}leo‘iil%?ﬁ%n ﬁ?%ﬁf@?ﬁﬂi V\éﬁ'heducti ve portions extending from
the first surflaceet veHds ddpRcteaaNfraddHtanfenfiBd W&é@atshﬁo_ﬁl@@ one of
the first pair of the plurality of conductive portions being disposed

proxi mal t ccarAprisE®nd surface and being spaced apart fromthe at |east
borti ons. by & 114 ke e dinfet Al rafgich hawhe HedbRutiaar 01 2 eoBtur al ity
of conduct i 4&fRe¢ WRBSein IR &dbrRNSuPhcEhs opperd PRl firdfsudigcdlan@l ity of
conductive portions being disposed in the |ayer of dielectric material 25
proxi melo t o t he 4 phatalgyrdfameaduwdtirceportaons eastpmypsing: of t he one of the
second pair of the plaL{rl%lais{ ¥ f?lfstcp%qg %‘fﬁlg %lgl(r)a{ﬁtiyoo o Sggxi/é] %ofrtrigrrps,t he
wherein one of the first pair of the plurality of
conductive portions being disposed in the layer of dielectric material
proximal to the first surface, wherein at least part of the one of the first
15 pair of the plurality of conductive portions extending from the first
surface towards the second surface, and
wherein the other one of the first pair of the plurality
of conductive portions being disposed proximal to the second surface
and being spaced apart from the at least part of the one of the first pair
20 of the plurality of conductive portions by a first distance; and
at least a second pair of the plurality of conductive
portions,
wherein one of the second pair of the plurality of
conductive portions being disposed in the layer of dielectric material
25 proximal to the first surface, wherein at least part of the one of the
second pair of the plurality of conductive portions extending from the
first surface towards the second surface, and
wherein the other one of the second pair of
conductive portions being disposed proximal to the second surface and
30 being spaced apart from the at least part of the one of the second pair of
conductive portions by a second distance, wherein the first distance is

greater than the second distance.




first surface towards the second surface, and wherein the other one of the
‘'second pair of conductive portions being disposed proxinmal to the %qﬁgnﬁ
surface and 30 being spaced apart fromthe at |east part of the one 0o W%
second pair of conductive portions by a second di stance, wherein the first
distance is greater than the second distance. 5 DEC 2003 5 In stil

anot her aspect, the present invention provides a nethod for formng a

mul ti-layered substrate conprisin%: a) forming a plurality of sections,
each of the pl JRattill pnetheraspests thedrppert Hyantior psovises asuwdhediier| ayer

and at |ea 5‘?’%‘%aaﬁlt‘ﬂﬁg%g’ek‘%?%&‘grsaagér%%ﬁlilS- iti on, wherein the patterned

| ayer of ne I'on t hi nner portions; b)

stacking thg pl Ubadiihy ophiiality ofscvtibAs] B4t VERhE PlhaxefSoPEectilired ectric
material; c) formng the stack of the plurality of sections and the
i nt er veni ngcomprisgy@as legstding sgbpiratedayar and iattleasthenempatiernggdager

Tvent 1 on wiRcrBaopn S e BaRH RGP IR ER b fikee nce

to the drawdi@r ambitbianefrpertidnghows a cross-sectional view of a printed
circuit board in accordance with the present invention; FIG 2 shows a

fl owchart dat ai |9tagkingthe eberalgy dfasectioarsi wightinéerveeBngdayes ofl;: 20 FIG 3
shows a cro s-sgcti ongl .vii ew of an arrangenent of the . sections the PCB
in FIG 1 iHKCEIPdRAEENth the process in FIG 2. FIG 4 shows a

flowchart datai lfobghiAg3BB&thek RIFARESSIULSlity 8PEéahdaAndSEAEIRAENG! the
PCBin FIG '1; FIG 5 shows a flowhart detailing a particular process for

25 f abriocatlpyigrs abdidectrmmagerishantedhd muHtidayered substrate.

Brief Description of the Drawings

An embodiment of the present invention will now be fully
15 described, by way of example, with reference to the drawings of which:
FIG. 1 shows a cross-sectional view of a printed circuit board in
accordance with the present invention;
| FIG. 2 shows a flowchart detailing a process for fabricating the
PCB in FIG. 1;
20 - FIG. 3 shows a cross-sectional view of an arrangement of the .
sections the PCB in FIG. 1 in accordance with the process in FIG. 2;
FIG. 4 shows a flowchart detailing a generic process for fabricating
the sections of the PCB in FIG. 1;
FIG. 5 shows a flowchart detailing a particular process for
25 fabricating the sections of the PCB in FIG. 1;
FIGS. 6A-C show cross-sectional views of the formation of an inner
section of the PCB in FIG. 1 in accordance with the process in FIG. 5;
FIG. 7A-C show cross-sectional views of the formation of an upper
section of the PCB in FIG. 1 in accordance with the process in FIG. 5;
30 FIGS. 8A-B show cross-sectional views of the formation of a lower

section of the PCB in FIG. 1 in accordance with the process in FIG. 5;




FI GS. 6A-C show cross-sectional views of the formation of an inner section
‘of the PCBin FIG 1 in accordance with the process in FIG 5; Fl G5 [J#- 1§03
show cross-sectional views of the formation of an upper section of the PCB
in FIG 1 in accordance with the process in FIG 5; 30 FIGS. 8A-B show
cross-sectional views of the formation of a lower section of the PCB in
FIG 1 in accordance with the process im FIG 5; 5 DEC 2003 6 FIG 9 shows
a flow chart detailing a process for fabricating sections of the PCB in
FIG 1; FId8G.19ahewshpHeoverBast detailingal pracess Tor fablcagngerecsionsfoft he

i nner secti éf t-%e (93]1 n FIG 1 in accordance with the process in 5
FIG 9; FI C%QJI? R—l Ig OWs’ cross-sectional views of the formati on of the

i nner section dfiGhel BCE shollsErobsl Se@tdiildasws ofithe fbh@apicicesthd N FI G
9; FIG 12 shows a flowchart detaili ng anot her process for fabricating 10
r

the PCB i n ipper sectighpffthe PCB hBis. drivsacassdancnarithitbesprsiceshiént or mat i on
of the PCBI'*‘IQ‘f E%%IG 1 in accordance with the process in FIG 12. Detail
Descri pPi on 'of" t’he Drawi ngs 15 The present invention, as described bel ow,

provides a di elm¢iS.i £1Al@¥BOWSCHRG-SERidai News I theTokiatigiessthel hi nner
portions of the dielectric |ayer form decoupling capacitors having a

hi gher capdainearseetiongfdhenPEBem Bt il dnsadawrdaroaparithdhe miockss aner
capaci tance%lfg)r trace 20 inpedance values within a desired range. This
separates t ‘conflicting requirenents of decoupling and trace inpedance

on the diel ect rig.| BY 8howisha Aokt drRkiAGIIRALANbARS HIRRRRIIDE fAYitiEn St her .
Portions of netallization on power and ground planes are nade thicker with
portion® oftheheCBiigl B&r lrandyer between the portions of netallization

FIG. 13 shows cross-sectional views of the formation of the PCB in

FIG. 1 in accordance with the process in FIG. 12.

Detail Description of the Drawings
15
The present invention, as described below, provides a dielectric
layer in the PCB having varying thickness. Thinner portions of the
dielectric layer form decoupling capacitors having a higher capacitance,
and thicker portions form capacitors with lower capacitance for trace
20 - impedance values within a desired range. This separates the conflicting
requirements of decoupling and trace impedance on the dielectric layer
in a PCB making each less dependent on the other. Portions of
metallization on power and ground planes are made thicker with
portions of the dielectric layer between the portions of metallization
25 being made thinner, to produce a higher capacitance for decoupling.
Portions of metallization on the ground plane that are aligned with
signal traces on a PCB are made thinner resulting in a thicker portion
of the dielectric layer between the traces and the ground plane to
produce a lower capacitance, advantageously allowing the traces to be
30 made wider without adversely affecting the trace impedance.
In FIG. 1, a six layered printed circuit board (PCB) 100 has six
layers of metallization 105,110,115, 120,125 and 130, and five




25 being made thinner, to produce a higher capacitance for decouplin%.
‘Portions of netallization on the ground plane that are aligned w th5 U5l gal
traces on a PCB are made thinner resulting in a thicker portion of the
dielectric |layer between the traces and the ground plane to produce a

| ower capacitance, advantageously allowing the traces to be 30 nmade w der
w t hout adversely affecting the trace i'frpedance. In FIG 1, a six layered
printed circuit board (PCB) 100 has six layers of netallization

105, 110, 1listev2mingJapecs d3€lectndally ven-con®actird @dateridit@r itenilagohayer s of

el ectrical non-.c uctj ve terial or insulation 140, 145, 150, 155 and

160. The |L%)/%¢ g"'éf?%& 49 38 iﬁo-ﬂ}g?iqzﬁ,rﬂ@,mei@@?wsnah%ald@,érlé,

typically i ayer 105 provi des copper |
i nter connerc?(lgl’gnz?c a@aor ¥ra§gre%§pg%tl%{el%%&h§ﬂ€@§n%%rjhents that are nounted on

the upper surfHee pafttdrinedREIpPI&0layend 055 pediti€ds cobper eédtdreonnetbiBnsi gnal
| ayer. Below the _copper |ayer 105 is the |ayer 140 that is nade of

el ect r Pcal Mytracas fedwesy et ecompogenypitbat aye mednterd phethfeabppent i on of
PCBS. The i iRcl ude X | ass. FR4,, ceramic, a | gyi m de. The
|l ayer 10 1 f?ﬁ%??%ﬁé?‘???%@pﬁ I?§§%P rfg%rrfe_ o ?ﬂgﬁﬁ&gn%gl@&g? | ayer 110.
The | ayerBdlb® tise @oppkt ¢4y@d1 09RBShe!1ayeF 1401 3 tRS IMhHE DIt tFRAIBN

el ectrical power plane having connections to electrical power. In

addi ti on, inselatipgmaterialsrtypicaliylesedtiorthenfabridadivn bHiPORS f Bhesof traces
for signals,

T 00 o SRR oS XS SO 2o Lt 1R BRLLLons 17!
ot 00 )80 s meuigihr il A0E Yonf et M e T
of 2.5-10.layen( 1Phis apatteracdecopptrclaype whiaheproiides tise thinmken porti ons
173, and LRt RSP Brarle Ravills cofndlfiShs S dHEd el oert I 97 OUnd Pl ane
addition, the layer 110 can provide interconnections in the form of
traces for signals. For example, the layer 110 comprises thicker
15  portions 171 that provide power, and thinner portions 172 that are
signal traces. ‘
The layer 145 is made of prepreg, such asFR4, Ceramic, Liquid
Epoxy &Polyimide, from Nelco, Dupont, Taiyo & Gore with a.dielectric
constant of 2.5~10.0.
20 The next patterned copper layer 115 has thicker portions 173 and
thinner portions 174, and is often referred to as the ground plane as it
forms a common electrical ground in the PCB 100. The layer 115 can
for example include the thinner portions 174 providing signal traces.
The portions 171, associated portions 173, of the patterned copper
25 layers, and portions 175 of the prepreg of layer145 between the portions
171 and 173, advantageously form distributed decoupling capacitance
between the power plane 110 and the ground plane 115.
The layer 150 is a substrate made of electrically insulating
material, and may be of similar material to that of the layer 140. The
30 layer 150 together with the patterned copper layers 115 and 120 above
and below the layer 150, form an inner section 180 of the PCB 100.

Similarly, the layer of insulation 140, the patterned copper layer 105




forns a comon el ectrical ground in the PCB 100. The | ayer 115 can for
"exanpl e include the thinner portions 174 providing signal traces. TDEC 2003
portions 171, associated portions 173, of the patterned copper 25 |ayers,
and portions 175 of the prepreg of |ayer 145 between the portions 171 and
173, advantageously formdistributed decoupling capacitance between the
power plane 110 and the ground plane 11%. The | ayer 150 is a substrate made
of electrically insulating material, and may be of simlar naterial to
that of theéndike patgrngdeorgerlayer 1i90forsyenieppes sértidre 182, teexche copper

| 115 0 . bgl he | 150, f ' tion 180
o the pos B85 OrRHPRy 80 ni e Mokt ae & Bpnt 2t L A0 AR T or ned
copper | aygiati@imed &ﬁ%&%%& 128I3Re aPRkkE RRUicsOPRE! of BYEPCH G olor m an

upper section 182, the” layer of insulation 160, the patterned copper
| ayer 130, and It mall heaaperematesbfpatr theayppet 28.df lommrasdotisers §82tarsh 184, of

the PCB_10Q0,,Jt wll . be. i d that. th d | . i 182
and 5 T4 Mbarf FTURT A DORULEHON SHALHECIOR T GhE IPHEERecHBRel SSect | on
184, the |iyapyd3930sis!ihie OliciplabhRNehe therl RYSts 128 dofrdriSlapgiqP! ane

and the layer 120 the ground pllane. Wth Teference t0 the 1 nner section
180, a por ttherlay@6130 thisegropmd elaweel copper | ayer 120 is a part of the

d pl j h 10 thick t 1 d t hi t 189. Th
Phi oker "part 1abPagiideata it B tert d Epo PR Siom S ot patt er ned
copper | aygatidhededbier RYEr129D 194 (Rfrt tol?%hgrg?ﬂﬁﬁa bR whith haQrdn

decoupl i ng capacitance. Thé thinner "part 189 W th associated portions 191
and 19200f thiekqraparr il ancoapbinhey partl 289 afitiephickempadtoblrndgdi®®rof t he

D oD oG | et AR (OIOL B LS GaRR st I rest e i rce,
ance: LS NI Tk oreampnt dakassssolp paciot i dffcbalin i oor o
thinner part 189 with associated portions 191 and 192 of the patterned
copper layer 125 and portions 196 and 198 of the prepreg layer 155
15 form a lower capacitance, that results in trace impedance of traces 191
and 192 being within a desired impedance range.

Hence, the relatively smaller thickness of the portion 194 of the
prepreg layer 155 between the thicker part 188 and the portion 190
advantageously ensures that the resultant high capacitance between

20 the thicker part 188 and the portion 190 provides decoupling between
the ground plane 120 and the power plane 125. In addition, the
relatively larger thickness of portions 196 and 198 of the prepreg layer
155 between the thinner part 189 and the traces 191 and 192 produces
relatively lower capacitance, advantageously allowing the traces 191

25 and 192 to be fabricated having relatively larger trace widths but with
trace impedances within the desired trace impedance range.

With additional reference to FIG. 2 a process 200 for fabricating
the PCB 100 starts 205 with three steps 210, 215 and 220 that are
shown being performed concurrently, but can also be performed

30 sequentially. The steps form 210, 215 and 220 form the upper 182,
inner 180 and lower 184 sections, of the PCB 100, respectively. Forming
210, 215 and 220 the sections 182,180 and 184 involves processes that




advant ageously ensures that the resultant high capacitance between 20 the
‘thicker part 188 and the portion 190 provides decoupling between theEC 703
ground pl ane 120 and the power plane 125. In addition, the relatively

| arger thickness of portions 196 and 198 of the prepreg |ayer 155 between
the thinner part 189 and the traces 191 8nd 192 produces relatively |ower
capaci tance, advantageously allowi ng the”traces 191 25 and 192 to be
fabricated having relatively larger trace widths but with trace inpedances

wi t hi n t he 9881 el petwsactipraemebconnge 106 tiH Oaddis, i l6Xs1 122hadehde aro FI G

2 a process; rica he P 00 sta 205 with three steps
210, 215 an&éég%{)?{]ggggﬁ'yersiﬁgmS@e?ﬂacﬁé(% r(?rsi?gﬁ{lgél%urrently but can al so
be perforned 300aegieiidet dactiothe80t@RScH PP 2 Brs 215 Al 12¢0afOtdPnhdie
upper 182, inner 180 and |ower 184 sections, of the PCB 100, respectively.

For mi ng 2100 thesubsdraEiaype 1565 Anshenliseth g uppet aad hmﬂrvssctmrm: esses

that 5 REC tt d 115, 120,
125 and 13070 2thd S2utht FebRet e 108 A d10naRREkos R 30, o8Py o ke
i nner sect i im0k B cCAPPRratcdlicss 1D ﬁﬁa 188, B ﬁdaﬁfdﬂecibrﬁﬁngktﬁe
substrate | ayer 150, and on both“the upper and |ower sect’ions 5182 and

184, the co}p@@erm%@&ﬁrmﬁ@JmerlmS,ahHO,ll?bSaﬂ&OlaQS ané 13oimelddes t he
substrate | ers 0 and 160,,1n addition, rne ers of
copper 105, f%% patigfned kayers of LoRRSY {J](O)(t{?ni P§,0 %ﬁé{)‘fhégp‘éﬁtge

| ayers of Cﬂﬁﬁﬁ%r%)%Qtloﬂi%ﬁ7ﬁ-297@n@8qz2§9‘@ tlhnt h@ztfw%hrdﬁ% hPmSé?Z 174,
187, 190, 191, 19 193 and the part the thicker portions 171,

173 and.ot healp@rthemkéﬁhpomméglofwa‘ andlhlng o 188l Dhelpabcescof ons wi | |
be descri betd

be deccrt bl Dol Skl et 5 pe il 03 dSlanence Lo G
the two alternagext, |v@é¥ﬁ%ﬁicﬁﬁoﬂ%&%%e§@é t8HG3 B0 thanghrié LBctiBRsnepessary
al i gnment 15 bet ween t he patterned |ayers of copper on the three séctions
182, 180 180 and 184 are arranged 225 in a stack 300 with the two alternate

layers of prepreg 305 and 310, and with the necessary alignment

15 between the patterned layers of copper on the three sections 182, 180
and 184. Subsequently, the stack 300 of the sections 182, 180 and 184
and the layers of prepreg 305 and 310, is compressed under pressure
230, and the whole assembly is heated 230 to produce the PCB 100,
ending 240 the process 200.

20 With further reference now to FIG. 4, a generic process 400 of
forming any one of the sections 182, 180 and 184 starts 405 with
providing 410 a substrate. The substrate may be a bare substrate or a
laminate comprising an insulating core sandwiched between two layers
of copper.

25 A first layer of metallization is then formed 415 on the substrate in
accordance with a first predetermined pattern. When the substrate is a
bare substrate, then a process of imaging using photolithography
followed by electro-deposition can be used to form the first layer of
copper. Alternatively, when the substrate is a laminate, a

30 photolithographic process followed by an etching process is used to

form the first layer of metallization. The photolithography, electro-




and 184. Subsequently, the stack 300 of the sections 182, 180 and 184 and
‘the [ayers of prepreg 305 and 310, is conpressed under pressure. 2380 ﬁg%a
t he whol e assenbly is heated 230 to produce the PCB 100, ending 24 F
process 200. 20 Wth further reference nowto FIG 4, a generic process 400
of form ng any one of the sections 182,0180 and 184 starts 405 with
providing 410 a substrate. The substraté may be a bare substrate or a

| am nat e conpprising an_insul ati ng core sandw ched between two | ayers of
copper. 25 9¢R9siten) andetehingepraqessas venlide Hadersopgdtuane @kﬂ{ in

substrate i« g&gﬁg%ﬁ%% égg?a%{rgl%dq{e?g&t.er m ned pattern. Wen the

substrate is a are subs n a process of imging using

phot ol i t hogr aphyubstdusredy by sebeatinayeeppaidthizatidvn keforaest 4o0fier m t he
first layer of _copper. Alternatively, when the substrate is a |lam nate, a

30 phot ol i t#SPrEpAre Witbcesecand psdetesniaadattemy Qiesdbsssulkstuatad t o

formthe fi Ilization. hot.el i £t hogr aph electro 5 DEC
2003 10%dep%§§ttb§§ﬁéﬁg£%%§fwg t%ﬁlggglggeyﬁg b4 %’5 %ng%’gg% to one skilled
in the artmeedlivhtionn®@hsereleansf ahedebERidh oPYhe RUtEIHd Processesott | ayer
of metallization is forned 420 in accordance with a second predeterm ned

pattern, oveacopsklaygsfmaetallization is fermheddyy the photslithegarphy andthe

Whet her thefjrst . of nmetallization was d b h eposition or
the etchi ngd%!r:%éé%éé%s,elh? g‘ep rosceegg%%zﬁ%‘f/@_rm%‘?ssrréﬁélqﬁe?a%?%%g'? “formed by the
phot ol i t hogr aphyi@nehé peocedsL4000tiEle PiRst 1dyen dFReRIELStiorl NS foFRedssitA00
then ends 425. Wth the process 400, the first layer of netallization is

f or med M t e predeteprunetdihickeess, ik tlee secemd layer efemmidllizayion isf
metal | i zatii%_rI]

el 72010l of SRR 80k A P S bt i on,
sel ected poid fimstsared sebendqsriedetdtenirdiepatteinsEnatlis 24y Oselbaterl a | ar ger
thickness portions of the resulting layers of metallization have a larger thickness

relative to other non-selected portions.

15 With due regard to the practical constraints of materials that are
available from material suppliers, and the processes commonly
employed in PCB manufacturing facilities, an alternative process for
fabricating the sections 182, 180 and 184, now follows.

Referring now to FIGS. 5, 6A-C, 7A-C, 8A-B, a process 500 for

20 making the inner, upper and lower sections 182, 180 and 184 starts
505 with providing a laminate 600, 700 and 800 which have a middle
layer of insulation 150, 140, and 160, sandwiched between two layers of
unpatterned copper layers, 605 and 610, 105 and 705, and 805 and
130, respectively. This is followed by photolithographic imaging and

25 etching 515 to form one or both of the layers of copper on the substrate,
in accordance with a first predetermined pattern. Of course, the first
predetermined pattern of copper has a first uniform thickness which is
equal to the original thickness of the copper layers. The
photolithographic and etching processes simply removes the portions of

30 the copper layers that are not required.

On the laminate 600, the copper layer 605 is etched to leave
portions 614, 174, and 612, and the copper layer 610 is etched to leave




relative to other non-sel ected portions. 15 Wth due regard to the
‘practical constraints of materials that are available from mat emi gL 9973
suppliers, and the processes commonly enployed in PCB manufacturing
facilities, an alternative process for fabricating the sections 182, 180
and 184, now follows. Referring now to ﬁEGS. 5, 6A-C, 7A-C, 8A-B, a process
500 for 20 nmaking the inner, upper and lower sections 182, 180 and 184
starts 505 with providing a | am nate 600, 700 and 800 which have a mddle
| ayer of i rdefti@anoA8T5md 145 waiupasn]88ataws predubatgetahaddnrhinades of

unpatterne pper, ) ayers, 5.,and 610 1053§r§i 705 nd 805 and,. 130,
respecti ve??/(.s?T i Sla}ng r+aot|e|70 dt}b@cm‘?follap’fiﬁ aﬁn?t(?hleaaté)l t??énhﬁ’f]rti%nét chi ng
515 to fornypoeurft 170t hhot prldeidciygescldd LaBRe4te0r0 1 hEndUbS! dhRatel N
accordance with a first E)redet erm ned pattern. OF course, the first

pr edet er m n2@0pthe eppPor lasmypR0S imstehedd ta forumifostionishl QineS s, WARaNd s
equal tq th rjiginal thigkness of the per | ayers. The

phot ol i %nogf%%’n# tPEPAYEY 5ﬁFE%WSF88%t_§g]%sﬁ§{npl y renpves the portions of 30
the copper |ayeggbtbgheRtl9, Bfbr iALIAENit108 éé&rﬂdaﬁhBRHﬁh@%P%pﬁﬂe copper
| ayer 605 is etched to |l eave portions 614, 174, and 612, and the copper

| ayer 610 iBrasesheth aocordamcswiiECa 2606nd predet¢munmetBpatiedn 186 alectropar t
189, thus produci.ng et ched inate 601. On lamnate 700, t copper | ayer
705 i 5. ot chAPUTLPG I GSRE T DUgds WRATICHET RO 08 oG O LERed | am nat &
701 And, OBott@sHA8E Ene $99: 1428 SIIRPELIILANEH. BAB dtShel 9BRANLE: EOTMAQrti ons
190, 191, 192 and 5 193, to produce the |lower section 184. Subsequently,
af t er il9agi erpndn layars &dén® Ighandl 620 dgpapited thereae$s form thecondance wit h

d det ' . t | ectra- iti 5 ild
ot hi cker SIS 2o iBHIA o e B0 RRIRE b CHnba P BPer J98F 3ol 15
netal i zat i gRd 7Tie depesred | tAstas € 6984 as &ﬂp&%&@c’ioﬁ e N Sfdichi& and
620 deposited thereon to formthe inner

earlier, after etching, the laminate 800 becomes the lower section 184
as it.does not require thicker portions to be formed thereon.

15 Returning briefly to FIG. 4, if in the process 400, the substrate
provided in step 410 has a layer of metallization of sufficient thickness
to form the thicker conductive portions, an alternative process 900 for
fabricating the inner, upper and lower sections 180, 182 and 184 can
be employed, and will now be described.

20 With reference to FIGS. 9 and 10A-C the process 900 will now be

- described for making the inner section 180, however, the process can
be used to make the upper and lower sections 182 and 184, as will be
appreciated by one skilled in the art based on the description that
follows, without significant variation.

25 The process 900 starts 905 with providing 910 a laminate 1000
having a middle substrate layer 1005 and upper and lower layers of
copper 1010 and 1020. Using the processes of photolithography and
etching, the copper layers 1010 and 1020 are etched 915 in accordance
with a first predetermined pattern to leave portions 1021, 1023, 1025,

30 1027 and 1029, all having a first thickness, on the substrate 1005,
thus producing etched substrate 1001.




section 182. Simlarly, the etched | am nate 701 has copper l|layers 715 and
‘717 deposited thereon to formthe upper section 182. As indicated5ngayﬂber,
after etching, the | am nate 800 becones the | ower section 184 as it does
not require thicker portions to be forned thereon. 15 Returning briefly to
FIG 4, if in the process 400, the substrate provided in step 410 has a

| ayer of netallization of sufficient tA2ckness to formthe thicker
conductive portions, an alternative process 900 for fabricating the inner,

upper and | owesSubesfuditly, 18 pidcesaBd of§hdtaith&sraH) anathtchiith ¥ié | now be
descri bed. 20 Wtﬁfqr ef er}énce It)o FI GS. in)gjnd 10A(1?%.the process O wll now

be descridRligha seerndgtimeeto e ctelud substgte Hkteetch B Mpttocess can
be used t t nd .l ower jons. 182 and 184, .as wll_ be

appr eci at &ﬁgﬁ}%@%gr ﬁﬁé&a "fuﬁdtl??\ﬁé)rf tsle(‘ﬁeése"gﬁlfi’ Pﬁ%&d%%% ﬁ}lbﬁfr&iie tllQé)[%

foll ows, WA thritHS t gan aria@t i . I 5 with
provi di ng\/ygﬁ‘gﬁg I?Cgrlr%‘lwrgizi 23?038\2’ r}g/gf %gaal%fd flga% str a%lzﬁ%%%%? ttl%f)zgand

upper and lesswhahaherfirssfthickpees. Afddi0tlandeddi2d etelsinggoP0e tine pressss of
| ayers 1010 and 1020 are etched

h lith h hing, .th
glgt ionI ;cﬁﬁgﬂé@%t E)tge %ﬁ‘gﬁﬁ‘bg‘%{l&g@pﬁ{ﬁm%ﬁﬁpﬁr@tﬁ d9%%ie portions

1021, 1023deABRal toPhd ¢ @l | having a first thickness, on the
substrate 1805, tﬁusépﬁégﬁggﬁégéﬁc%(gd substrate 1001. 5 DEC 2003 12

Subsequent | y, Alberrmtoedyswitinfefphericd id FiGSaphandidl £1Chiheotves etemppl i ed a
second tinme tp the etched suhstrate 1001 to etch 920 the ortions 1023,
1027 and pAFRIRg precess QP Usipeaidiercatiset ohdisst enel serpndthgtghingi ons 130,

Ui ckiSas PEARERe P BuRER B broakE sy kit seiTion 4805 b ERab B "o
that the nesdétsandd diychred skilded irtthe H3@2id Slsol fsiplicatile todtheriitedn sect i on

180. Alternatively, with reference to FIGS. 9 and 11A-C, the two step
of the upper and lower sections 182 and 184 without significant

variation.
As before, the process 900 starts with providing the laminate 1000

15  having a middle substrate layer 1005 and upper and lower layei's of
copper 1010 and 1020. Then using the processes of photolithography
and etching, the copper layers 1010 and 1020 are etched 910 in
accordance with an alternative first predetermined pattern to leave
portions 1121, 1122 and 1123 unaffected by etching, and having the

20 original first thickness of the copper layers 1010 and 1015. The etching
910 etches away parts of the copper layers 1010 and 1015 to leave
portions 1105, 1110, 1115, 1120 and 1125 having a second thickness
which is less than the first thickness. This produces an etched laminate
1101 which is subsequently etched 920 a second time in accordance

25 with an alternative second predetermined pattern. The second etching
produces the etched laminate 1102 having thicker copper portions, i.e.
the first thickness, 1121, 1122 and 1123, and thinner copper portions,
i.e. the second thickness, 1131, 1132, 1133 and part 1125. As a result,
the etched laminate 1102 is identical to the inner section 180.

30 - Referring now to FIGS. 12 and 13A-E, an alternative process for
forming the PCB 100 starts 1205 with forming 1210 the inner, upper
and lower sections 180, 182 and 184. Any of the processes 500 or 900,




etching process 900 using a different set of first and second etching 10
patterns can be used to produce the inner section 180, and as wll be
under st ood by one skilled in the art, is also applicable to the fbbb&gigen
of the upper and | ower sections 182 and 184 w thout significant variation.
As before, the process 900 starts with providing the | am nate 1000 15
having a middl e substrate |ayer 1005 ad® upper and | ower |ayers of copper
1010 and 1020. Then using the processes of photolithography and etching,

t he copperad dgscisbéd barHer cafde asedabdbeth 81 skdtioRs ¢RNEANGEp¥E hAidan
alternative first predetermned pattern to | eave portions 1121, 1122 and

1123 unaf flewiegpesfiogschdPgl 8arang d@dn Nexte insulating layers 1350 andck3R@s of

copper | syl 223 oA uhE GinebiEed S 1310 e S Bk 1821,0' and
1125 havi rghd lm%spééﬁ{fa%S‘heW'ﬂls%g%ﬂiﬁ ligpers aNOtdiRd 1308k cAhigekness.

Thi s produces an etched |amnate 1 ich is subsequently etched 920 a
second 5t i Badg ofqersiermed Pepreg Whichanpyrbafarcatedowithpa edeldingi ned

pattern. The secogd ﬁtChil(iiL Br oduces.tfl?{qeﬁﬁ.ched.l am nate 1102 havi ng
thi cker cdppéef>port'fone? 1.%@. FRAFESET 1t AUFRHQD A Irang'ss and 1123,
and thi nnqhomp‘%?s Rﬁﬂtﬂe‘)ﬁﬁomﬂ]tf‘on&%ﬁ G RAnkhgkness, 1131, 1132, 1133

and part 1125. a result, etc amnate 1102 is identical to the
i nner secti on AlsernaBiveRef the imgilating ayer$33 10Panddl 3B chn e fatrhed mdt | ve

process for form the PCB 100 starts 1205 with formng 1210 the inner,
upper ancﬁq%ﬁlé?t%i‘gfii‘%ﬁgtri%@}atfg?l apRropHate Adhgevs e BREEIZ00 or

900, DE i i . t t i ons
Paner 1Opn BB ARpRYCREDINE 290 (P SaRG LIRS AR IPAIN RHG8EH OV
1310 and 1Bk20sediions d8Opd 84hHd HBA hogeathet ounhedr s$nigoaedshdatldndnd 1312, and

1321 and 1322, respectively. The insulating |ayers 1310 and 1320 can be 5
made of prI¥CSPHES prepreg which may be fabricated with a nol di ng

The insulating layers 1310 and 1320 can be formed using the

same processes. Taking the insulating layer 1310, as an example, the

15 contoured surface 1311 is formed having deeper contoured portions
1313 and shallower contoured portions 1314, and the contoured
surface 1312 is formed having deeper contoured portions 1315 and
shallower contoured portions 1316. The contoured portions 1313 and
1314 complement the portions 171 and 172 on the patterned layer of

20 metallization 110, such that the contoured portions 1313 and 1314 fit
with the portions 171 and 172 on the patterned layer of metallization
110.

Similarly, the contours 1315 and 1316 complement the portions
173 and 174 on the patterned layer of metallization 115, and the same

25 fitting applies for the insulation layer 1320 and the patterned layers of
metallization 120 and 125.

As the layers of insulation 1310 and 1320 are preformed before
assembly, the thickness at various portions of the layers of insulation
1310 and 1320 are predetermined. As the thickness of the layer of

30 insulation determines the capacitance, the predetermined thickness at
various portions of the layer of insulation advantageously determines

the capacitance at the desired portions of the completed PCB.




process. Such nol di ng processes include injection and/transfer nolding as
W || be known to one skilled in the art. Alternatively, the ins%ugﬁiﬁgﬁ

| ayers 1310 and 1320 can be forned of any suitable dielectric materi and
appropri ate adhesive or bonding 10 agents enployed to bind 1225 the
insulating layers 1310 and 1320 and the sections 180, 182 and 184

t oget her, under inposed heat and presskffe. The insulating |ayers 1310 and
1320 can be fornmed using the sanme processes. Taking the insulating |ayer
1310, as an exalhkqresbnt idtertionpas eldsstibedc praditiesi s chpaoiivenprinogl deeper
cont our ed gorti ns %géS and shal | ower contouredcﬁottions 1314, and the

cont oured C¥GHitRRArBhaving moneepsily manwaspaick wid e Hegepdhat hiaye1315 and

shal | ower 59ﬂ59&5%ﬂ?99ﬁ5§§§52%§;6' The contoured portions 1313 and 1314

conpl enent the portions 172 on the patterned | ayer of 20

netal |i zation IHis isuekohislishd® byontasleedidRlyicrdfsa PEIS evind 3hikldert with

the portions 171 and 172 on the patterned |ayer of netallization 110.
Si mi | arfl y, PPHéoRY thatferm sksonplingespacitptschetwearhpopertdnhground and 174

th t d | . of tallizati 115 th 5 fitti
appl 1 o5 ToP S il Piisr Badiortd Bar fhnit eedfliota RAINE ajiweror
met al | i zat £QPaditnéd €2 provislel dsit@Y BteinpdSthdd tANsibbY tANks1320 are

preformed before assenbly, the thickness at” various portions of the |ayers
of insul attmPCIB10 and 1320 are predetermned. As the thickness of the

| ayer of 30 i | ati on det erm.nes, the capacitance, the predeter.m ned

thi ckness at n@ﬁﬁimséeragmf‘dm%f hefeforg é?vwsi%m%ﬂdoﬁrgfam{lg@eouy y
det er jgespr i : i i I PCB. 5
"DEC 2553 RATHRd ARAGE bAART i bSrifEd GREURObARTTodhed IRcEOY whith Vo

printed covencomdmoar dtleastpdmres dasabyvermsntiatiedr probiedey of tlac esiorhat
have

art.
It will be appreciated that although only one particular
embodiment of the invention has been described in detail, various
15 modifications and improvements can be made by a person skilled in the

art without departing from the scope of the present invention.




required trace inpedance. This is acconplished by a dielectric |la eP [%ER 703
PCB having thicker 5 portions that form decoupling capaci ?ﬂj eﬁ?é{r\ﬁéé?ﬁ
power and ground planes, and thinner portions that form capagitors having
a |l ower capacitance that provide desired trace inpedance for Qﬁﬁnm(ﬂtraces
in the PCB. The present invention theﬂgf ore provides a nethod for formng
a 10 printed circuit board and a printed circuit board formed thereby,

whi ch overcones or at |east reduces t.he abovenenti oned problens of the
prior art. It will be appreciated PSal t hough only one particul ar

enbodi nent of the invention has been described in detail, various 15

nodi fi cations and i nprovenents can be nmade by a person skilled in the art
wi t hout depart i Agniiltidayered sibstrateoornpesipgesent i nvention. 15 Cains 5 DEC

2003 Repl acenent page. .4 C 2003 1. A multj-layered substrate conprising:
S aubstant a1 1 vA RURSABHANS hamaoeneqs IcieEes |ayet haYng SauRtamANI [y" un { or m

a substant al | y*REHBGEHBU ATEORE: firayns |
econd surYIe aRlpoicEofEeRe Wejeditlayal Valhom fisl slrdeh 188 205 °

t hi nner  psgdonensurheionvaad thédidiedtat (B haomgticker paaidis and thirfierconduct i ve
| ayer on the first surface of the dielectric layer; and a second |ayer
conpri si ngP@rtipngbgtwesn die ishand spoengpedacessn the second surface of the

dielectric |layer,. rein.a first of th L.ural i f conductive pieces,
one. of the ¢y cRArt bR eypP bn Bei T sBiHFE of I Morc it Bkl Ry
conductive | ayeg sbebid fayler coMprisHRAE blLRAlity D donbgétRiepidcss6Amse of the
plurality of conductive "pi eces, one of the
second surface of the dielectric layer,
wherein a first of the plurality of conductive pieces, one of the thicker
portions of the dielectric layer, and the first conductive layer form a first
capacitor, and
wherein a second of the plurality of conductive pieces, one of the
thinner portions of the dielectric layer, and the first conductive layer form a

second capacitor.

2. A multi-layered substrate in accordance with claim 1 wherein the first
conductive layer comprises a plurality of conductive pieces,

wherein the first of the plurality of conductive pieces of the second layer,
the one of the thicker portions of the dielectric layer, and a first of the plurality
of conductive pieces of the first conductive layer form the first capacitor, and

wherein the second of the plurality of conductive pieces of the second
layer, the one of the thinner portions of the dielectric layer, and a second of the
plurality of conductive pieces of the first conductive layer form the second

capacitor.

3. A multi-layered substrate in accordance with claim 2 wherein the first of
the plurality of conductive pieces of the second layer, the one of the thicker

portions of the dielectric layer, and the first of the plurality of conductive pieces




thinner portions of the dielectric layer, and the first coRdplatdrient gayer
forma second capacitor. 2. A nulti-layered substrate in accordance wt
ctlaiml1 wherein the first conductive |ayer conprises a plur al4i PE % ]
conductive pieces, wherein the first of the plurality of conductrve pieces
of the second |ayer, the one of the t AP cker portions of the diel ec”i[fgg 2003
| ayer, and a first of the plurality of conductive pieces of the first

conductive r formthe first capacitor nd rein the second of the

ol ural iy o Edhehsandvetes vl ae SHRgabBly NPT ASERTERNAE  hi nner
portions o mall [ : Q&ﬂ' ality of
conducti veé)glbﬂglgg %‘tﬁtgﬁg tlﬁ? 'rngs%f%ggg ucteﬁ\e}z&rgﬁylgpgf%%én&t lgy%:écond capaci tor.
3. Anulti-layered substrate in accordance with claim2 wherein the first

of the plurality of conductive %i_eces of the second | ayer, the one of the
thicker phrti of\dnyti-layRrediseibstialg i acgpedancenuith paimid wheeginth: plurality

of conduct] i 2ep A C he
first cond%éc/ |n\?{le&ﬁ§§grm glﬁg{ @?@?@Eﬁ‘fﬁﬁ‘%%ﬁf %e%&%%gjdgygﬁéggégﬁh n axis
ext endi ng t@ingdriidies bf theldisiebrlidadayare ahaties sedshd beiheasianrdiy) eyer. 4. A
multi-layered substrate in accordance with claim2 wherein tthe second of
t he pl ur al ¢endustive pirhestohitbe first conduttiveniaysearensuibsdgriiallytaligned@lafg ahe
thinner portions of the dielectric |layer, and.the second of t lurality
of | conductieibedtemongrs Repingbethkanans desticapehciaiyahabd Bl al |

al i gned al Qéf;&r@ laig,c_ond common axi s extending between the first conductive
| ayer and the setond layer. 5. A nmulti-layered substrate in accordance
with claim?2 wherein the first and second of the plurality of conductive
pi eces of the first conductive |layer have substantially unequal thickness
ext endi ng $r om A Multidayersampshrichia. acsordangg with clajmrewhsais thefisti n

Conduct 1 veei eRe@ bk S Srogtfivelit S biacidy S ARE oBhalidebbr! |1 ©F

have substantially unequal thickness extending from a first common plane.

6. A multi-layered substrate in accordance with claim 2 wherein the first
and second of the plurality of conductive pieces of the first conductive layer

have substantially equal thickness extending from a first common plane.

7. A multi-layered substrate in accordance with claim 2 wherein the first
and second of the plurality of conductive pieces of the second layer have

substantially equal thickness extending from a common plane.

8. A multi-layered substrate in accordance with claim 2 wherein the first
and second of the plurality of conductive pieces of the second layer have

substantially unequal thickness extending from a common plane.

9. A printed circuit board comprising:

at least one substantially homogenous dielectric layer having at least a
first portion with a first thickness and having at least a second portion with a
second thickness, wherein the second thickness is different from the first

thickness;




have substantially equal thickness extending froma first ccnﬁﬁﬂ?ﬁ@ﬂ&ﬁﬁpage
A multi-layered substrate in accordance with claim?2 W@@EG%mﬁthe first and
second of the plurality of conductive pieces of the se yer4 DR2003
substantially equal thickness extending froma conmon plane. 8. A

mul ti-layered substrate in accordance wth claim2 wherein the first and
second of the plurality of conductive pieces of the second | ayer have

substantially unequal thickness extending froma cq n plane..9, A printed
circuit board c® APl hb"{t P&{r qfé‘&%tlah'_éﬁﬂo%fﬂb@f% @Y@gﬂ%l@%@éﬂ&@%i el ectric
| ayer haV'B&rtigh th&@bendeer Ldrﬁﬁn@ﬁ%étﬁéﬁp‘#cﬁﬁr\i’:iﬂfn'arfﬁrkélt {dlugkness and having at
| east a second portiron wth a $econ I ckness, erelrn the second

thi ckness is di&fleasind sécoma phie of nictdllizatiurclapesshaviep tecanieast thage 5 DEC
2003 4 DEC 2003 17 at least a first pair of netallization |ayers having the

at | east t$RCANGrRArtiondnercbatwenrs Whingasecondrapacitarivith a sapard valtew t h a
first val ug, at .| a.second pair of netallization |ayers having the at

| east the 8’?8@%%'%2@&% B'rs??%’ﬁ@reebet ween form ng a second capacitor with a
second value different fromthe first value. 10. A nulti-layered substrate
in accordance with claim9 wherein the at |east one dielectric |ayer

conpri ses #0.confAonuliidayiredeitbsiratd iayeacohdancegwith chaimge whérdihitlokakss
including the first thickness and the second tcBi ckness to provide a range

of capaci ¢ least,ane dielectric %Nermpmmsﬁ§@r%‘t_§‘ﬂfl§§t glestriciayer ‘ﬂ%glééaﬁﬂ?h claim
9, wherei ”oﬁhic{kﬁ@% inc‘ﬂﬂﬁn@ih%ﬂ&t? tl%krﬁb% a{r‘d ik %&%nﬁeiﬁﬁﬂ es¥td ﬁrogfde

netallization Tayers are ubstantr a al1gned wth a horizontal plane.
12. A substangeeofcapptitsd viguest substantial ly honogenous | ayer of dielectric
mat erial having a first surface and a second surface, wherein the second
surface is opposite the first 'surface; and

11. A multi-layered substrate in accordance with claim 9, wherein at least
one of each of the first and second pairs of metallization layers are

substantially aligned with a horizontal plane.

12. A substrate comprising:

a substantially homogenous layer of dielectric material having a first
surface and a second surface, wherein the second surface is opposite the first
surface; and

a plurality of conductive portions comprising:

at least a first pair of the plurality of conductive portions,

wherein one of the first pair of the plurality of conductive
portions being disposed in the layer of dielectric material proximal to the first
surface, wherein at least part of the one of the first pair of the plurality of
conductive portions extending from the first surface towards the second
surface, and

wherein the other one of the first pair of the plurality of
conductive portions being disposed proximal to the second surface and being
’spaced apart from the at least part of the one of the first pair of the plurality of

conductive portions by a first distance; and




a plurality of conductive portions conprising: at least a first pair of the
plurality of conductive portions, wherein one of the first pair ofg pieyps
plurality of conductive portions being disposed in the layer of dielectric
material proximal to the first surface, wherein at |east part of the one
of the first pair of the plurality of conductive portions extending from
the first surface towards the second sW8face, and wherein the other one of
the first pair of the plurality of conductive portions being disposed

proximal to the secoatleistiasecad pagt bYthé RAGRAIRST dodd@dide at | east
part of the one of the first pair of the plurality of conductive portions

by a firstPeid@%ce; and 5 DEC 2003 18 at |east a second pair of the

plurality of conductive pgrtions, wherein one pof the second ir_.of the

plurality of conductive ef?%gnﬁa%ﬁg‘eo‘??ﬁ&éaa}rrpft PQ’V@ﬁ%Y)Pfdi electric

mater i al Scamduttvé poptibAS Bdingldispbias tn MAALGL oPlidiEAte RAlbrRl the one
of ¢

_ Fbé@& tﬂ% .
of the second pair of the plurality onductive portions extending from
the fi5 stPEKMmaldot theafittt surdasecwhdrainr Anbmst padt wicheiond bftlod her one of

t he second_pair,of. conductive. portions being disposed proximl to the
second sur?egcé)él%ﬁalr ﬁgaﬁpkﬁﬁg%&%’éﬁ%u‘fer BaTtieRs srtending fsam the the one
of the secigd Qdifhc@towaRrds ¢hi td y,ajsecond di stance, wherein the
first distance is Cgr%at er tﬁg\ﬁ%tcﬁgaséelggﬁﬁg’d?s ance. 13. A nethod for
formng a multi-layered swhereiat theotipert she®f the secohdr pairdpfa plurality of

sections, each of. the Pl urgrltl_ty f sections, conprising at |east one
subst r at e FHRRENCHYE PRrUPRlcingclippesed peaximgkto the speend surfa¢oandwner ei n

the pajiot erpge ' [ ' rtd.ons and thinn
por | ans: By FREpRE Bbl £ a0 1o 8SpkiY 6l pRR RPN, s of
conductive portions by a second distance, wherein the first distance is

greater than the second distance.

13. A method for forming a multi-layered substrate comprising:

15 a) forming a plurality of sections, each of the plurality of sections
comprising at least one substrate layer and at least one patterned layer
of metallization, wherein the patterned layer of metallization has thicker
portions and thinner portions;

b) stacking the plurality of sections with intervening layers of

20 dielectric material;

c) forming the stack of the plurality of sections and the intervening

layers of dielectric material into the multi-layered substrate.

14. A method in accordance with claim 13, wherein step (a) comprises
25 the steps of:

d) providing a substrate;

e) forming a first patterned layer of metallization on at least one
surface of the substrate;

f) forming a second patterned layer of metallization on the first

30 patterned layer of metallization.




20 dielectric material; c) formng the stack of the plurality of sections
‘and the intervening layers of dielectric material into the nmulti-| g;ﬁ%t%l
substrate. 14. A nethod in accordance with claim 13, wherein step (a) 03
conprises 25 the steps of d) providing a substrate; e) formng a first
patterned | ayer of netallization on at |east one surface of the substrate;
f) forming a second patterned |ayer of hetallization on the first 30
patterned | ayer of netallization. 5 DEC 2003 19 15. A nethod in accordance
wth clai mitd, wheiehodsirepcdeanesprithedairhhiet, skhpseeiafstepdencomppaidasr st
mask on the at |east one surface of the substrate; depositing netal on the
masked at I'B§stteBR@fsurface: and 5 stripping the first mask. 16. A nethod

i n accordance w el aim: 14, rej ) b e f:
formng a seconégir:r}ggflliggrr? ntjﬁ%em}glggsoﬁi g&?%g?%ée% ?rgé);g? F%f%gsof(}h%esf‘gt}ﬁ@%e?i on on
at | east one surdepositihgtrheted wisthatesskadat teposirid agriaetphndn t he masked
first patterned |l ayer of netallization on the at | east one surface of the
substraPe stri ppiippiREdhedushanasisk. 15 17. A method in accordance with
claim 13, wherein step (a) conprises the steps of: g) providing a | am nate
having a substrate |ayer and a | ayer of netallization; h) etching the
layer of net@l | ixzaidthvd ih accsrddaieavithtdlaihiel 4, wherdd $iepddt esrmphigds
pattern totgroduce an etched | am nate; and

e steps of:
forming a second mask on the first patterned layer of
10 metallization on at least one surface of the substrate; and
depositing metal on the masked first patterned layer of

metallization on the at least one surface of the substrate

stripping the second mask.

15 17. A method in accordance with claim 13, wherein step (a) comprises

the steps of:

g) providing a laminate having a substrate layer and a layer of
metallization;
h) etching the layer of metallization in accordance with the first

20 predetermined pattern to produce an etched laminate; and
1) etching the etched laminate in accordance with the second

predetermined pattern of metallization.

18. A method in accordance with claim 17, wherein step (h)
25 comprises the steps of:
forming a first mask on the on the layer of metallization;
exposing the masked layer of metallization to an etchant that
removes exposed portion of the layer of metallization; and
stripping the first mask.
30
19. A method in accordance with claim 17, wherein step (i) comprises

the steps of:




i) etching the etched |lam nate in accordance with the second predeterm ned

pattern of netallization. 18. A nethod in accordance with claim 17,5
step (h) 25 conprises the steps of: formng a first mask on the on"t

ey

| ayer of netallization; exposing the masked |ayer of netallization to an

et chant that

removes exposed portion of the layer of netallization; and

stripping the first mask. 30 19. A neth@® in accordance with claim17,
wherein step (i) conprises the steps of: 5 DEC 2003 20 form ng a second
mask on the etchednliagiansteondxpask og tHicetohpikehmetrehed | am nate to an

et chant that

stripping the sePEMPIREIRE Hashed gtapeddaminatetops: . .
g OISR b8 B PR I ", 2 00 TR B "

er a

wher ei n st e&);g

substrate | a

r

enoves . exposed portion of the Iaégr g{@get %Itiai éati on; and
(2857 A thaE ramneves,

er o ) etching the |ayer of

metal |'i zati on i nstafissihgameesadondl tmddk. st predeterm ned pattern to produce
an etched lamnate; and 1) formng a |layer of nmetallization on the etched
accordance with a second predeterm ned pattern. 15 21. A

met hod in ordangce wi t.h _cl ai m;20, wherein. st .COMpr.i the ste
of : forlrri ngﬁg' fi r%s e&]é"gf(i lgna%?gdﬁﬁ?grwﬁl quf%][ril ﬁz‘&lﬁ%&ﬂni %gglc@g?dances vvlptsh
the first peaeprRes thedktepkidr n;

[am nat® in

1) providing a laminate having a substrate layer and a layer of
metallization;
10 k) etching the layer of metallization in accordance with a first

predetermined pattern to produce an etched laminate; and

)

forming a layer of metallization on the etched laminate in

accordance with a second predetermined pattern.

15 2

1.

A method in accordance with claim 20, wherein step (k)

comprises the steps of:

forming a first mask on the layer of metallization in accordance

with the first predetermined pattern;

exposing the masked layer of metallization to an etchant that

20 removes exposed portions of the layer of metallization; and

22.
the steps of:

25

stripping the first mask.

A method in accordance with claim 20, wherein step (1) comprises

forming a second mask on the etched layer of metallization in

accordance with the second predetermined pattern;

depositing metal on exposed portions of the etched layer of

metallization; and

30

23.

the step of providing the layers of dielectric material.

stripping the second mask.

A method in accordance with claim 13, prior to step (b) comprises




exposi ng the masked | ayer of netallization to an etchant that 20 renoves
-exposed portions of the layer of netallization; and stripping the glﬂggt
mask. 22. A method in accordance with claim 20, wherein step (1) conpri seéq
the steps of. 25 formng a second nmask on the etched |ayer of netallization
in accordance with the second predeterm ned pattern; depositing netal on
exposed portions of the etched layer of 2Inetallization; and stripping the
second mask. 30 23. A nmethod in accordance with claim 13, prior to step (b)

conprises phe shepetho®if\dcdondahbe Wity eISin®Ddiveh&eln itheatpofal . 5 DEC
2003 21 24. A nethod in accordance with claim23, wherein the step of

provi di ng t BEOVigieg shelaysrs| @fdilﬁle@tﬁmraatmalc@mprm thisestepeyd of

providing p re 5 25. A nethod in accordance with
cl ai m 23, p ?%‘rﬁairbé %ﬁ% Ci’}tgsyglfs ngg?ﬁrcﬁgng the layers of dielectric material

conprises the step of formng the layers of dielectric material. 26. A
met hod in accordance with claim?25, wherein the step of 1o fornmng the
| ayers d¥ diel ecArm@ﬂ@@ﬁrpma@@Qrdmcgmeﬁl @ialm% nyicetheo tl’wet&p obf

(o) compr i sBEOREEE the feur R GRfos e RBRESRGEP RS no s s Teniy PAGERE ™ °F

netal | izati gie 1dyek8 cg@ggle@fmghﬁaggﬁglal ity of sections and the i nt er ven| ng
layers of dielectric nmaterial. 28. A method in accordance with claim 27,

wherein step (c) further corrprl ses the step of d| sposi ng adhesive between
EoCeri ol B8, O AReRS6E iR HecBNdahE willh BIAENSE) wAYS B st "'
10 forming the layers of dielectric comprises the step of molding the layers

of dielectric material.

27. A method in accordance with claim 13, wherein step (c) comprises
the step of aligning the at least one patterned layer of metallization in
15 each of the plurality of sections and the intervening layers of dielectric

material.

28. A method in accordance with claim 27, wherein step (c) further
comprises the step of disposing adhesive between the plurality of

20 sections and the intervening layers of dielectric material.

29. A method in accordance with claim 27, wherein step (c) further
comprises the step of applying pressure to compress the at least one
patterned layer of metallization in each of the plurality of sections and

25 the intervening layers dielectric material.

30. A method in accordance with claim 29, wherein step (c) further

comprises the step of applying heat.

30



29. A nethod in accordance with claim27, wherein step (c) further
.conprises the step of applying pressure to conpress the at |east C 2003
patterned | ayer of netallization in each of the plurality of sectlons g%

25 the intervening |layers dielectric material. 30. A nethod in accordance
with claim?29, wherein step (c) further conprises the step of applying
heat. 30 A METHOD FOR FORM NG A PRI NTED Cl RCUI T BOARD AND A PRI NTED

Cl RCU T BOARD FORMED THEREBY ABSTRACT Upper, inner and | ower sections (182,
180 and 184) of a PCB (100) are fornmed with each section having a
substrate (140, 150 and 160) having patterned |ayers of netallization (105
and 110, 115 a‘UMBWHCHDd?‘ORZEOWIMGO&PRIHmﬂIR@IyIT B@)"eRBfANDeApatter ned
| ayers of netalllzatlon 10, 115, 120, and 125 ave t portions
(175 °173) Tand part HABGEIRCIEOIBRQABS) FORMm T HISREBS 1 one. (172,

174, 187, 190, 191, 192 and 193). The resultant thlnner portions (175 and
194) in the prepreg |ayers (145 and 155) with the respective thicker
portions of netallization provide deg®®PRAQYT capacitors, while the
resultant thicker portions (196 and 198), for exanple, provide a | ower
capacitance for inproved trace inpedance for the signal traces (191 and

192). FIG 1 agegoman) fa, Lo AReL &tions (182, 180 and 184) of a PCB (100)

are formed with each section having a substrate (140, 150 and 160)
having patterned layers of metallization (105 and 110, 115 ad 120, and

10 125 and 130), respectively. Some of the patterned layers of metallization
(110, 115, 120, and 125) have thicker portions (171, 173) and part
(188) of portion (186), and thinner portions (172, 174, 187, 190, 191,
192 and 193). The resultant thinner portions (175 and 194) in the
prepreg layers (145 and 155) with the respective thicker portions of

15 metallization provide decoupling capacitors, while the resultant thicker
portions (196 and 198), for example, provide a lower capacitance for

improved trace impedance for the signal traces (191 and 192).

FIG. 1 accompanies the abstract.




