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Capacitor Interconnection FIELD OF | NVENTI ON The
present invention relates broadly to a substrate for
woawero4gdeeoupl i ng, and to a nmethod of form ng RBCT/SG2006/000307
substrate for power decoupling. BACKGROUND I n design
optim zation and inplenmentation of discrete capacitors
for power decoupling in eldctronic appliances and
systens, series resistance to a discrete or enbedded
decoupling capacitor is typically provided by using an
annul ar ring of yesistiv terial printed or forned
around t he captgﬁﬂ? OsﬁhagsgﬂgaﬁﬁgQ?Hd to the
di screte decoupling capacitor. The decoupling
capacitor is thus connected through a series resistor
to the power planes. This design has a nunber of
drawbacks, including: The gap between the vias
FIELR:QF INVENTIGMg t he decoupl i ng capacitor is determined
by the diameter of the annular ring, thereby
|ncrea3|ng via pitch for the decoug q aci tor
i ntldecRgRekl: 'PM‘PP’“O“ Felates Ryt Re FUbHE 9|f8 power deCOUP“"gf
and tBl2erh6MBE F fdrithd A sulsiteeiipl pogecddvdtbliny. s determ ned
by the diameter of the annular ring, limting the via
coupling effect and thereby actually increasing the
BAGKGROWND i nduct ance of the decoupling capacitor
i nterconnection and degradi ng the power decoupling
performance. The series resistance between the
de dw esign goptiapization cmdaingblgrosmiatiopl eindiscriete papaditdesd for power

decggﬁlﬁyqn éeétt%'hﬁ! é’éf)lla%&r ek Qﬁ%ﬂng esér'%@re%@%h@é [ adtihécﬁ'gt’é or

connecti on tween act Vi ces an decou |ng
emhegdad idespuplingseapacitny isntypidaliyt provigled| lmopstnldmtaaneler ring of

resn?tﬁfgv\ﬁ?l'énélgkg rﬁ@&evmrmea ama%é %pﬁr@ pQ& br Vizs WBMhERed to the

rad I Ng r out abi | y he seri es
discretg jdecaydiag aapa@gpédTh?sﬁm@um. @aﬂavléorrfaﬁ@ﬁ eanpegigd through a
sern@@Vé%fstd?'t@ ﬂ‘%spcﬁ\fécr ‘E)Fatnés s @ Mdsve?mirﬁ’@érscﬁ G%a@ks GHciRiing:

ency f

3_ g@currentgpath degr adi Eﬁ%
eI ect ri dap %’er?%‘f"ﬁ%fh VigsINRIP %?t%ithqq%q?ua fapacitor is
detdtine€dBSy the diameter of the annular ring, thereby increasing via pitch for the

decoupling capacitor interconnection.

- The gap between the vias interconnecting the decoupling capacitor is
determined by the diameter of the annular ring, limiting the via coupling effect and
thereby actually increasing the effective inductance 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, resulting 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 introduces additional thermal resistance due to intrinsic thermal properties of
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The series resistance enpl oyed using resistive

materials on the power planes also introduces
waddi7idertal thermal resistance due to intrinsi eCTriserovalono3o7

properties ofresistive materials. Power planes are

inherently lateral thermal conducting paths that

provi de heat dissipation frbm active devices. A need

therefore exists for a decoupling capacitor

e ct

N L T e A S e
proygle Bead diseipatipnfiemeadtiye davicgspect of the present

invention there is provided a substrate for power

dec i nNg, co ri S|ng one o npre decoupling . .
pé@g %qi’%refa e fYra Aprrling %?R?Gﬁ?feleteF g?"t?"tct?é'gn and

metﬂtedmanladdl@sm droficte ofithela®3%d meRtored dr&iebacks.

i nt erconnections conprising a |l ossy material. One or

nore of the interconnections may conprise different
SUBIBARYit s nade from | ossy and conductive materials. The

different segnents nmay be connected in series. The

i nt

sub@ L {)Wigﬁct,é %ﬁ a{]ﬁ%t 3533&3{ ?ﬁgg\bg#égg?'lve}ﬂ@g the-lrgﬁs provided a
substyaietfed p@\Meradwpm cgmpﬂﬁeg S0P meare dean@pl@ampamtors and

Y I | e
O e & A BRuethg Rebeicr? BPRRRE ko the
intepganaepfonsiteMpRis g RIRRBCMAHSL may be directly connected

to a power plane of the substrate One or nore of the

i nt erconnecti ons .may rectly connected to a ground

pl £ 8F merReokiy sgt'fﬁaq%nethsmﬂye‘f%wm'ﬁ%rﬁa ﬁ%ﬁf“‘tﬂés made

frommlsylbadct:ﬁdueuaeﬁfa@taml ane of the substrate. Each

decoupl i ng capacitor may conprise a surface nounted

di screte capacitor or an enbedded discrete

cape diffsredisegendris mal derodyinédted reserigenpri se one or

nore enbedded integral capacitors interconnected to

t he decoupling capacitors. In accordance with a second

as piédnetintefconhectiomssaanyt comprisetviedtical Yias.e i s provi ded

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 substrate.

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.
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a nmethod of fabricating a substrate for power

decoupling, the nethod conprising the steps of
wonroeowiodérig one or nore decoupling capacitors; aawm/sG2006/000307

form ng one or nore interconnections to the decoupling

capacitors in the substrate; at |east one of the

i nterconnections conprising a | ossy naterial. One or

nore of the interconnections nmay be formed in

different segnents made from |l ossy and conductive

material s respectively. The different segnents may be

conic Sebstrae seay e Birthen ecanirisec @R et imere erpeddas  intagral
cap¥6itdrs féro¥histted B8 SBESQUDIAG YaSRBI. S€ mounting an

active device on a surface of the substrate, and each

vertical via may interconnect directly to respective

dedouptdrdgnaeapiith becshdeipetth st the bicsentifverftitn thel8 i®provided

r f_the.intercqonnections be directly connected
a mefiog o3 fariSaiie,n SUBTHA or HAREE FesquiPlios, dhe MetRackoasmbraing the
stepsnoprovitirer bhes mere decoliplier thyaditors) efidefbringaos oH More

; t rate. The interconnections may be
intefioBEcths 10 ing YBEAIARS cpAgiory T HE BRI Rt e of the
integgopeRiona gomprisiog edossyayateoapri se a surface nount ed

di screte capacitor or an enbedded di screte capacitor.

The method may further conprise formng one or nore

enfb¥@dedMors efihe interpannacters mayt bee foaruiestt inadiierent segments
made/tréth S¥RP 8RY REnd et P AS RN IRIhBGveRPaci tors. The

I nterconnections may be formed util’l zi ng

phot ol i t hography, printing, filling, dispensing or

| eThi RiFferdheefRERRnaRYe 6OMRIckeFin\delibd si ng LTCC

processi ng techni ques. The nethod may conprise

utilising organic processing techniques. The nethod

mayhe intpicbAgedtibhs iy @nipeic@NeticANgsLssi ng t echni ques.

BRI EF DESCRI PTI ON OF THE DRAW NGS Enbodi nents of the

invention will be better understood and readily

apibbe en¢thod may comprise mounting an active device 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 substrate.

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 method may further comprise forming one or more embedded integral
capacitors in the substrate interconnected to the decoupling capacitors.
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to one of ordinary skill in the art fromthe foll ow ng

witten description, by way of exanple only, and in
woamj7iaet’son with the drawi ngs, in which: Fi guPeTAG2@e6m0307

schematic cross-sectional view of a substrate

according to an enbodi ment of the present invention.

Figure 2 is a schematic crédss-sectional view of a

substrate according to an enbodi nent of the present

invention. Figure 3 is a schematic cross-sectional

Vi elu&[)]/ ofnta subst.rate ac&%rgi rq]% to_an enbodi nent of the.

pr eSEN{MFTFORMRAIBHS MYy BPeTUMEd Yliligings plptolithography, printing,
fillingr disperssdrg orgatiihgvi ew of a substrate according to an

enbodi nent of the present invention. Figure 5is a

schematic cross-sectional view of a substrate

acdbediethod mayreompiieel utitisittg IOFCE Ipeoqessing iéchniyuest i on.

Figure 6 is a schematic cross-sectional view of a

substrate according to an enbodi nent of the present

i nVBatMIhod may womplise stilisingcdtgamit ipcoaessing teahriduesal

view of a substrate according to an enbodi nent of the

present invention. Figure 8 is a schematic

cr 688 ngthed gy compEse bilisiposgramicarecessingrtdehmiques. an

enbodi nent of the present invention. Figure 9 is a

schematic cross-sectional view of a substrate

according to an enbodi nent of the present
BRIERDESCRIFPTION ORTHE DRAWINGBeati ¢ cross-secti onal

view of a substrate according to an enbodi nent of tlhe

present invention. Figure 11 i's a schematic

cr Bebodipurits nﬁihﬁ\lhmmﬁo:ﬁ wdll belbetisradirticistood eha Geddity dpparent

[ present, invention. .Figure 12 ig a

to o@%ﬁﬁ%ﬂﬁ%cﬁ%k@-@%ﬁfﬁﬂ@l th@infg@?vﬁﬁ'f‘g s ‘?5:9('8&0"’ by way of
exarple ®nlyi, agd ircenjuretibo dithiing drafvindseinpwkiskent i nvent i on.

Ebglgpféafrzs 'gz‘sggcre@%ﬁg gfotgk-;s%%&sa? v?e%ﬂ) 8 %% st\llelltgvgcggrd?ng to an
embodiment of the present invention.

Figure 2 is a schematic cross-sectional view of a substrate according to an
embodiment of the present invention.

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 6 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 aécording to 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 to an
embodiment of the present invention.
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enbodi nent of the present invention. Figure 14 is a
schemati ¢ cross-sectional view of substrate conponents
wduoi7rgede met hod of form ng a substrate accor dpagsGeooano03o7

enbodi nent of the present invention. Figure 15 is a
schematic cross-sectional view of a substrate forned
according to an enbodi ment 5of the present invention.
Figure 16 is a schematic cross-sectional view of a

SUtFSédr@H@ i6 QF SR nRAGE QFFAERS i a@UteW@foéi LB té)f’;\céohg” ing to an
emg@ent vention, integrated with dscre

B c?fﬁ ec%rﬁé‘é”tt"ﬂ)‘fenél% IC. Figure 17 shows a plot of

i nwmi&ed& i¥ &I sohenfalie drRBEE clidraV Fithads J‘Qu@st%%@@édr@iﬂ to an
cording to a

ween ower deco | ing substrate ac
emtpo m%n?trgﬂ?eo%@s?'ﬁén‘feﬁ\)gﬂtl on and a conventional power
d edigup i1Bds sulrhtmatie cro?EEébtioE@l =T é’gul@gﬂaﬁid' Qé&irnﬂﬁ@ tSan
Y i de interconnection to decouplTng
emﬁ?:fduré%}{ﬁtogghs an %émﬁ ﬁ?'? evel integration with discrete
caﬁmﬂm dBds aambemdtmlcnoasegcta:lnab‘apwcnft@mﬂastnﬁ@mng to an
5&1 Héﬁﬂ' tive devices, or any
em ﬁﬁ%rﬁgﬁ égél{c;m\%g?&?nore of the before nentioned
coﬁtﬂb‘fﬁé isis @i g@h@natlcShms-sactromb@ehwrmit subfstrated coiRpBihients

durn‘i’g?’é%@hb@ &f R & Libstfife 'ae&ﬁ&ﬁigqg%?\ltéﬁ d%%ﬂ %tj tﬂs‘?(%ﬁ?nt

vi,as 100,102 are used to vertic
inveafian.ve devi ce 104. The | ossy vias 100, 102 can be

foFigBda us g #£- Q}heﬁiaﬁétéreééigééiloﬁélatviéw CIEIaeQBtSSQ a‘?ec‘sformed

ing, jetting or dispens

L
acc é?'f’ﬂé? 5&\’?&35%‘?5%%?“@@?6%5@%%‘ vi a segnents VVI t hin
di Frgareer‘ils hﬁWr@hGMatﬂ@ c?o%@f@dﬂ%élu%{e‘ﬁl} %fstﬁggﬁﬁgtrat% N8rmed
0 are no imte
acco?af@ %@ Hj‘é?eé'é osf the ég?#qﬂt y@\{qg]tlﬁp,atqtqgja@ﬁdwnh a discrete
decqelbbmg caﬁasﬂsr gnicald.ng techni ques: thin-wall or |ow
Thi ck-film

t al t al te -
pr i ﬂ{ﬁ%nlg\%I %M?‘Pgn%, P '?{eto?m H'E’egg'? ops?lé%% fGabeesnillygating a
compay lssbné:_ewmea poiec kie€oupling aabstratel abcardlingatoliNembodiment of
the iINAPRGTLhES c%ﬂgerﬁﬁhgmo%vep%éggur}hnb Cpliaed) paste

DETAILED DESCRIPTION

Embodiments of the invention provide interconnection to decoupling capacitors
and system level 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
interconnection 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, filling, 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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such as netal oxide conposites. The vias 100, 102
provide | ow inductance interconnection between the
wdi2ewreaé@e decoupl i ng capacitor 106 and the act PC®/SG2006/000307

device 104, whilst sinultaneously providing

controll able | ossy characteristics for via _

i nterconnection, thereby pPfovi di ng resonance danpi ng.

The control |l abl e | ossy characteristics, danping

characteristics, or both nay be determ ned at the
fabrijcation and realized by a

Siiioﬁ(%gﬁ?@%e@%&aﬁ SJectislsst IR deofimtier; Ahis-wtdor low
conqxuomme/ssetalommtalrdoafmaxlte si gnﬁl Ia)éer 108 f?r hltgh sgigd
t .n the substrate structure
| o (Y-, B, AR et o" Tasrepang Soehsktiesi Poviner fgsed
thlclpﬁhmmapleaﬂmhlaél cagyh tbreposi@s 1454 ceranfi et dhick M paste
Suc,l, ggﬁ{e@glonge% Oghgg}e 114. Another via 101

I nterconnects e ground plane 114 to the active
device 104, and the via 103 interconnects the power

Pl #AE vikl2 Ob°1 dzrkﬁoﬁgé'lé(\ﬁ irfdal ﬁc,ee I%Pei‘:‘ eI ebe%‘y%?n tg% éiascrete

enmbodi ment screte ecou TG R apad
decqqugr E%‘?ﬁ%‘?,"t 1Qhangh dhee aﬁtym'ﬁi?élﬁﬁéot%l yVHﬂ&issmullamuQQ (roviding

contﬂﬂablélﬂ@ssg&ﬁﬂrdcférﬂ",ﬁést fof @Ia' Mtér&ﬁnﬁé& ﬂfefr télopl%OIdﬁﬁthS%c%ance

devi jmlar to Figure 1. Vi as
dampigg. %‘FOBEOIP%IQI”J@iFVL@?Wﬁ tegstics, err@@ﬂg glpaygq:tgnqjlpatqrrbgth may be
detemhined EDH%SGesﬁdrﬁ*stGQQ pripf td’lfabﬁéhtlofl 'ée{n'd' r@rglazggife b I'H\%Irrgﬁneztlon of

ra
acorEPSARL o it B S e 18 o i
speedirautingdsrelst forifled k;n/ thessuBbithte aﬁi’cuméq;mdgn EHP&V\éﬂnBGHJﬁbﬁn% via
rete _decou

100 P SHESAIGS) LBhRE HERA 1005 B S SHPLA L an e
grourd mahe dridobsbthenvieviddi ingraanéats keafrloand pimg 114 to the active
dewc‘"ehl@ﬁ?%‘fﬁ% §|5'16§ ert&rcoﬁ/ %ts tlﬂe SJ C&?ngagcghgrt%ﬁh'érag{/\@rba/eﬂgg 104.

ng resonance
for hi gh- speed routlng is also forned in the

I n
S000yre" Srehes 54 hibottent & i) SisETRE AT Hing | batich 206
interqongection wherej Boreganestidlyl lessyavias (R06r 1282 gneousst pd aedically

intercdhflect A0 @h RRtive/ Hé\/l(.?é)éoll Rinfilaf W‘ﬁ@ﬁltesﬂ t Ii‘ﬁe H:rsgg 01%8 ?06 %02 can

214 with the active device 204,

be formed Usihg 8 Yestrrivtisopiatingy |ekﬁ¢téol,9§9 pta@ng hierindiog.i filingd gatiingeor

dlspeaﬁﬂg ditherf usfidrse paratdlySrovdsBe®vik 8B§rhems RAaNRNEl L t%&@&r@ as
ne 214 illu ates connectivity to externa yers
2 coflg, 5 aepmet, e ins AOR02 pravieblamincuetappintsreameciion

betweem thiei discretensleCilipling Gapaditer 206NB8H the active device 204, whilst
simultaneously providing controllable lossy characteristics for via interconnection,
thereby providing resonance damping. A top signal layer 208 for high- speed routing is
also formed in the substrate structure 210. In this embodiment, the via 200 is connected
to an internal power plane 212, and the via 202 is connected to an internal ground plane
214. Another via 201 interconnects the ground plane 214 with the active device 204, and
the via 203 interconnects the power plane 212 to the active device 204. In figure 2, the
via extension beyond the ground plane 214 illustrates connectivity to external layers (not

shown).
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using nultiple materials e.g. 304, 306, conductive and
| ossy respectively. The vias 300, 302 can be forned
waery4€17g. el ectrol ytic plating, electrol ess pCasGe@s/000307
printing, filling, jetting or dispensing, using
separately processed via segnents at | east between the
different material layers & g. 304, 306 of the vias
300, 302. However, it will be appreciated that each
mitFQ@dr@'S dAVR arCalBrn AR, en%@mﬁ@df iRWARhRAasPERL 885 e Ydrthed
thin different ers or as a contiguous
“S"{ﬂ %TB%:{E?{?"%'%G i $%e ﬁ@‘?ncoaﬂ'ﬁ%m ARchiogsy repRedively Eb@veeéoo
30220 \bie dermed \Wsing €14¢ él@&ﬁ@yticﬁil?lhg Qleholesd Blaw bﬁﬁﬁhgt fifhg, jettlng
acitor

o Sl 5 BRI GRR8E 5 e G ey B b

matkial dgyechag a84e 806 tof tree fias 300,5302nHewewrNie villl e appraciaeB)hat

cacflsfbbors Ref €850 360 1P ROS pe rdcBBs el ReqrmeNtE Wt difeson
layess :oueatsm @oamous Niat segnantriio diiffeset , ermmhmems 30 vias 300,302
proﬁdH‘B@ﬂB&&tén‘&e %gl‘cgﬁﬁé’cﬂ@rll b?@)rggﬁ thd Qggregléecoﬁ@% %%acn of 308

IS conhected to an roun
andAﬁBt [Rstivey i devige 1 310t ewldlsh n%@ﬂ%arteheslxgr mspmdmpl Zovtrg@ibblet dossy

charaBRrigtiet of Siad ReiceRnesdib, tﬁé?gb} ;l)'l'SVIMIh?F] 5 ﬁaﬁéeto%ﬁ@ﬂ‘@;n RG5> signal

internal power pl ane active

'ayeﬁg% fqf; '5&%96& JPHIRE i 7isg) fP’é‘i“?ﬁ’aﬂ"O% s AEysture r$1Wn| Ig Khis

emboaRIRBE RROKS Btve ls%ﬁﬁedtédiﬁj HARterrtP govidre Iéh%eéﬂ 4t 8nd the via 302 is
caII erco di screte deco

n
C°"'be£f?§c °t3<5} 196°LQH %R% 16. fnethes ViggH01 mF?écqnaggt§ thg geound
pland (K16 t4QHe @ativebdevicer N a8 ithe v 803 RiteRednhedty ithe internal power

I I , , fill ,
s ¥l ARSI 895, 2L 1, brinting. T T

ettrn
processed via segnents within different |layers or as a

copt.i gu ' | 340 402 are iso| ated
Bl B SNBSS iy o165
400, r42pwretusee ity velacﬂllyantercbonedh iagtisdrete qieenmhngl @apagitbi 408 to an

|
s NS Pty RS A0S ol bl 603, BB Bl
electiqlessrriasina.duinting, filling) jettinglonslispessing.4ither ushng sepaiately processed

via segMkhte Wit dlfﬂ?’@nt%fé?s 3P0s a%ﬁtlgﬂfogé’ i\/fge%algﬂ'}gn{ %H%éﬂzf(ﬁ 402

i Nt erconnecti on bet ween cou
are isolated ifiopy th&O’é‘?WShB'af'ﬁé%@P'\ﬂéOLw@\n'@@ 4y reamctrveiy and are for

high freflidncp B6s0uBkNg. Rﬁ&HéWlé‘@O‘Pﬁerédﬁhe&Q i |J1t@§1%}’power plane 414 to
rjsti %igﬁor via_interconnection, thereby

cte
the aﬁ?ﬁ? 'des oe? A3 piergonnacts dhe srogn%planay*éﬂ tqtte active
devideo#04)i ghe SERe400, AMRi Hrgvids I6W fiuRh6® GhiérdokrdRtion between the

discrete decoupling capacitor 408 and the active device 404, whilst simultaneously
providing controllable lossy characteristics for via interconnection, thereby providing
resonance damping. A top 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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substrate structure 412. Figures 5 to 10 show
al ternative enbodi nents of discrete decoupling

woapeEaéos | nterconnection for different fabri earisaroos/000307
processes and to achieve | ow i nduct ance
i nterconnection design flexibility. Figure 5 shows
mul ti pl e power plane conned&ions through vias 500 and
502, and | ossy via segnents 504, 506. Figure 6 shows

povJBS fﬁa{n@ cgﬂﬁé!ﬁfmé)lh?&rpgh GRINGo! é@g%oz’ %@g H'&J'gy ‘(/laaéegg%ﬂha&fh 606.

0SSy Vi a Seg ment s ure
Figwra| % shews puitiele pgwarnréamﬁ)mm@@tmﬁéhrphmwgh 0@ and 708, ansdlossy

via ZQ&nerﬁé‘ 404,088y 704, and 99@@‘]&@@Téoéhowgoﬁsmglg%ow@fnﬂaﬂelgonnectlon

ure 8 shows a single power plane connection through
throsle 809nand lpssy, vig; seaseq 8%2Flger@49 sy wltiplesipryygs plane

conﬁé&t?oh@'tlﬁof@%@iés rgba%dogmn%ﬁau@és§ Vid) @@g@&tylges 1%@9 Fadg\de 10
0SS ure S

showai yIBIG RURLPIEHE SRBCURTR: BYF S vieh BAY 11002 650 B3Ry vie
segive0f3, 108ad1doessy vi a segnents 1004, 1006. Figure 11

shows an alternative enbodi nent in which vias 1100, 1

102 are forned using multiple materials e.g. 1104, 1

106 igwrentiushows aaralternsiye embpdiotant ¢ whichheiasid90MHOQ, are

forn:l'%zp %’ﬁ% es@plé %a{?&%lyg é'q 1?4 94 08 l ceo%:‘:cliijg |\>/et érﬁ{ {3)' %‘ Pél*%lectlvely
Thedw@ém@ﬁ g 02 uzah rhg fgepeﬂ using . garedﬁp@rsm platn@g ﬂegmhss plating,
prin ri%?éec#?‘?gt fﬁB dr G%E%%ﬁge ﬁgﬂg s@&!r@lre ﬁroée%&f ﬁ? l%e%‘ner]té AUeast

betvgasy the ﬂ@‘?@@t m@ﬂa'éa\ﬁs frllt é‘rq4a|1 106,gfdhe wiag 110,3402. Haygver, it
will B@)épﬁﬂe%@tQEQhﬁréé%ﬁmlaVIa%lS@ gme1U4S 1406 Rlap afbofl JeShrBBdssed via

| ayers or as a contiguous via segnent in different
Seg'é‘ﬁB‘éd‘{'tHE‘rﬂ'fEere“ﬂ?é(eKﬁ 0,5@8 2o0tigupyp yiasegieptdn figprent embodiments.

Thel Vialeﬂ@OCmetp@va{énWidc@Btahgé W@ﬁo?ﬁ&tn&d%fv@eﬁ the dlscrete
ou c an_active devjce
deofiiing Capiiet LHECHAT 9n VR APV ATl NTe AUl Baiy Ploviding
contﬁdﬂabBCIbﬁy elidracerfstics for avia ﬁitétfcﬁmm&@’( Itﬁéreb)t' fp&:rv&imgl ielsonance
[OVI _resona n
carPlrd R ighB0RVS 1 18 Tt shest! e dER ormBt i Fhspete

strustreutciti@r e 1112. The substrate structure 1112 in this
enbodi ment further includes a high dielectric constant
material |ayer 1113 fornmed between the power plane
1172besnbstegteostngtune dht? ih 1hi8 emblodimient furbersipgindesi aabighl digjectric

conﬂ?rﬁlﬁr{ﬁtglﬁ%l%velr 11885 FdPmbd BeffdentthdpolvBr pilfe 445 bAdbfound plane
1118. It will be appreciated by a person skilled in the art that in the substrate structure
1112 in this embodiment, embedded capacitor structures e.g. 1116 are formed and thus
a power decoupling network integrating discrete capacitors e.g. 1108 with embedded
capacitors e.g. 1116 is provided. In the embodiment shown in Figure 11, the vias
1100,1102 are isolated from the 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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1112 in this enbodi nent, enbedded capacitor structures

e.g. 1116 are forned and thus a power decoupling
waebowm& 76 nt egrati ng di screte capacitors e.g. RCDRG206/000307

enbedded capacitors e.g. 1116 is provided. In the

enbodi nrent shown in Figure 11, the vias 1100,1102 are

i solated fromthe ground afd power planes 1118, 1120

respectively. Another via 1101 interconnects the

Oth@l*’\l\ﬁ’éé‘1 i Od3|1 ang idbhdl tPFib N1, afmbi M€ sHPMireRrehtd Qmm@lt}ﬂjs ﬁ%% been

i nterconnectS the i1 nternal power plane
usefif)orlﬂ??esaé‘&‘?9'@9%%\9”@@"“@10 In the enmbodi ment shown in
Figure 12, one of the vias 1200 is connected to the

er.eas er via 1202 is

| 1120
Do TS 48 oy Ftalli e Spb s Satin e 08, TaRre fosmed
usingsmultiplet metrialsce. &i 180411306 Rdntitietive aiid lbﬁﬂé&i&:ﬁvely The vias

d f t
130B, T2 BENERITAERE, oRanondh 3P RATaRES e v,
fillinghjetting \or dispé3irly, utBO Zeparetefyoproesksad iviagsegrientspatdeast between

4.
the 9@5?@{0 ﬂa%g?l yerd 3% 13&3’0@88%? G Y50 7902 Fiptver, it it be
appeecigt deﬂ@t:teta@h ymaterig| layerngg. gBe4t 136 sxayphlac i reg processed via
segiEhts Withig ’dlffe'rérlt |}8rs dr 8¢ LicHg éqgf)usdJ/é e@#ﬁ%rﬂgn le%fngt%mbOd ments.

rat el Yy rocesse Via segnents a east

Via a?c?q @rf@ﬁf‘e%ﬂ toy thg| powgy glage é 48 whemes vissH3020is coheeotedato the

grouhaoﬂanémo ARl . grb&ndMHlénebQﬂ’CpFHn@Cb@W&d fah@t1(ﬁ%‘3hl326
06_may al so _be p ed

intergeGge AT A en tPYGhs ity 188 316l Ja2darehpeciively. i thi

embodintehy mm&»le/p@v@-maﬂ 318) 1826 bRy @ﬂhd@dmmlﬂ@ Péeer pArRs can
18 whereas via

ve k9% RSN LBl e BRI 1310 her eag g

refergncaipldngsl fanitgh- S daighalrouttg. pl ane 1318, 1326
i nt erconnections are provided through vias 1322 and
1324 respectively. In this enbodi ment, nultiple power
pl &hesvids3 1180013362 gprevigr dow dinductbdet iiniéreonreetion [betirees an

emb@ﬁdérdg% sUl%fed cxteeodprrr(?{l \éﬁa&llaf %@’egn&“ %t 'a{)uet lg(ﬁ)\ﬁ?e 1310, while

Crert st ce Fan o provide ad
simuftanesusly peovislingneontroliableHpesy-chpraeteristicg ier via inter¢angectiBhethereby

prole SredtHhce % O@r %Vt??%lér%‘fvlé dysg ARGERiLR tsgée(&ol%ﬂﬁl%l %0@50

befween an e ete eCOU Iln
formgghih tha sHbstralestiusiure 43123 The substrate siruetire 4760 insthi embodiment

furthl&’rr iaMldEs Whigh! @Féié&rlc%h&aﬁm%nél hé}"e?%ﬁf forrhb BetlyBEn iHe ower

| q%erconnectlon provi di'ng resonance danp

planey 18 15hand grosnd jplape, T 32@1'1Wf"d?e m@w@@@@u ar@ﬁmm@klﬂeé "a hepart
that in the substrate structure 1312 in this embodiment, embedded integral capacitor
structures e.g. 1316 are formed and thus a power decoupling network integrating
embedded discrete capacitors e.g. 1308 with embedded integral capacitors e.g. 1316 is

provided.

It will be appreciated by the person skilled in the art that the embodiments 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 ceramic substrate fabrication.
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formed in the substrate structure 1312. The substrate

structure 1312 in this enbodi nent further includes a
waigir/déBbect ri ¢ constant material |ayer 1313 POTSBA06/000307

bet ween t he power plane 1318 and ground plane 1320. It

wi |l be appreciated by a person skilled in the art

that in the substrate strudfure 1312 in this

enbodi ment, enbedded integral capacitor structures

€. rabAcktibn df & shisytaRdstARfird W%o@erp&é@%ﬁplﬁiug‘?@ bk SHik appglllances

network integrating enbedded di screte capacitors
and; sysenyg eRcosd da@guemf@@? a?mt&‘i'ﬂ‘&%ﬁt'ér%esénbfd hgepaitey, using

orgapﬂcD&Ubdt%ie ot prinkéd dirchie beqie hplRtRENPYrobéeper son skill ed
in the art that the embodinments in Figures 1 to 13 can

be realized by, but not limted to, printed circuit
bodm Bigueh14,capattenn fdrui grdunplangadrdog isstehaed ah e Iamlnate 1402.

rﬂQ ehgétfbro urgég ncchrﬂ Iﬂ%g}“@‘gé}}n&@}“@[}%@t rug%gé ngtnllmlped to, metal

nper a
foﬂsac dtﬁada arée-tamiRatedi aratheoamifata 140R sancamay stomptissroepparin the

exaﬁ%\’éﬁémgg&méﬂ il Iaﬂq.ﬁ+t8°|t4r'ggfu3% @6?{?;5?13%”%%?1 A% @X”?etde £ BT,

accord I Ng to an exa escCri
FR%@'@W%randmmﬁj"cmbga@ﬁ ateitials.r Mise segmentsne.gd 1412(a) are

fomfédrlﬁ l!hé lé?ﬁlﬁét‘é mtﬂs‘?}@ M@bﬁ%lﬂl %Fﬁﬁé el%serJ &JHIFH.,?Q BF Sth? kndwn

round pl ane

tech“%'ieﬁ é?'@“@&'o@y e'?ﬁ&)hﬁ'ﬁtréaﬂnm %!ecft@.'es'@ rpéatlge orrinting | ffing, jettiog or

dlspétwth Bmaﬂ'lleﬁ RnovY techhRUEN NGt Tht Rgh tdiele bRt %ongféh{ naterial is
re-lanminated on the | am nate 1402, and mm
denfiiferinLeft

B EPIN GP2fiRG AxIRR KW RFNRIGHES torfirm & dielectric
layer a#0h &drethd 4ftibeddsd capavitbieto Biforined Ndhel High bRt cdtant

mafgféair%sﬁt %?'if’%goi%i%%gﬁ'%gr %(ﬂwa?fm% Gﬁ ﬁ%*%#ﬁﬁ%ﬁt@ cpmpssite

pastasthargcarebbeaplrcabatédldrl sangen bmtled athdi d:drta@@t tiah{)_@rfalﬂﬁé below
t. C at i ng,

sl 4 SORANE=AHUIRD ST HE g, G rampe

embgissabs |Thg oerarmt: Hiderskarewsed eko: intrepsesthe Misléctria chrhsjiint of the

pastg' ﬁlt‘ﬁ‘ét Eddm @&{lmgﬁf SN h% ﬁ&ﬁ&s ga%? JP%/ gr'mn% by

I'n coatl her knovvri
prmtmgepwerl@wqway@phmq@esfor t he enbedded capaci tors to
be formed. The high dielectric constant material can
nprise ceram c filled polynmer such as Barium

T| fi\%ma?fe'aem%%éﬁ% tmgqally q Retageaprepegsysi resiocatad eopper, is

proviied eﬁé\mﬁg forned tﬁ&‘éoﬁtﬂ anﬁtplém@f R §hE RGNS FRME signal
2 achi evi n% npatibility wth organic substrates

plamra-ﬁ ? q)ﬁgarég%mﬁp%e ut are not llmlted 0, metal foils already pre-laminated on
the laminate 1408 and may comprise copper, in the example embodiment. The
laminate 1408 can comprise of organic based materials. Via segments e.g. 1412(b)
in laminate 1408 are then formed using mechanical drilling, laser drilling, or other
known techniques followed by printing, filling, jetting or dispensing or other known

techniques.

The laminates 1402 and 1408 are than aligned and laminated, forming the
substrate structure 1500 as shown in Figure 15. Finally, to form a subsystem, as
reshown in Figure 16, a discrete capacitor 1600 and an active device in the form of
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enbodi nent. The ceramc fillers are used to increase

the dielectric constant of the paste in the exanple
wenbwdueent . Next, the power plane 1406 is for REWSER006/000307

printing, or other known techniques. Another |am nate

1408, typically a B-stage prepreg or resin coated

copper, is provided, havindforned thereon a signal

pl ane 1410. The materials for the signal plane 1410

IC 1302 ia Qﬂfé)ékéiﬁple RiriboiirBemre litt8ichbRgb &y wﬂﬁ%@é t%'trlaﬁe structure
I read 8 am nated on the |amnate 14
1508, 54 ¥l Rl Econe @ & o b he RoTI A boENE.
| ariVinitet the Tl atiaNpREREdsSRe SO bébr AVeritASRIeitd B/ HiGhres 14
am nate 1408 are then

o 1F e B0E Sho it alestocn v s earagarecn a perRgn Siled in
the (ﬂrhﬂ”lat m‘nhﬁwnfabemrmnqpmeésﬁsl ma?d:)eb)asécﬂ Iuﬁﬂdlﬂﬂﬂenﬂc ébeBi@nents

o 08 0 Sl LU e S

manuigstiyingeerocéssesd My anltél'CSQJbB“thdim}arfttmecﬁlgrrae pbo0, awd ground
f

P 'a"?gg“gyw'nb@l ol By Phinti) 3pin/codtfla & dhr RERE Todiais anto

ceramic taRe gugisc e %V@H@l%rrmyd@q tormed.z)yu drillirtgeofetha ng@ramic tape

layewbomdmaﬁucawricntr@r Spﬂﬁe%\béqa)y\ér% R RBISWES b gaﬁllﬁ'n with the

struct urq connect1 on

|
releviast ngtaria ﬁeS@f ??’pﬂf%' E%%d%%ﬁ@te $rigteret may fthay be ef@rinami by
Iamlpam@etﬁge&edm EeRetlc a5 Ryt Bt fRhE T&Hﬁ@raﬁﬁ’e 'félﬂ)We@Sb)fl fho-

st ool el <t CsReciras o Fatht o hIhsibekale siustire is

thenf filedi inag |fomape wmrm;esbaem@d abbudi h fs{oece@t about 900°C.
e 0, ceramc¢c

oo e SR dne e st At e, i Bulblecayers are Bonded and

'nteglf&tﬁdﬁ@aﬂtmﬁn ng processes. In an LTCC enbodi ment, the
signal, power, and ground planes may be forned by
rlntlng spin coating or other known techni ques onto
cefrigwiec T gpews dippedanceheersiia fileguescynelyarbetefisticseilustiating a

comSHrisbh 'Héglveg%n % E)%w‘é? H@E%L%hh?gﬁg% géi% raﬁfgﬂ\é\lgnetﬁ%aﬁ]%ar%gpgf@ent of

the 'a)il’J?nW%'OIP Rg“Wélg@thanﬁE& ephvensonatheower ategbliplingCilibstrate (curve

17025.URS CEAR SddnUfrdiIBgiiay1#, r{ﬁQ BEmb gﬁ"n@om{-{eln?@f ﬂ?ﬁ ‘nv%ntlon

er the ceramic tape |ayers at room
can PEﬂ%rJ&AEaS'% flexigility doy @evormanen eptimization avithoutt elmzyéln @ radesed
additibwal ie or Whithe refliferien? SAthiA R sub&thd, WeetlySffering "plug and play"
integration in system design. Furthermore, example embodiments can achieve resonance
damping and reduced or minimum loop inductance simultaneously, thereby extending the
operating frequency and reducing the power distribution impedance, whilst providing low

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

- Implementation is compatible with a large variety of substrate fabrication
techniques and materials, including but not limited to organic, ceramic and LTCC materials.
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15

then fired in a furnace at tenperatures between about
7500C to about 900 OC. Through the debinding and
weimi7anér1g processes, the nmultiple |ayers are BOmSed006/000307
and integrated together. Figure 17 shows i npedance
versus frequency characteristics illustrating a
conpari son between a power 1decoupling substrate
according to an enbodi nent of the invention (curve

17Q0) a‘ﬁ)@sign GRRMR trbi0 E@r#orrﬂ%r oM 'vﬂgou? Lg?s\ﬁlfha‘é Greduced

écurve 1702). As tan be seen ron1F|%ure
addiignahsnase @ rereRiregTent within the sHestrate. Bigieby ptiRring crluadplay”
intedrht®wiilpéystehyddsgh, per for mance optinizatlon W t hout or

wth a reduce (gdltional s&ace(fr vol ume regglrenent

wi £hi n ORREEENISEL sesenanch dprabild 87d feriiased oF minieHm legp [prugfance
simultatexgsigt Itlﬂrebyneﬁylsdimthiﬁ%peﬂatlnd:lﬂ‘ehh@fcmmj r&ieiny| ®e power

ts C achi.ev res ance nd r educed

BRI S8 PREY BriEPSRRNT S LBy S PhgpEDy
extendi hl@htdmeremy:rbstabutlng irf p@np:ml‘anes dnohaffectert bynigsdyletements in
spower distribution inpedance, whilst providing |ow
|npedance to high current distribution. Advantages of
enbodi néhereabfondudivilyrirveawerr planesdiy unatfebtad by lossy elements in vias.
| mpl ene )0 0 e

mp tﬁfg@?’% bl?llagr?etlﬁ fﬂ?&férﬁ‘lc@ ‘SEMB @rauemn in/ a;FdV\%'i' Yphes is

substra ation tec es ‘an
unaffegtad RYileRsy Bletenisin Viasandstl nrev"éﬁdd%hlgbly C@wm@lm LTCC
materials.Design flexibility for performnce

OPHti vl 252t bsttectbtbl Byt a Persh kil (i dhE ot #EKChiMEBE variations
and/{S)E ce..or_ vol une requj r enent Wi thin the substrate

Bedifisations dpanbe ngﬂq?gtoatna RIpSERt INVABQH: 3% Shawn i Bpstresific
embddifiegts, willidut *IpAENG M RS OPIANGIE sebPEPOMBe ARvknties uaee&oadly

oo e N B i bbb ISP e it

be illosivative dind hot resttictive. |npedance whi | st providing | ow
i npedance to high current distribution. H gh current
di stribution in power planes is unaffected by | ossy
el ements in vias. Thermal conductivity in power planes
is unaffected by | ossy elenents in vias. - Electro
magnetic interference (EM) shielding in power planes
is unaffected by |l ossy elenents in vias and stil
provi ded by hi ghly conductive pl anes.

via
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It will be appreciated by a person skilled in the art

that nunmerous variations and/or nodifications may be
woRroE/me776 he present invention as shown in thePepsGRitcm00307

enbodi ments wi thout departing fromthe spirit or scope

of the invention as broadly described. The present

enbodi ments are, therefore!3to be considered in all

respects to be illustrative and not restrictive. CLAI M5

CLAIMSA substrate for power decoupling, conprising: one
or ,nore ,decoupl i ng capacitors; and one or nore
i ntler coﬁ%@’ﬁfr 'i‘?§°? BO"Y%@E&@%'@EI FRPPUAMACi tor s, at
| east conwrotietd\plihgicapactorgand ons conprising a | ossy
matogr 'oﬁl . 2.l The subst rﬁ@ %§F0|F§J med in claiml
wh&P8i%h "R MUFCRBIEIBRS {918e dRERYRIIBA FBRRG GRS atlngst preof the
intettiohhections cemgrising a lossyandtedan | ossy and conducti ve
materials. 3. The substrate as clained in claim 2,
wherein the different segnents are connected in
seki es. The sTihetratebas chimedisn dlaimmed wihereimyonener aforé e the

inteRbRAETbRY et i ' conpections .
n ec:c_)rrpr [ Ise végrt |rfcggl dlﬁge@f %gr‘#ﬁteé Es“uabset ﬁ‘g{}‘e %8y I RAdyghive
matefigl$-m 4, further conprising an active device nounted

on a surface of the substrate, and wherein each

vertica# via interconnects directly to respective
defoupl 1 1Y SHEFERL? A§rdaimed in idaimc?.i Weergisvthediffgentrergments

are SoHettedtie sagesc! ai ned in any one of the preceding
clains, wherein one or nore of the interconnections

are directly connected to a power plane of the
subst r aTiee substrbteas dhthédinearfSortd af the hrédediHyycIBRR, Rlherein

the e aR B VBB et |y connect ed to a ground
pl ane of the substrate. 8. The substrate as clained in
any onenpef s%é'ti'a@ é]s E%irﬁed %%Fa?r%nat Pu(?'ther comprising an active
device mounted on a surface of the substrate, and wherein each vertical via
interconnects directly to respective decoupling capacitors and the active device.

6. The substrate as claimed in any one of the preceding claims, wherein
one or more of the interconnections are directly connected to a power plane of the

substrate.

7. The substrate as claimed in any one of the preceding claims, wherein
one or more of the interconnections are directly connected to a ground plane of the
substrate.

8. The substrate as claimed in any one of claims 1 to 6, wherein the
interconnections are isolated from a power plane of the substrate.

9. 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 capacitor.
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i nterconnections are isolated froma power plane of

the substrate. 9. The substrate as clained in any one
wohod7mesps ecedi ng cl ai ns, wherein each decoupl Pag/sG2006/000307

capacitor conprises a surface nounted discrete

capacitor or an enbedded di screte capacitor.10. The

substrate as clainmed in anyl4one of the preceding

claims, further conprising one or nore enbedded

integral capacitors interconnected to the decoupling

capacitors. 11. A nethod of fabricating a substrate

f or'Opond e SebsligIeiasgclaimed indy RNeceithe irseerglinenelaimss further

conisingr 6Ké dbm et EeMbebBEE iRE§IRAY N-pasit&a PRIt rocted Yo the
one or nore interconnections to the decoupling

de f or,m r&g !
CRURINGIFBPLOY the substrate, at |east one of the
i nterconnections conprising a |lossy material. 12. The

met.hod gs_cl ai in_claim erein one or,. nore of

Th i e ArnEhRUET FarBaBhgn Bupsitaté R vier SRERP68gitemethod
compsigiog theostep®eby and conductive materials respectively.

13 I ed | im12 wherein the

di P°ereﬁ@%gﬂgﬁﬁ%@ggﬁﬁ%@?@%ﬁn eries. 14. The

mefdimingagne |ati meke Interapnynestiensoto dfheaidesourling ccapgitors in the

WhaRs : e [ i as.
S O S PP ABhs EPPAN] Rl rfident

conpri sing nmounting an active device on a surface of

t he2subsiig ahéthod it WRRKE! th @REFH Y Wh&Rin Y)h?_or more of the
. . interconnects directly to respective decoupling )
intereaRRclipES are.foemesdn SETETS/K SUmPEis, mads romGlonst Ao cgrductive
materiatd repedtivelny one of claims 11 to 15, wherein one or

nore of the interconnections are directly connected to

a power plane of the substrate. 17. The nethod as

cl 83.nedThenatiyocdbas obfimed dn kirh 112, avibeinvhe rdiffdtefNEedPhents

r . .interconnections are directly connected to
are ‘5;8?‘8?8‘%34% §he of the

14.  The method as claimed in any one of claims 11 to 13, wherein the

interconnections comprise vertical vias.

15.  The method as claimed in claim 14, further comprising mounting an
active device on a surface of the substrate, and wherein each vertical via
interconnects directly to respective decoupling capacitors and the active device.

16.  The method as claimed in any one of claims 11 to 15, wherein one or
more of the interconnections are directly connected to a power plane of the
substrate.

17.  The method as claimed in any one of claims 11 to 16, wherein one or
more of the interconnections are directly connected to a ground plane of the

substrate.
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substrate. 18. The nethod as clained in any one of

clainms 11 to 16, wherein the interconnections are
wozgal7auedsf rom a power plane of the substrate. PC9/SGINNG/000307

nmet hod as clainmed in any one of clains 11 to 18,

wherein each decoupling capacitor conprises a surface
mount ed di screte capacitor 18r an enbedded. di screte

capacitor. 20. The nmethod as clainmed in any one of

cl aigms ThetRethBd dsUhitRid MOSRS bsé BY cfaﬂﬁ£n1"lgtgo‘r§ Werein the

dded | nt I t
intel RGP A 667 BAI 9B AP AR dapaals. 21 The

net hod as clained in any one of clainms 11 to 20,
Emad utilizing

wh [ h rconnecti.ons are fo
onaPol | THEGPaERg oS RIAER i 2 e ct Gavae dchiclthaarein sach
decpmltnungapﬂor Tdvenprisbbod swrfadeaimR@tddn dityet@nNeaécitor or an
emb%ld%h%lsyeté 83'%]'3’“ conprising utilising LTCC processing

tec ues The method as claimed in any one of
clainms 11 to 21, conprising ut|I|S|ng organlc

pr QQGSSW’H? &Ef‘hlaa' g%eéf m%é N af cﬁl'aS gl Zi‘i 1bn further
one o al ns ? 1, r|S|ngu i
con@ggngm f@rrplpgc@pspngmpr@cﬁmqu@ integral capacﬂors in the substrate

interconnected to the decoupling capacitors.

21. The method as claimed in any one of claims 11 to 20, wherein the
interconnections are formed utilizing photolithography, printing, filling, dispensing or

jetting.

22.  The method as claimed in any one of claims 11 to 21, comprising

utilising LTCC processing techniques.

23. The method as claimed in any one of claims 11 to 21, comprising

utilising organic processing techniques.

24. The method as claimed in any one of claims 11 to 21, comprising

utilising ceramic processing techniques.



