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WD-2007/ 046776 PCT/ S&006/ 000307 1 Capacitor
I nterconnection FIELD OF INVENTION 5 The present
i MWOE07V0adT7q el at es broadly to a substrate forP(iEEfae0s/000307
decoupling, and to a nmethod of formng a substrate
for power decoupling. BACKGROUND 10 In design
opti m zation and inplenentétion of discrete
capacitors for power decoupling in electronic
appl i ances and systens, series resistance to a
discrete or enbEdpaditbedntiprconneetiani tor is
typically provided by using an annul ar ring of
resistive material printed or fornmed around the
capture pad of vias connected to the 15 discrete
apacitor. The decoupling capacitor is

deco%glin C
i o U through a series resistor to the
power planes. This design has a nunber of drawbacks,

T s s skt s ki
8?‘2‘?&’8‘?#‘8?”?%@‘@%1?}#’3?”‘@ *oﬁﬁ?weirﬁ’gfoé’ﬁ' 9 ncreasing via

pitch for the decoupling capacitor interconnection.

BRckeRouNIRP between the vias interconnecting the

decoupling capacitor is determ ned by the dianeter

of the annular ring, limting the via coupling effect
and It desigh yptimgtation layd impienezatstion of Wiscrefef eaparitags for power
UG e @Ie?t_f‘orﬁd"é‘p;ﬂﬁ%@éj Bhdd Q&t&ﬁ@@ﬁés%sistgnce to a'l discrete or
I nterconnection_ an egr adi hg power. decou n
HEPEER ARG ePagp] B bPEaN RIS B Eoed i, Hiuler fing of
weistvephateripl pafed ot formedrajoynd Wesr capiie padinbyas eonpeded toeltie
Libdr b QB Rkt @haditol. The HEQUPRE tchPdtitdNa thusBhRicted through a
dlrect.%ngﬁéconnec%lonr.t§%WEEp active ?gvhgei an%dm_
HEEDIFSIORY tepute Plapes: FrisdRsienhgs f AUrakRliof FaBIcks Jigpding:
i nduet ancthehgspvietweentike dax ntepdonnertioa teecdecovpling dapacitor is

G4 rifed B9 Yhe Giamaie ofthe QntlRS g fRBreby ﬁrﬂ:?e"ﬁsing via pitch for the
e ser|es resistance en‘pl oye usi ng

routagbility. Th

Jegayrlg ??Qa%tﬁ'i'gﬁcaﬁ"?"tlﬂq' the power 30 planes affects

t he ef f ecthevmpriesiesn dmec dasintegenoectihg thef desgupding gafagitor is
QtsHhidel HyaRs dRAllr of HRBAMENENE lifftihg itdlia REGFIAG BIELE @nd
tﬁéc’rgt?yc Iagt!.llale Ingrceasls}hgg IFt]hep g#gc%ved?wugtgﬁce of the decoupling capacitor
interconnection and degrading the power decoupling performance.

- The series resistance between the decoupling capacitor and power
planes is provided through a lateral interconnection that inhibits direct interconnection
between active devices and decoupling capacitor, resulfing in additional loop
inductance between the decoupling capacitor and active device, and also degrading

. signal routability.

- The series resistance employed using resistive materials on the power
planes affects the effective resistance at dc or low frequency for high current path,
degrading electrical performance, especially for high power devices

- The series resistance employed using resistive materials on the power
planes also intreduces additionat thermal resistance due to intrinsic thermal properties of




The series resistance enpl oyed using resistive
materials on the power planes also introduces

addi tional thermal resistance due to intrinsic
thermal properties of 3 2 resistive materials. Power
pl anes are inherently lateral thermal conducting
paths that provide heat dissipation fromactive
devices. A need therefore exists for a decoupling
capaci tor interconnection design and nethod that

reﬁaquE EﬁaIQneP %\ﬁesoﬁret PBeRBNY RitdrBiNthMR tonducting paths
rdance with a first aspect
thaéprquﬁﬂ@ 'Iﬁaé%ﬁ‘? %éﬂ? r’=‘8 %’éﬂ

€% s provided a a
substrate for power decoupling, conprising: one or

norg ng&f’%@fbr%gam%?'atdyéupllngﬁﬁpétﬁ't@r PiterBdNne c@T ddsil and
vi a | nterconnecti ons hp g" E 0% ?aq'?blké)rs at
mathedsihat JEeSSES ORB 0{/8]”(?8 € @Pvq MERYUSH FERASKS

conpr|5|ng st acked segnments made from |ossy and
F Gtive materials such that a current fl ow t hrough
ﬁe 0S ort onal

pov!B lacsg)éaggjﬁ&h %l fgﬁteas&ec‘ft cﬂ'otg% BE)ESF erﬂ@?1 rﬁ?&& |§r.T§randed a
a @afbstrie fonpewendemcpling Sompyisiogn@rE gremgref p!@q;qymmg capacitors;
S4B sl TR SRICAOD Eondecm kgt ot s
ong1RE theERiSah R AP RERINAGPY “§'89\P§?°?ﬁe€ o Egls g, from
lossyiaad ﬁ:amcmctma/ n"fainsrtdl’ﬂesucdndhaira swreah flow throeghdeeilessy material is
c;r’tﬂB’#Jc{]'nt ltt(l’ Pes?eét%ﬁfaa&ﬁve‘? %H&ﬁd PiAa lof HeSubtisle €ach

may i nterconnect directly to respective
decoupl i ng capacitors and the active device. One or
nmor@nebr trives ohtherinenoacedctons nmayycdoeprige iftarent segments made

froﬁ,qgggﬁ,ca&gdﬁgggu&wg%g qiP! ane of the substrate. One or

nterconnecti ons may be directly
connected to a ground plane of the substrate. The
i Nt EHCafeeat saynfermByab @eiconhattetinfsedes.a power pl ane
of the substrate. -Each decoupling capacitor may
conprise a surface nounted di screte capacitor or an
enbEwisterennnestians raaheRimprise vegical vias. |

The substrate may further comprise an active device mounted on a surface of
the substrate, and each vertical via may interconnect directly to respective
decoupling capacitors and the active device. '

One or more of the interconnections may be directly connected to a power

plane of the subsirate.

One or more of the interconnections may be directly connected to a ground

plane of the substrate.
The interconnections may be isolated from a power plane of the substrate.

Each decoupling capacitor may comprise a surface mounted discrete
capacitor or an embedded discrete capacitor.



The substrate may further conprise one or nore

enbedded i ntegral capacitors interconnected to the

decoupling capacitors. In accordance with a second

aspect of the present invention there is provided a

met hod of fabricating a substrate for power

decoupl i ng, the nethod coﬁ%ri sing the steps of:

provi di ng one or nore decoupling capacitors; and

f OrLNg NGO 'm &P Iflrthate cbinpAse VorR iont eibeo reneiedddedss integral

t he decoupl i n% ca&ac({?torﬁ. LN th.‘r%subst rate, at | east
capgiersointer (rangele fEhe APFAURIRE EPRGHRE:t i ons conpri si ng

st acked segnments made from | ossy and conductive

material s s t drit iriveatiort herd ie psavided

B I T A B
- a mgihod rofi fabrigatingct sy a@fegp?\a%reqeﬁ@'"sr ore 8&?%@'3'”9
steﬂsn%ferpf ; bheny rﬁ?ﬁé @@gﬁpm@edaﬂa@itoﬁsf tied dormisg @e mrsmore

made fromlossy and, conducti v st
verfegb g dratenoec s Kty Sr P clBEAGs e substrate, at loa
onei 6f $erverscal viBhmtérpornectivnseeemnpitingraiac pgragnts maae from
lossy Hnb! ot ot @Snatdidls BB OE: ARVINERITIYW hEougRURE Idsgy amaterial is

gcailve_ evice on-a surface of the  substrate, and
orthogetel with repaFt 10iZHPONEY oF ATAPE GRTESY 1R RREERS 1 o

respective decoupling capacitors and the active

gle;/ 'i‘f'te |o§/ %:b?e B tlﬁ@f{ﬁ? Ogréﬁé'bﬁo:i\@h%'y%m nemkl QR diffdyntdsegments

ohnected. F,ower E{ia?e of the

masiglftort weey antheongkctivsrBatgrials feSReRtEconnect i ons may be

directly connected to a ground plane of the

substrate. T ' Wolr Lo ; i solated from

ap \ﬁecﬁﬁ%rﬁgtn%ﬁgife ﬁtsﬁég\ggggﬁgte. Iﬁggg%w@decoupl i ng

capacitor may conprise a surface nounted discrete

Capp ih@Fcdhetivne Mxgdeedcride sertetkvizapaci t or . The

nmet hod may further conprise form ng one or nore

enbedded integral capacitors in the substrate o £ th

i ntrecoathodtmay tompries MBLBLRY idRgeLNP HEVER Y a\fyrace of Ihe

suttt3ie Q8 ©4eh RehicaGAaGhaP Hidadnnett Thectiyrib aesmastier deestpling

may be formed. utjil.izing photolithography, printing,
Caﬁqcﬁ?rﬁﬁ&?%@@ ‘éfﬁgle‘rﬁ'ﬁé‘or jetting. 5 The method may
conprise utilising LTCC processing techniques.

One or more of the interconnections may be directly connected to a power

plane of the substrate.

One or more of the interconnections may be directly connected to a grqund

plane of the substrate.
The interconnections may be isolated from a power plane of the substrate.

Each decoupling capacitor may comprise a surface mounted discrete
capacitor or an embedded discrete capacitor.

The method may further comprise forming one or more embedded integral
capacitors in the substraie interconﬂec’ted to the decoupling capacitors.
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The met hod may conprise utilising organic processing
techni ques. The nethod may conprise utilising
ceioalimgrocessi ng techni ques. 10 BRI EF DESERIdeEbdGhbo307
OF THE DRAW NGS Enbodi nents of the invention will be
better understood and readily apparent 15 to one of
ordinary skill in the art fromt he following witten .
description, by way of exanple only, and in
conjunction with the drawings, in which: Figure 1 is

a scheasihietconficsisnss RGY | BeN edrmud aWlifihg dheLMEbdradty, printing,

ﬁyg‘%o&gfgéggn @r Bfling €700di nent of the present invention.
gure 2 15 4 scliemati ¢ cross-sectional view of a

substrate according to an 20 enbodi nent of the

pr es @h¢ miethod Aridy @Bmpiisegitiishgd TICK Brocsbmg®chhiques.
cross-sectional view of a substrate according to an
enbodj nent of the present invention. Figure 4 is a
s chorHi MEte By S JHina AEARIccAToREssing Schaifless.
according to an enbodi ment of the present invention.

25 Firgiietn3d heygorﬁ&ttet&tstng csrﬁgggfsssslngq%ﬂgt gw of a

substrate according to an ment present
invention. Figure 6 is a schematic cross-sectional
view of a substrate according to an enbodi nent of

HRIEF BES&RWHONWI#@BRAWH%&G 7 is a schematic
cross-sectional view of a substrate according to an

30 enbodi nent of the present rnvention. Figure 8 is a
s c helmbédimento oihe gweition alill e batteo iinderstodub dridaeadily apparent

P BRS Bﬂbrﬁﬂattyosléﬂnin B HoHRRL f&fowfr@%tﬁ{eﬁ Sueegargthgé{ G Jvz%POf

ematic cr OSS secCt1 onal

eﬁf&é’? P?H é‘“ﬁé‘bﬁt“ﬂt“ﬁ‘ﬁ’“t‘“ﬁt 2% dravipsRimetienof the pr esent
i nvdriguren. is WEcREOFCOMGEAScREAY iss? 00 8 /s0PAIRT acdordmigls I

efBodifem o HRPIRhGnihfiss- sectional view of a substrate
to an enbodiment of tl he present

v DA BTt £ross SROOEROHR PES ShENSIRsprEP an

empedimerit ofithe pbsentdtvendoncor di ng to an

Figure 3 is a schematic cross-sectional view of a substrate according to an
embodiment of the present invention. '

Figure 4 is a schematic cross-sectional view of a substrate according to an
embodiment of the present invention.

Figure 5 is a schematic cross-sectional view of a substrate according to an
embodiment of the present invention.

Figure € is a schematic cross-sectional view of a substrate according to an
embodiment of the present invention.

Figure 7 is a schematic cross-sectional view of a substrate aecording fo an
embodiment of the present invention.

Figure 8 is a schematic cross-sectional view of a substrate according to an
embodiment of the present invention.

Figure 9 is a schematic cross-sectional view of a substrate according fo an
embodiment of the present invention.
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enbodi nent of the present invention. 5 Figure 12 is a

schematic cross-sectional view of a substrate

acuprodi/agi7t 0 an  enbodi nent of the present | PWRSL20@GRK0307

Figure 13 is a schematic cross-sectional view of a

substrate according to an enbodi nent of the present

invention. Figure 14 is a fchematic cross-sectiona

VIGM/Of substrate conponents 10 during a method of

f or m g 18 e srhemetiaeioer eictigal dew el ssbbstiafreaiconingtthen

embedimbnt df e prdsentinkeh@r € 15 is a schematic

cross f e for accordln
Cor arr B bR B, Hoo s RHORR] il St Bl et 1
Fa 8’@8Wéﬁ@?P€56W6@§m@§btlonal view of a substrate

f or meftigurd 32 & setdimati drossedeciinaDdewIeNS sQbstbREaBEBHEM an

élﬂlé@&%érﬂ%fthbgpe%%ﬁﬁr&%qﬂowth a discrete dec"“f"nioggance

capacltor ure 17 shows a pl ot of
ver sdd9y§ & lﬁeﬁwwemﬁvw?ﬁsmem'@abwe% ehpavihsyeie aseerdingto an
QBMEmn@éobmpbmngm&ubﬂmhate according to an enbodlnent

t ecou n
st g, Mg Bhele Hr AR RBL oA e Pore
Y08 A TR ?fcfema@ 7 Afbstraig AseRrding fp %erabe@umt.oﬁgwe present
’Bw&@ntors 25 and systemlevel integration with

dl | ek L& quﬁ%t%éma&r%ggg&nbﬁk[[eﬂé@' €aPagl {m‘% fomged

£ ng gd di screte capacitors evIl ces,
CSTHAINE I 3HTmRAdIaet obtpe RisERNt VeRtioB-  bef or e msntl oned

conpbigaet 46 iFi guscberhatich onss-adutiondd odéwBsTt aOfubdirate formed
a@b&@:ﬁ&tﬂ? aﬂmﬂé?ﬂ oF aﬁr’e&éﬁl’t lrilvgglotng%\;é %er Cot’qnegltsi:r%{é

VI as are use

0SS
deﬁ?@ﬁ@b %F’?Qpﬁh actlve devi ce 104. The Iossy vi as
100, Aig@recéih shews ox i ofS infg:dendg. v@ke@tﬁeqbeﬂcyclllusvatung a

chpdrisBs behn%lal?%td'og)eﬁae?bo%lﬁ sﬂgstra@ Sl to a mboglment of
etti ensi ng, el usi ng SE Pﬁ
%‘B@@E@b g%@ﬁﬁﬂpgwwc{eﬁ?w"@a $ybsiraing I ayer s or as
a contlguous via segnent. The materials can consi st
of but are not limted to the foll ow ng exanples: WO

D20 RASTLS, PST/ SG2006/ 000307 6

Embodiments of the invention provide interconnection to decoupling capacitors
and system ievel integration with discrete capacitors, embedded integral capacitors,
embedded discrete capacitors, active devices, or any combination of one or more of the
before mentioned components.

Figure 1 shows an embodiment of a discrete decoupling capacitor 106
inferconnection where lossy vias 100,102 are used to vertically interconnect to an
active device 104. The lossy vias 100,102 can be formed using e.g. electrolytic plating,
electroless plating, printing, filing, jetting or dispensing, either using separately
processed via segments within different layers or as a contiguous via segment. The
materials can consist of but are not limited to the following examples:
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- Electrolytic plating and el ectrol ess plating
techniques: thin-wall or low conductivity netal or

NRoaborefpRosi te - Thick-filmprinting, fillimgssc2006/000307
jetting or dispensing techniques: Polyner based 5
thi ck-fil mpaste such as carbon conposites and
ceranm c based thick filmpfste such as netal oxide
conposites. The vias 100, 102 provide | ow i nduct ance
i nterconnection between the discrete decoupling

capaci a@amﬂy&l@ oty the. asdiolss %hgqeaq%uegﬂmhkrﬁ&au or low

| tane roviding 10 contTol | oss
%Qﬁlgucﬂﬂfty ai %@g'fcfiwp?ﬁ’tﬁ i nterconnection, ther eby
pr ovi dihiel-file ponteg c Blirda jeiing @r ditbensing rtedmlqh@b |Roljves Hased

@d%ﬁﬁuﬁ%%té %hd:fpﬁs cgaaaplaas, 64HRE Ak Qlokaptit %%se@fh;é?@ﬁmx FRYe
t he deS|gn stage prior

?%B??E’ﬁiaf%’ﬁé] ‘f‘ﬂ'j"q”é'é‘?sr zed by a conbinati on of

geonetry, selection of materials and processes. An

I Nt erRadiastE)al2 ﬂ»réﬁM&‘J !o%%u&%ce{iht&@onrﬁ%ﬁ%ﬁ@éﬁ ke Qidcrte
€. S

C
EraBinoneeciot fie 910 shialiel b Copplpnee Ry ovang
qantRiable loasyechmeRterislind forhéa inleronTRtons tagehyauewding esenance _
dafhbﬁg g&b cor???b{éﬂ ?g&aﬁd&r@hcs lehath@erklds, or both may be
B TREPRIAE S Fiag¥ G105 o ByRBRor 7o feflsed v i oninaton o
gsPraFie. seleptionnof; siaterals andeproresseseAn OuemaFisigoalday@r éﬂfbfns high-
sPEEAQBling Btals@fforhﬁﬂ irfHhe GliRlrRe SRR 100 In SAPERbddRen? B via

150 5 QBB ILE B et Igteri DA e HELH ctmiibe 14 8l
gerend plene $14. é@om@mwa §D‘mlf1tea¢ontle§=t8ﬁhg raand plalad 14 ¢z the athe

el 102 Add B Nia 108 iftEdMRELtRd PivePplfine ARESHE a&w&- kiévice 104.
plating, electroless plating, printing, filling,

jetting or dispensing, either using separately
pr odugise@ showssay rwwpérmamt ofi the ddifciaie alecoupling: capasitor a206

|r&r6dhﬁédh&U%§rthé\'n§g‘&E&B Jheviad ago, 2490, argol?seﬂrtev\}eﬂ%ally

g hoh ”c??%f'é‘%ﬁm%%i?vher?@%””e'faf b 1o The Tey Yk 749202 can
be| éqrmefé usiggie.gwkletigytic plating, tefacaiess| plating.ominting dilling, jetting or

diggtnting kitrRPliging é@eﬁﬁr}éteﬁtb?dc%%@ (ik §édn’ié‘ﬁtsf\nﬁﬂ1mvd:ﬁerent layers or as

« N S, o R o
betwean; thg dissrete decouplimgreabaciter 1208 andbibe rastive devieec 204 evhilst
suﬁﬁ@nec%dglyagbﬁdlﬁgb&ﬂtraﬁﬁlb IoI‘i ecﬁé’raﬁ}te%%s' for G RR&GESectbl)
i BT Yoo RAES BRARS 07 bt e Kb aocsi e
algd famd In he sehstrainstruttge 21k Ig thisugmebodimenteth@ ik 200 ishcontrsted
to%g‘iﬁtéfﬁel r‘b%ng 942, Al g'te av%tr%%\zl W @nrlditd e fnié‘?r%‘i‘ Lt fidie

2B NhaPug D0 Bfeohiran g eH Pora 2 ke SV e o and
the vik 263 interaq@pneciarthe poweri fape 262 tixthe potisd dbvigec?0d. Iprfigtre 2, the
Vi SENShn beyond the ground plane 214 illustrates connectivity to external fayers (not

shown).
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WD 20071046776 PCT/ S&G2006/ 000307 7 Figure 3 shows an
alternative enbodi nent in which vias 300, 302 are

f ing nultiple materials e.g. 304, ﬁgﬁﬁgﬂmgmmm7
c%%gﬁg??ﬁé and | ossy respectively. The vias 300, 302
can be fornmed using e.g. electrolytic plating,

el ectroless plating, printiFng, filling, jetting or

di spensi ng, using separately processed via segnments

at | ragite Deriowean dtbattliel dn@odinfenbin ikich viaa|300,a30ar#8e fornged

S04 i 8, 98 0r B SRl e s o0
ﬁ@zgpg@w ugige: es%@aolw‘:&leg@q; RleFIroS S5 et PriaiTgy @F@dﬁwng
bradigpessingl ushily stparaly| petested Wiscsep@gite bt least bativbére the niifferent

.%gaeﬁéﬁhag&@ g 30478 bﬁﬁe %993&9%02 %%é#qt mwe'aeaua&@@ﬁﬁt

I nter |on et ween di screte ecoup
ea5p Attarighlaysng - %d3%§rfﬂ%>tﬁ'fw%e pragseed ‘e%egf%ﬁﬁswg in different
Isyensilot as) @ ovatgpoysr Gy isdyment 6o niffierehi ebbodinlentss Yhd Oias 300,302

&aﬁa@m %h&édc& %téreamga@n 'beﬁveérp&e%eﬁeteoaew& @éa,xcnor 308

resonance

rovid
6 ;. gt et 1 i MO STLMEBREY B R ¢ FSHOIabie ooy
datasteristitsdorsdarintertcomectidh Anertby réviding resvhade denging. Aliep sigral

1&%@ 3 Pof 9@4@&5@ Coukify RMido¥biidadh tHéQéﬁﬁtEtraﬁal adurslda. cm@h.s

ed t.o an i nternal
SRR

connec d
b 5 1§ SR P DRRB PSR g e gleae
c@vected t¢ breingeoial gounkk plane 381 Gynotherdvia Bl inieo@@8ts the ground
dléh%%@ Qme%@et&e.cé %ﬁ@raﬁalthmw)s .r&écdah@d&emé Yerh® doler
evi ce |gure 4 shows an alternative
P@ﬂ?ﬁéi‘f adi“’ﬁdﬁﬁ?e&? honogeneously | ossy vias 400,
402 are used to vertically interconnect a discrete

dec Oﬁggrg Q%\I}:&gsg af 'aﬁé?ﬁaﬂé@ gmB&!wﬁéht ll‘aﬁftlibﬁ/ ﬁ)n%léﬁé'bﬁslfl fodsy vias

ca
4&? P37 Yser do ﬁ?’ﬁ‘iﬁ"ﬁ 5“3’%"%1* é‘d’c‘%cEﬂ?ee‘g%‘tﬂl{%ﬂ F%G‘“f"g 408 to an
apiivievievicryd04£ Thel lossy viap 600, 402 car baliospdnsing g.9. ediioltic plating,
el ks PRAR ﬂﬁﬁljtgy ﬁlmgojéﬁﬁﬁ BibiispéhsingS GHBERING s%amélf‘processed
di fferent la cont | guous via segnment 5

vigisaremti Wt iTersit JEYPE BF 2 2cFORIEHE FRSgBRE TR Urret0Rn 402
amdol@ecbﬁmnithplpawer A4re, 41resyg goiuny plages 4t dasaecavélso rand hiedbr

He‘yxeego%ﬁmﬁp)mo% v.éaei M%Fcoﬁh&ts%ntb%l%ﬁr@r%@h% to

the i nt érnal ive

Ve eboq fd. BreLibe 1 408 ILerERTRES I STOHES HPRR A 1 1 agtive
dmw 404. t The \dast 4002 4085 powide dew 4@dctanth éntencermediod bet@gn the
daeeret\é' &Lolp gwcbébqaﬁ A08 Sanki "the T LMRANGHIch %bﬁﬁﬂé@ SthulidHRously

discrete 'g.; acitor 408 and the active
prgvding @ﬁ@ﬂab*%\}ﬂs%t‘ %?‘ﬁ%ﬁ'%@b g ipteragangiiag; ﬂlf’e*’y providing
resarencoddnapiigeA tqs signat lagerad O dori Highi-speed routing iisalso formed in the

{Tar ) on, thereby providing resonance
® anplé%gﬂﬂ%qt‘%p signal layer 410 for high-speed

routing is also formed in the substrate structure
412 .Figures 5 to 10 show alternative embodiments of discrete decoupling capacitor

interconnection for different fabrication processes and to achieve low inductance
interconnection design flexibility. Figure 5 shows multiple power plane connections
through vias 500 and 502, and lossy via segments 504, 506. Figure 6 shows multiple
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30 Figures 5 to 10 show alternative enbodi nents of

di screte decoupling capacitor interconnection for
dwbheeib7¢f abri cati on processes and to achi exca/skoss000307
i nductance interconnection design flee ibility.

Figure 5 shows nultiple power plane connections

t hrough vias 500 and 502, &nd | ossy via segnments 504,
506. Figure 6 shows nultiple WO 2007/ 046776

Pk P26 0ernBa0 R Frough Y-aWEN0 4bHH02, andresey Viacagmdnty @04gR06.

wg@é ﬁ&@wéﬁﬂuwg&?gm e@'ﬁg d 9§§:¥ct¥h@th§ﬁm9$ S0P 70806 1ossy

Fi gure thovver | ane nnect i ‘%B
ViR ﬁ%ﬂf@%tvoﬁsm?o@%ﬁﬂ 7?6 iguie, § Shoy&s sin & BOWEE BlRRm pnection
thEbigh BOB ,and OBy ein deghicdits F0i2gE04e FRUShDwlsove miliply povo \niane

ABGoRORREGH Ligd 9od Q{dogt&h aﬁ@ﬂ)ssﬁﬂg shgRaYs y¢4a 9@@@*@;&; g0
802, 804. Figure ows nul ti

A GEiPls o Pty ﬁow%fgmg@t?ugﬁd‘a@dgbm o R e gy by via
sspgreintlgosoeds. 906. Figure 10 shows nultiple power
pl ane connections through vias 1000 and 1002, and

| ossy._via  segnents 1004, 1006 F| 1.sh

L0t oS gt SBReT A pusipave apredimott 8 Whidii SRRz are
foOnéchusimuomultiple opatarialsied. d 1041 €04, &b@uetl\@ anl1opsy Iqapectivefy
méachone@@d;ah Qé%(’mé@%ﬁﬁ‘&b'gVSila&mith i@uﬁgl a:aaaavee@puaung

Pl Fatos 4 Arkyrond, el g ilahfontad vo.fofit d&f‘r east
ibegee i ditprentizeiede! Bygaeat €104, b‘rﬂﬁ@é@seﬁs\ﬂ@ 98 eyer, it

\ng%%ﬁ;ir&céaé%m& &Et@neﬂil Eﬁ‘é § nIt1 Omtl 64 h‘l@i{ ak@pe b&c&s@d via

SRR PN e PR O A OTBEr i Py o ypdfmens
moeamyocamg@z Ipesvide deve Sisisctandeaintesconeagtiom betwegnt Hiendiscrete

d@a&f e BpakidY $ids £id ;ﬁ.sacﬁvec aé\hdeguws\um:b astrngf&Bély blféwldmg
as

t nt 110
L
dhepgph kapcsigraldaysr o1 farlidgh-spedd sontingcis ialpe fatwed ttlél'lqi@@trate

iy 194Ul t aneously providing controllable |ossy
characteristics for via interconnection, thereby

provi ding resonance danping. A top S|gnal | ayer 1111
for Mheysubsipestructoe: 1M ini this shbodiment frsttier includsea high dielectric

cohatt nikdial 188 Si‘i{d%ﬁﬁéa%ewehﬂ ﬂweTBcﬁveS Bsd ﬂmoeanatgiddﬁa \plafle

ip th t f
A& et o cooedled B ¥ Pz, et o U 5508 e s
1442 ingbin etrhelimentembelided cagacter stndurgs o0t 16 keerfermed angthus
d bowidr ldkcddBing AR Rl Q\m*ib' dBcrBR! ¢ t&kléd eldoa Rith BRb&ided

b t hi
camﬂ%%ﬂeﬂéﬁﬁ?@v&@ade 08 she Blrgpdiment Py it Pigbrg' 1 e vies

140@1108r e dsdduhet! frbraghe ground and power planes 1118,1120 respectively.
Another via 1101 interconnects the ground plane 1118 to the active device 1110, and the
via 1103 interconnects the internal power plane 1120 to the active device 1110.

In the embodiment shown in Figure 12, one of the vias 1200 is connected to the
power plane 1120 whereas the other via 1202 is connected to the ground plane 1118.
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a power decoupling network integrating discrete
capacitors e.g. 1108 wth enbedded capacitors e.g.

I Badhmspisovi ded. I n the enmbodi ment shown i mcirisgrngnooser
11, the vias 1100,1102 are isolated fromthe ground
and power planes 1118,1120 respectively. Another via
1101 interconnects the grofnd plane 1118 to the

active device 1110, and the 30 via 1103

Dihtrise,offign elCtis idehtizali to Figr fralang twesamp refarendsl @ Mnetals Hdve been

Gt koY e 98V 8EmdrkdlQ feahifedt e enbodi ment shown in Figure
12, one of the vias 1200 is connected to the power

pl ane 1120 whereas the other via 1202 is connected to
t he giooerld shiveran alidrb@ive WEbRD TNt BUdichGias 1300, 1302 are formed

Eéﬁg{ﬁﬁ’;@@ﬁé@ﬁ%ﬁ Q4. é 9%431 ng@r \ébrﬁfach\.%' s&d Ide’y 'rtfspéc@?é\% rrgﬁt%s
807 4 e 0ok g TP S B T M Gis3 HEG rvin,
fdling.iettingnor afspensingt ising @narefelymwsaeﬁ vmegmem alsledss between
taé% Qiifer&{t%sftéﬁéﬂﬁ%rs ég Lh%bmgastw bftth@ ligs IRjoe a2l ﬂo\&v& [t w:li be

rec:éteci 3‘6’8 eac_.i_r?3 dxéalfl e%rar? Sy ﬁ gtISGﬁ a‘P ¢l I v Ecla processed via
S@Q@@fﬁ%\wtmmdlf@rqﬂt larar&'ng as glcenfigvays siaseghent Inm@‘ferqatwnoﬁlrrgpts.

Vid h3dong c%dn&ﬂéd 30h& powdir %ﬁﬁ@?ri}‘l%gmhdvt% 0t ﬁ@aaurr] &nRécted to the
a ts at |eas ween the

Py GRER, 380y 4PFETS] R, g opd Gt = 70, 1428
infgyomnecligy? areHpvavided | thrpughmviaﬁ 15’62 @mlpﬁé%‘i a@s@acﬂv%t In this
eﬁﬂe@mmtrﬁmxﬁpaé pdv@y ﬁlanee 1818, 138¥are pRiGedTMIpleSRWEDlanes can
BLSEFDYTHe e P BNl bl SRR S s
r@feranq?mesfgr higiheneed dighat ioutiige power pl ane 1318 vvher eas
via 1302 is connected to the ground plane 1320.

Addi |onal ung.pl an 32Q_an 0 ne 1318

"3261e; o, 908 n 2iter BR8ds, 187 ndlPnd Wit Gy iiten 2
epherded zdlscretfs peeaubng| gapagiter t130% and ndso @rtive n'devicemﬁflil pwaile
sﬁﬁlﬂﬁfeo@iy@ﬁﬂrﬁjlnb%b&mllé@@l@s@ lcRarRdtensticiast- wd\ﬁtlefcbrme&mﬁ QMR EDy

RS Pashidhod SamPint A& fors forel Bt foth 1 ¥ Shend royting s aiso
fosees! in theraubstrafecatiriorscid 1| Tha substrate sijagie 43teiuthis exphatiiment
fl.litﬁéﬂlﬂsdlﬂes d high MieRstrid mmntm&apk@mgﬁs foRéd HRENEH B8 GBwer

d
Plgfl 153 o e 13207 e, EPRRRER By G128l sl 1 g o
thahin| the saigtrale retrbetoncl$i2 iny thisr enbiadimegt, covweddsd| infegral qag@ﬁ«}r
stﬁl&ﬁl‘e%cé gr sk &8 if)ﬁﬁedVérﬁi {né &f Bwelﬁa%@ﬂngi h&%ﬁtxmegraung

'5 OVI n %g%%@ °2%$ ph‘gﬁg g\ﬂglegugec}dpg F?@E gl[%;l'él' is

P@w@%#rate structure 1312. The substrate structure
1312 in this enbodi ment further includes a high

glete l}}g C'b] IiJIF %8 S na}ga %ty tlrtm})taergénaéhlieg %?tjiﬁatf t% regﬁgocﬁments in

Figures 1 to 13 can be realized by, but not limited to, printed circuit board fabrication,

build-up organic substrate fabrication, thick-film substrate fabrication and low-

temperature co-fired cerarnic substrate fabrication.
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pl ane 1318 and ground plane 1320. It will be

appreci ated by a person skilled in the art 25 that in

t W8 26dksbfsat € structure 1312 in this enbodi memtsE2006/000307
enbedded integral capacitor structures e.g. 1316 are
formed and thus a power decoupling network

integrating enbedded disct®te capacitors e. g. 1308

wi th enbedded integral capacitors e.g. 1316 is

pr oviFdeigatioB Of & subsirdte stoetusipr meientedutiyg inteecpenisappliances

el g;’sf‘e%s' aﬁc&r&]ﬁg S tantet}%plé héhoedinest iTBRESbE he}:e'irﬁﬁ@reﬁsui?

limted to, printe

L U S L i (N

substrate fabrication, thick-filmsubstrate
f abr ic@bire A4 %ﬂle%r 4 ;ﬁér&éfﬂoc @gfehﬁ&ﬁorp@ram‘nafe 1402.

ubstrate, f rlcatl 2007/0

pBier Be st PEe A FRrLEAR o oUs 218 9k ol de, metal
foily alteady erefl@mm@tedv@n thrclemingls H92i andeingy cppliss copper in the
@@mpleaéim.mean drneWarhiRa® 1302 kil Ic&ﬁpﬂis@ B iemmh@ed to, BT,
l—eFE% (Fass 200; an escr secp ma?er l’r'%' I 19,?£}a)° are
Su &rat@’%’r WF Cl I Ccul 'Boarcf’ mﬂ]u?act
fpimnddry ﬂ@slamlsateri 4p2 yeingmeghanigaldyiilingy igser girillig., gaf@tmd known
t@&mmeéﬁﬁ&védsbgf SEdeRticOMktiag, Iewar@adsqotahfl@amnnnahmmg, jetting or
J@gr% ngtatlr othegg( ! hetegh ound I‘Pele éﬂoﬁel&%gc %gl{gt)é'nk ?l%terng

depesited ky pEpting. ﬁ‘ﬂ“ pﬁ%,tmpam cﬁ%ﬁrénm zecha'ﬁ'aEWny% Apfiglecdic

I9@P P14 fothk bmbeaa@mbmemlcw die rfaﬁiedThae Ihaym didlédriclbpgtant
imte

n‘fﬁ\qgna? Eérrsﬁﬁse Cf:|.=:r.'=1r|i'uc fill nedI % a%med' sl h as Ba‘ um 'Glégéte com mgo?rte
p@sfg mafmfz (bg) spiy eoai@d @romm wrmtqdr@d %HW&% @W@Qew
afsemhm"calacﬁtéhhd; lcﬁﬂmpaﬁtﬂﬁﬁ fwithll bigkhiB JsubStrated NET thi Nathple

‘T| Fllr o o SS p mlé:/\ﬁl‘lje Xre us & %or l(r)mI %g%elcthg ld%‘iec[}?.tconstant of the

I Ng, prln
pa$t§ gerike eyarople cﬁnmlmmbmm% dh‘h iPgwers Plamé x11406 ds Rergwed by

pHhRIgEsi totet kfoWhbaiMquagt erial is deposited by
printing, spin coatlng or ot her known techni ques to

forma dielectric |ayer 1404 for the enbedded
capaiother aminate 340 tyniselly arbrstage grepriiscirdesin cesteberppremis
paoﬁldwtrﬁwnglforﬁﬁﬂ tRREGH 4 SnAl PmB11316. The chatialster the dighal

L e
th@ela@wateab@ﬁtar@lsm@( campriseviapgerc dniet exsimple gmbgdiment.  The

[AIeEA 1 4D8SdaR %bmiaﬁ@scflopgaht&%aeé@maieﬁazs evitawégmeﬁ% eE{w 2412(b)
ectri

mglgl[ﬁ!a ‘{Jclgfar% ﬁléenagﬁgg%ds using mg%%r e!ﬁ%ﬁlg]ge El%er nilmﬁt & Sther
kg techifiquep dalowed| Rih printiag dilling, jpEngred disgensing op iofhet Keyn
teBfinikdier known techni ques.

The laminates 1402 and 1408 are than aligned and laminaied, forming the
substraie structure 1500 as shown in Figure 15. Finally, to form a subsystem, as
reshown in Figure 16, a discrete capacitor 160C and an active device in the form of
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Anot her | am nate 1408, typically a B-stage prepreg or
resin coated copper, is provided, having forned

t Ry 9@ms@7si gnal pl ane 1410. The materi al s farrddassooozo7
signal plane 1410 can conprise, but are not limted
to, netal foils already pre-lam nated on 25 the

| ami nate 1408 and nay conprlitse copper, in the exanpl e
enbodi mrent The |am nate 1408 can conprise of organic
Had@® indeerpmble emodimestare intsrcenngeted #AR () subsinate structure

h 504, aaﬁ@soid@esamfoanédﬁsﬁg égwmﬁi :rHﬁé %nﬂ}f‘éé}ﬁ%oﬁﬁém

drill drilli echnj ques
fol | 4 *“efa‘% ] BSe=Pes 5oRF Piye B B cs fergvig 4
Br 1%eH @?S rmlmgam"e pitreepgest Wi GeBrprebiafeidriat sepersd0 Silinddn
thd 0Bt aae oﬁnbﬁfﬁbﬁbétﬂﬁﬁﬁo&@%s' ﬁ‘i matRdd lifl Qfiffard e etnlﬂ,%dlments

re 1500 _a
RSN F0Pp el 4 o0 R i Bl Berflon iHCS rdini co)
Tenuf%Pflains @F@F%seéaﬁaerr LHEC eatodisgot, the sianal, wewere wid ground
ma:reasfmamt;@ﬁonw&i w%&@ 75561 EahhSeR Q@:@/ Q.Q&ﬁﬂ%chu%&uelscbnto
n alr
CHe e IR AT 08 LB e oy oG IT G e
¥ @bf"ieﬁr?@wél @Jncn'eemf ithe tape f@wmcbfo@mmﬁmg with the
refiare nidtegial ADTHeCHHMNLTUMERREEE sHas Gl S thah Beerohdd by

1 sed on_or

AFRERBIGENCR e BbRE Side (e R BF IR RO b e

SIHiC PEesEE appied ﬂtafﬁn@?ﬂaévesr '@bﬁh%h?@"@n The @yw@@% strapjurd és

:{hmetied rin i fufreicendt tempadiur@nbswedh absldi 7597C lwtabeﬁlt 900°C.

nReL A

S*edr‘%’énﬁ% %Eﬁ%‘é? A o s S S bR e/a o opdegane
mgpffer t he signal power, and ground planes may

be forned by printing, spin coatlng or ot her known

tec rﬁblﬂ%@% s%g\tlvg mé&:{aﬁ?& %e&ﬁg ?rte a &y ?;g%a%}e?sﬁﬁ% Illl;fﬁtra%ng a
C?'a%\sgn Betwaet A @ﬁwe'aqiecpuw@a.sngst@fe adeerdingpe an ayehodimentiof
thiedhVentierd (dopref 1700) BAY W dohvériiBnal pBWEN @stbupiinl %ﬁb@&a‘ﬁe (cihe

t
S e e s e A
?‘%B‘Fﬂ"{d% rﬁ?é'ﬂatf%wbﬂw der| RerieEnanse priinization awitheut pir axibua eeduced
adtipral gpelcendr vilami@Rgaiethetsvithin tr2isabtiratd Qferebldfernl Bslg Al Blay"

Ll fur ce.at_ tepperatures
'“%%%*d’ésﬁ =Rt ol B8, bl 0GRS o TR, Bosharce
daeiie 909 FRguced @r SinimaR josp lwp%@g §rewltane¢+@wmmlwpmendmg the
opemfigy fieqadry BAd éRilcRithe foRbregiiuf inPERhde Whilst providing low

impedance to high current distribution.
Advantages of embodiments of the invention may include:

- Implementatfon is compatible with a large variely of substrate fabrication
techniques and materiats, including but not limited fo organic, ceramic and LTCC materials.
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Figure 17 shows i npedance versus frequency
characteristics illustrating a conparison between a
pesEnoeeoapl i ng substrate according to an endresdizensnoso?
of 20 the invention (curve 1700) and a conventiona
power decoupling substrate écurve 1702). As can be
seen fromFigure 17, the ex npl e enbodi nent of the
invention can provide design flexibility for
per f or manBesigopiekibiity for i pexforminch otplimigatiominithouh o witfu @ergduced
adtatiohdl gjtaeé or?&é\ﬁ@rg@ﬁrer}d?ﬂt Witfen the Q.lhbsfrm dtebglf\bﬁepwprh@ 8nd pay"
. e ereby offering "plug and pl ay
%ﬁ%%%%g %g |ﬁ%@ysten1design. Furthernore, exanple
embodi menf\dicgementat pEwarcedampipbang eedotsd gampime leph inductance

ﬁimdxuﬁ@ﬂs@rth&b%yi aadéndlr?@ Ofe idﬂ:dﬂdﬁ’_fgaﬂé‘c?eﬁy Nadt AAesHAS the, power
tendl.ng tnp oper a e e -ak
(‘?'e@u i 5= Whe\sg?mw |"§€°r“{)] %'ﬂ?a%g%q? %ecg}genngé%é"b&ﬁogl st

cin ne po ~adrstr ] .
pr ovi-di ngHiBlbewrrentHissibutinndn peyreriplgResia pRaiiagied by lossy elements in

dasst ri buti on. Advant ages of ernbodi nments of the

inventionngﬁy ' Hgf' I mgég' [ _
conpati bl e Wa{ﬁ'ﬂgd a _'agwgegp%%se%@ sul ts"?'?sasyglmemmwas"
f abr i cat i Bectot Bgsnslic; jesrfaiense bk} i shieling; fic IPaMe glaper Is
umaffediddrtly ic@s) dletments iaizs Bnd sTiereided bphighi chicivaplandsal S.

WD 2007/ 046776 PCT/ SG2006/ 000307 12 - Design

f I exiliih bk YapfRtialB® b T FERRA SkfMBd ilMihé 3l R MinfehRY vafitions

w,th a reduced ddi ti onal space or volu . .
I TP o Mo L B ST e 2 o8 % fe gpeciic
enlodigrents dvithbwt ydepartingt fegm aite epiriti or st efinthe dvegtion as broadly

dREEHLEY. EINB BlesiHt chiBSRNEHAS Sre SRBRINS tGHcdnGHLIEE fh MTrespects to
|quIquﬁB|ncuctance 5 simul'taneously, thereby

m. ay

%Hﬁ@ﬁﬁ?ﬁ@“{ "e8PeM&t i ng frequency and reducing the
power distribution inpedance, whilst providing | ow

i npedance to high current distribution. Hi gh current
di stribution in power planes is unaffected by | ossy
elements in vias. Thermal conductivity in power

pl anes is unaffected by | ossy elenents in vias. 10 -
El ectro magnetic interference (EM) shielding in
power planes is wunaffected by |ossy elenents in vias
and still provided by highly conductive planes. It

W Il be appreciated by a person skilled in the art
that numerous variations and/or nodifications may be
made to the present invention as shown in the
specific 15 enbodi nents w thout departing fromthe
spirit or scope of the invention as broadly
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described. The present enbodinments are, therefor ef GgSG2006/000307
8 January 2008

be considered in all respects to be illustratt§eY
‘not restrictive. PCT/S&G006/ 000307 Received 18
January 2008 13 CLAIMS 1. A substrate for power
decoupl i ng, conpri sing: og or nore decoupling
capacitors; and one or vertical via

i nterconnections to the decoupling capacitors, at 5
|@agksone of the vertical via interconnections

conprisin cked se de fromlossy and :
conductlv%‘ $m§egfgm§g§ﬁmpﬁgp LEPFENt f1ow t hrough
t he | @y momdenolpling cspasitariiggdnal with respect to a
povveror@r oﬂh&@n%ﬂaﬁﬁﬁ lﬁ’tgchrlﬂ%cﬁcH'EStB rtﬁ’é Qeceltglingz cap-gg?ors at

% tratth &ﬁ im1, further conprising
an-acti Ve JEHR “Wlﬁ%%‘&e%'ﬁ“%com%rﬁfnﬂa%w Sp@aents made
datysiprat «’!ﬂd eomaiuvitve rredterizéa slichvibat b catrenti Bow through the lossy
hTAAEOOBRREbAA ith RIBEAMREEHS ol biind @ ALARSEHEY
decoupl ing capacitors and the active device

The substrate as clainmed in any one of the- precedlng
clains, wherein one or nore of the vertical via

| nt eroonnd Lansa@r & GLRAE RYAGANNCEHAT Lo ROUA! cove

Elane of the substrate.

PRGNV oF # 1w ﬁqeeefemengubéﬁatﬁnﬁnd m@feén gacty yegind via
-nlerwonetion irtdreonrects i drattly b asdpatie cRaelihg @asackbie and the
il egd k% connected to a ground plane of the
substrate. . 5. The substrate as clained in any one -
of the precedi-ng clains, wherein the vertical. via

i nt eBconMAetsubsEataBE iR Bt Srie@Tt & (ROMRINgIANE, vierein

. drl&rS é‘i}f %evert»céﬁwg mterrhgnn%gt%% LAl & ire%ﬁy %oﬁr’lrlﬁgt%g L4 art}v\é

one o precedi ng e I ms,  wher e

FH Bstfagapaci t or conprlses a surface nount ed
dlscrete capacitor or an enbedded discrete
-capagi tor The e as.cl n
of the rng ggbgtrate % cI3] H;Qﬁ ?r{ on% of 81 rcl;egin é:laé n% W em
"6 %8 ﬂefﬁoefdae dert'ﬁ%fefgar lafer@a@%célprtfowg qrfm rasongRiRst lodk ground

plane of the substrate.

5. - The substrate as clai_med in any one of the b;ecedingclaims, wherein

- the vertical via interconnections are isolated from a power plane of the substrate.

6. The-substrate as claimed in any one of the preceding claims, wherein
each decoupling capacitor comprises a surface mounted discrete capacitor or an

" embedded discrete cepacitor.

Y A The substrate: as claimed in any one-of the preceding claims, fudther

-comprising one or-more -embedded -integral capacitors interconnected to the

decoupling capacitors.

Amended Sheet
IPEA/AU
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decoupl i ng capacitors. Amended Sheet [PEA/ AU ’PC]VSG&006Km0mW
:Bf:cgwetkls January 2008

PCT/ S&006/ 000307 Received 18 January 2008

nmet hod of fabricating a substrate for poewer

decoupli,ng, the nethod conprising the steps of.

provi ding one or nore decou&!ing capaci tors; and

form ng one or nore vertical via interconnections to

the decoupling 5 capacitors in the substrate, at

| east 8one HetHag oféeabﬁ&a@f@ a \gu@atdgtétf?wwaa:aas&dusnn@athe method

G - ed segnents nmade from | ossy an

6%ﬁ@ﬁ%ﬁ$€%5%§?§fia|s guch that a current ¥Iow

t hr ougtevigine ohe ssyorgaicequpliny ¢apadiotshagbnal with respect

tT 0 a faxamt # g Btke clgr @.@F&S v_e}ﬁaalev@f in&éﬂ%nﬁé@%hé abenk0 d&eoupling
: od.as_cl ai in aim@8, further canprisin :

e ieg Pl s POl qeuret G R L PRUE oY (HBIcomectons

Sumetising Yackan deyhetenadaefamh loseyr aridoahdugiiee- materials such that a

&Rt GRWMAFJuSh Ghd RELY YnalcRial BSRBEEINLLWHE FQWBLT 8% power or

cglpﬁl%orsﬁ nd the active device 1.5 10. The nethod

O RIPRR AT MRS W2 8ne of clains 8 to 9, wherein one

or nore of the vertical via interconnections are

directly connected to a power plane of the

substrate. 11. The nethod as clained in any one of

claint 8 18° MPhafs epimeg e clin Sy ribgr eoprisinggmounting an

gdlivei dadicevipa 4 niudacohabd | soihsirege, cardi whetadry eacnnetitgdvia

- Inr@heUY girﬂf@%@eﬁﬁ%ﬁg@%ﬁ%%%t%s}%d V\tﬂ@&c’tﬁ?&%ﬂ%. as

.
clainmed 1 n any one erern
vertical via interconnections are isolated froma

poweriopl afies oiE:tHollexsSiaéd Bt fhy2meld clales i@ beBerdif one or
b 6}‘%% ViV ?rﬁerggnn%%n%rédﬁé%ﬂ}go@mgé # QR&Z«%hplane of -

@ecoupllng capaci tor conprises a surfacé nou
P "-capacitor or.-an enbedded discrete

capaci tor.
11. The method as claimed in any one of claims 8 to 10, wherein one or

more of the vertical via interconnections are directly connécted to a-ground plane of
the substrate, ' '

2. The method as claimed in any one of claims 840 11, wherein the

- vertical via intercorinections are isolated from a power plane of the:substrate.

13. The method as claimed in ahy-one of claits 8 to 12, wherein each

- decoupling -capacitor comprises a surface mounted discrete capacitor or an

embedded discrete capacitor.

14.  The method as claimed in any one of claims 8 to 13, further

comprising forming one or more embedded integral capacitors in the substrate - -

interconnected to the decoupling capacitors,

Amended Sheet
IPEA/AU
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30 - 14. The nmethod as clainmed in any one of cl ai

F&CEISGZOOWO{}MO?

to 13, further conprising forning one or nor eReceived 18 January 2008
enbedded integral capacitors in the substrate

i nterconnected to the decoupling capacitors. . _

Amended Sheet -PEA/ AU PCTI SG2006/ 000307 -Received 18

“January 2008 15 15. The method as clained in any one

of claims 8 to 14, wherein the vertical via

I E_t- fzr e_@.?gemel @ﬁfﬁo@@@_&fﬁé@ﬁ] W +dez<bfr‘tgairgs 8 to 14, wherein the
phat ol i. ra _printing, filling, dispensing or
PR i Pl B A i i ABtp oo opeTed. g
ctizgpiengngortieftirks, conprising utilising LTCC pr.ocessing
techni ques. 17. The nethod as- clained in any one of

cl ai 8 16, -conprisin utilising organic o
pr ocgz i né%? é’é‘ﬁtﬁ?‘g gaLlairged %B?”Wﬁ'ée RePRFP AdiocliSaicAmarising
iwilignpl T8 eprodessinaiarbnigudso 17, conprising wutilising
ceram c processing techniques. } Anended Sheet

]

[ PEA/#U . . .
17. The method as-claimed in any one of claims 8 to 16, comprising
utilising organic processing techniques. '

18.  The method as claimed in any one of claims 8 to 17, comprising
utilising ceramic processing techniques.

Amended Sheet
IPEA/AU



