Enbedded Capacitor Structure FIELD OF | NVENTI ON The

present invention relates broadly to an enbedded
wW@apaadtser structure and to a nmethod of nanuf aRCTI8G1I96/000070

an enmbedded capacitors structure. BACKGROUND In the

desi gn, processing and inpl efdentation of enbedded

capacitors for power decoupling in electronics

appl i ances and sEshbetldddf Capratitorc8Stiractaréave been

proposed for the inplenentation of the enbedded

capacitors. In the inplenmentation of enbedded

Capfsl b GBS INVERTIG i ons may arise in relation to the

i ntegration of the enbedded capacitors w th power

di stribution netvvorks in ternms of perfornmance and

5Space Ufrnbintédd rhveﬁ%n iR Foadl 'td‘gr‘r RHibetHey 'c@?aélfo‘? structure

typically required in existing techniques, resul
i napd & adsethpeiof mansfestying amembadden ﬁ%ﬁﬁﬁ“ﬁt& %truqﬁlge
conplexity. Furthernore, in existing techniques, vias
for_ high current and high-frequency decoupling,
re§%¥@? NDyst typically be provided, resulting in
i ncreased number of interconnection and sol der j oi nts.
Oten, the different existing techniques for the
10 npl emei 1§ GRSiEN. prasessied uphprleestation efeamgadded gapacitors

|1 rart gfbwie? YeeBBSING GnPeRshidse APpRhRes Jad Ndystems, different
manuf acturing, which can inpose further |imtations of

ex iRy cBRVE (RRED @RPOSE] fEkther ERSFeRAIaN: Pf (B embedded
di Chea&irs. "M MEanblendHiatirsaaibé RicdN@lpRaiors Niftdhs! Aay arise

accordance with a first aspect of the present
i nineraiation ioht@?'é"'ie@r%ioﬁ\ﬁfdﬁ‘éi embeélﬁﬁerfaeac'guﬁa@h pRwer distribution

15 St dGldkE RO MBisSi g ﬁérfﬂﬁhéhcléo%d %baé@aéﬁhsﬁﬂﬁw For example,
enbedded capacitor, havin first el ectrode,

di Blie/pyiied I‘ﬁ%rareaW(ﬂ"C&“%e@SHﬂe‘él i8c £XigHRg tﬁé?“i‘l‘%% nresulting in

t herdBRiss IPMititiond Hhainctasl rﬁaﬁuﬂéb@m mge&dnﬁ;bléﬂ{y Furthermore in
connection formed in the main erein_ at

on&Xi§Hng Hechnipyes.aN@ss o Mighe Icé‘éftef‘f) R hlgh-frequency decoup!mg,

respectively, must typically be provided, resulting in increased number of
20 interconnection and solder joints.

Often, the different existing techniques for the implementation of
embedded capacitors are designed and limited to a specific process technology
during manufacturing, which can impose further limitations of existing

25 techniques due to lack of adaptability for different manufacturing process
technology.

SUMMARY

30 In accordance with a first aspect of the present invention there is
provided an embedded capacitor structure comprising a main body; at least one
embedded capacitor, having a first electrode, a dielectric layer, and a second
electrode, formed in the main body; and at least one via electrical connection
formed in the main body; wherein at least one of the first and second electrodes

35 s free from direct electrical connection to the via electrical connections.
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is free fromdirect electrical connection to the via

el ectrical connections. The structure may further
w@ovpnd=er at | east one di screte conmponent nDUNPEHSGLN06000070

surface of the main body. The di screte conponent may

conprise an IC, a capacitor @ both. At |east one of

the via electrical connections may be forned

substantially underneath the di screte conponent. The

el ectrodes directly electrically, connected to .

eeneot 1he Srictiie ey Liner GomviseoRt A, agte Fiserte opmponent
br ansimésd oh atsieface opfel indid body. el ectri cal connecti ons.

One or nore of the electrodes directly electrically

connected to respective via electrical connections may
5 conpr i s@hatdidctéetetcopgdnednmagfconfsidgecin 10¢ acaphbiter rassh.

of the via electrical connections. The enbedded

capacitors may be forned synmetrically or anti

symmet r iA¢ dddsy onk o tHeewip @tdctiical tbendé@idpe Ghaywbe Yorfhed substantially
el ectrica { ggﬁecti ons. The structure may further

cofpfieroga EeGROMAUEREt e capacitor enbedded in

the main body. The el ectrodes free fromdirect

el ectrical connection to the.via el ectrical . . .
10 Connect 1 BRE MR EESUTCHR REURaH PRBRCIEHdY rasRssliyp &fa slectrical

Theoehextibnedeayf beefdrmeth ds r Brahchés odfr tiealregpavtiost vian electrical

to the via electrical connections may provide danping

tocg'ﬂl'b‘?ﬁ\f'@g' resonances due to a power plane cavity

effect. In accordance with a second aspect of the

present 4 nvention therge is, provided. a t hod .of

anuf a1 abten by SdkiBies o Pudel digiy, pgnnected to
15 netrdapectivenpria s elegtrfcal neormeatiodse asty ooempribedatedeast portions of

capacitor in.a nai for_the enbedded capacitor

o+ PékGietfie ohiheisd olahe vl et Ee FaGPR S

firstelectrode, a dielectric layer, and a second

el ectrode; and farning at. | east ope via electrical .

connect ﬁ’ﬁﬁ © q}eﬁgeﬂ]afgp%%t&{/ﬁ Wﬁgrgﬁn\f(g qeay{nrgﬁ@cgqy or anti-
 t heyrhntetiicalip dvithaespeltdd ¢et resgestiviesvid esetricab cothections.
20 el ectrical connection to the via electrical

connecti ons.
The structure may further comprise at least one discrete capacitor

embedded in the main body.

The electrodes free from direct electrical connection to the via electrical
25 connections may function as high frequency decouplers.

The electrodes free from direct electrical connection to the via electrical
connections may provide damping to suppress resonances due to a power
plane cavity effect.

30

In accordance with a second aspect of the present invention there is
provided a method of manufacturing an embedded capacitors structure, the
method comprising forming at least one embedded capacitor in a main body for
the embedded capacitor structure, the embedded capacitor having a first
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The net hod may conprise PCB processing steps, LTCC

processi ng steps, or both. BRI EF DESCRI PTI ON OF THE
WORAMINGS Enbodi nents of the invention will beP@ESGE06/000070

understood and readily apparent to one of ordinary

skill in the art fromthe followng witten

description, by way of exanple only, and in

conj unction with the drawi ngs, in which: Fi gure lis a

sche ss sectional view of an enbedde
capa?ga °§ 8$ 8’8?@? Zaygf:c?é‘fjcﬂ T’ﬁj°?‘g eloriredes 4p éormmg at least one
enbodh efecttical Eomneckorini the anatrcihwiypivhereinrad $eass 06d bOthalfirst and
Vi ewe0fn Al GRREI el ﬂB@CduIEQ{el%&Eéé?EMn%ﬁﬁ‘o%cfy@e% LRotrical

an exanpl e enbodi nment
cr oSOrAEEeNonal vi ew of an enbedded capacitor :
g ructure according to an exarrpl e enbodi nent. Figures

4 to 10 ctive sche C _Cross-secti Vi ews,
! st altb TR ek FoRHRE PRt GIoCR R BEtel CC Prosessing
capatdpsoor both- uct. ure according to an exanpl e

enbodi nent. Figures 1 1 to 14 are respective schenmatic

il 1lustrat th fact
of  HRIERBESGSIP b T SRR o accor ding (o an
@xanpl e enbodi nent. DETAI LED DESCRI PTI ON Enbodi nment s
of the péﬁlﬁﬁ@ﬁ’lg}&@v&nfh’ oﬂv 18y 'vgﬁ bteeB&{Hr rs'i d and readily

fabricate e ors power ecou
" cap&epirgrtdojope of e@maah?'@ém apart ﬁﬁr@ébe foflewisg éﬁ”@ﬁ% deaqﬁletlon :

exarsp way SNBSS aBdih eshilinelidh WithS6 HemingdYilwhich:
“optimsation with power distribution networks in terns

of performance and spaceutilisation. Furthernore, the
iexanpl e Eaedi ivemscheprtic auiss-sediongistemmf aw etbedded capacitor

i nt %saa&fe%ecdw.h& tdﬂa.ﬁéfaeﬁp@e PAs&iiM&ntand active

conponen ure 1 schenatic cross-sectional .
S en or  Eire B fiercmale b troQpha il 8 SbamPRAced capasior

ac c strakdure @courding & dn exsimpdxemipddimentbodi ment. In this
exarrpl e ﬁﬂf%gdé igeapgchei%am: Wo@g LLofioRdl iHPEASIL EmbaRAG daPhditor

. g. are | ntegrat
. 20 structure according to an example embodlment

Figures 4 to 10 are respective schematic cross-sectional views
illustrating the manufacturing of an embedded capacitor structure according t6
an example embodiment. '

Figures 11 to 14 are respective schematic cross-sectional views

26 illustrating the manufacturing of an embedded capacitor structure according to
an example embodiment. ’

DETAILED DESCRIPTION
30 Embodiments of the present invention provide techniques to fabricate
embedded capacitors for power decoupling capacitors in electronics appliances

‘and systems. The example embodiments can achieve a system-level
optimisation with power distribution networks in terms of performance and spacé
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with a discrete active conponent in the formof an
integrated circuit (1C 106. In this exanple

wepdediment, | C 106 is connected to vias 110, HAPSG2006/000070
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t hrough sol der ball connections 107, 109. Each of the
enbedded capacitors, e.g. 104, conprises one
el ectrode, e.g. top electrode 108, which is free of a

PhygiiRibhdi F&‘Pﬁerﬁio‘?&tfhbcélan?ﬂé ré%%dd?ﬁ‘leh% ¥4&H behidle system level
inter connects, 1.e. vias 110, . As a result, the

t ofntegralion with dlwemaéﬁwslandtaﬁﬂ&ﬁﬁeg@oneﬁtSbot h may be
different fromthe power or ground plane netal |ayers
e.g. 114. In this exanpl e enbodi nent, the main body of
the striiguied 1B0R schpi@atic KEosemestional|vigw oh@d emped d capacitor

12%truét%f’e 180Gn aaéerdbhcénw.th é)ﬁrs@@&a%l@ém@oawnmpqn 988 example
skilled of the art that in different enbodi nents

de&@?hﬂdﬁ‘ge%tn 3 ﬂ'er%hef seaddRg capeRtIs R 1984104 %’ﬁ gntegfated

f meé 8icidte bbﬁléédrﬁﬁéﬁérﬂ ui% fobf AR lﬁteg%i&d SRYuit (IC) 106. In
nprise of different iers for exanple an

of “?'ﬁ@xﬁﬁlﬂﬁ eMbRGIMe; '&a 06 & epripctec irewes 10) 37 throtigh solder
t eBRAr riHeRtiGHs fo7edger aghén tHCineO leRtheddBa uéasédubrsnge g. 104,
Details of di erent manufacturi ng. pr.oces or |Pg

t 0 CENWAIEEE BRBoBIesHAES \G-91 BB glStPAgedl emﬁlwﬁn {$, free of a
r el ﬁBélﬁilFe@t Elegﬁrcﬁﬁcdnﬁe%tléﬂto Gél@ibﬁleihte‘r%ahﬁéﬁs ofe t\m§1 10, 112.
first exanp nbodi men he utilisation

pad$ 2 %5”“11'@ fap ?ﬁét@%ép? dE?tPBﬁ' &'C%W?éseﬂb theday y'be’diferent

Capeh el Sovferdbr gtddnd Wahé nRdthingyers Wigret14l cal or
asynmetrical electrodes with respect to the vias 110,

112, in this exanpl e enbodi nent. Form ng one of the
el ect r og@ghis. eg(anip1§ éﬁ%d&ﬂnéﬂe tise P Ebordﬁcbfltﬂ\é sifidture 100 takes

across the anti - on 119

cathgfm Hfdamat 8 Zsﬂgéea'ﬂﬂ 1553 ﬁe "Y'@h ﬂﬁ’){’f?ﬁ'ée& by a person

eX%RmSQdS?ttﬁél Eﬂﬂthatc?'ﬁtdiﬁ&eﬁﬁ(&n@dﬂgbi@ C@fb' Ydelpendmg on the

provi ae Q n e Vi €. d. ,.fo tacllit

f oMiRRYTRFUERY é%?‘i\npiﬂ%ugseéwngtﬁsﬁogv%?%f ﬁﬁﬂs thictyp, 0, the main

g %!)ﬁd?!lrﬂa E:@n‘imﬁélfo’i(‘dlf%r@ﬁt iy e e A& éx*(e&nﬂ@rénelolbs (rjnq?é of the layers
0 ed in

be appreci ated b erson s
o M inclide arReramiL e BapRLITHTER TG ol gic Eennology
t h@néﬂdfé(%tuﬁﬁ@OdIU&éﬂs ofli @fferent ratufattuding | pmcééﬁwmcardmg to
conponen

b (xarIt spaamants vl i ese bae SelevERitf TefergigedBitigures 4 to 14.

el ectrical connection to the vias 110, 112, e.g. top

Another feature of this first example embodiment is the utilisation of
capture pads e.g. 116 in the construction of the embedded capacitors e.g. 104,
with either symmetrical or asymmetrical electrodes with respect to the vias 110,
112, in this example embodiment. Forming one of the electrodes e.g. 118 using
the capture pad 116 and, across the anti-pad region 119, the metal layer 121
can provide an improved space utilisation in this example embodiment. Capture
pads are typically provided to "anchor" the vias e.g. 112, to facilitate formation of
continuous through-vias where the vias e.g. 112 are manufactured in separate
portions, or both.
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el ectrodes 108 of the respective enbedded capacitors
104. The el ectrodes not connected directly to the vias

wai®s1aa) e.g. top el ectrode 108, can provi deP€Ti8G2006/000070

function of high frequency decoupling. By selecting
the el ectrodes not connected5sdirectly to the vias 110,
112, e.g. top electrode 108, to be resistive or by

cont r ol i dehdpptesiatedt s gehdsrkaiamsd lrﬁmﬁmm&dfﬁytlﬁeembedded
provided to supgﬂess resonan?@s due to Povver

cafrp3citor shetura\igP pd the Brst gmbogimente hig r%{r ek, 'rﬁ)ﬁ w Hrequency

enbeﬁlipeﬁeﬁtsl Sah Riw MolbK tA¥ ivdas 1116; 112 dNd BYp&ds the respective
buri ed snual |nterc nnectlon is

coﬁ{egerpd%érea %%%t?@g efacticd CANRRIBE becres .r@gr 492, e.g. top

5 coembu@@ 109 detWe %s@écﬂ@emﬁé&decﬁc@aadt@& ed£CThe@ectrodes not

105t FRRABPECLBYE

whi ch nce r it i val ent .
oi CRORReD ATty BoRerian S0 bR i) HE ARt U @an provide the
enpgaitien 68 tfaéqwetrfcycayécmpmg COBPrictedingi 3iid | dlgttestes not

CapaoraPd dreeiiiie haascl R 112 28 L eEooR o8 Jg Becippistive or

pe bl WomeroRifig rtad ldeb@ﬁﬁﬁh Shickihels! Garhpiitpwiiycbes phaviddd @ suppress
Cross sectlgnal I ew of not her. Sﬁbedded capaci tor

rRAYRY %’eac%"étX §%xanpl e
enbodinment. In this exarrpl e enbodi nent, the enbedded
capacitqrs,e. 202, ced un discrete. .
capaci t g\"oﬂ"f%% SRR P frs{ ﬁ’é”@f?‘ t&ch 'si t:t)af Ag microvia, 1.€.

SaPiB Blind be lﬁigéd%r‘dél!i dlé]ﬁeté?l&?lblk;dwﬂeam&s \netglthred to contact the
refer to ur t r ecj at t
e ESTO0RS Meeciih st siqonial conne Pl & {hodas (P, 112, .. top

15 €. glectiofe MBY, WhichInay eshqricevielibility] k capaci tance for

25

30

m d frequency power decoupling. In existing
techni ques, discrete capacitors of different
capaci t anheeeqw}am cirteit forake powkodigtribution eppsrks the embedded

r esonances resonanc f ,indi vi,dual .
(o BB Ssthius 11 bomB e Ao LRHACHEY elements.  This
r esepdiodyg mﬁyf titéwireambédiddd saparitarsio thiepnelividuaity| tailbredeto meet
of cgga0|t rs in this exanpl e enbodi nent, a broadband

20 5o ¥ MaARGe RIS RE=2n be provided with the

di screte capaC|tor e.g. 206providing t he | ower

e e R0 8 £ B3 B0 ol PBL AR BRB G Sveccea

204apacitdnestrexcan®| 200 according to a second example embodlment In this
example embodiment, the embedded capacitors e.g. 202, 204 are placed under
a discrete capacitor 206. Otherwise, the structure 200 is the same as the
structure 100 described above with reference to Figure 1. It will be appreciated
by the person skilled in the art that discrete capacitors e.g. 206 may be used to
provide bulk capacitance for mid frequency power decoupling.

In existing techniques, discrete capacitors of different capacitance values
are placed closely to suppress resonances due to self-resonances of individual
capacitors, to extend the operating bandwidth of the resulting structure. Ultilising
a multiple or multitude of capacitors in this example embodiment, a broadband
power decoupling network can be provided with the discrete capacitor e.g. 206
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enbodi nent. A typical power distribution network, as
known to those skilled in the art, would conprise of
w0 bovego@er e power decoupling conponents: | ow fPENS&N0§000070
bul k decoupling (nF to nF), md frequency decoupling
(nF) and high frequency deco@pling (nF). The high
frequency decoupling can be inplenented either onchip
( brovidiRy tiag IBWeEhﬂeﬁuah@ﬁbulkf chpaditaAeat adigasr lfﬂémency capacitor
farlcatedlnteral it &% The dfre
e CYBRPIING it ARNGYET Y Hige ArBatided cRRaplRss ¢y i In the example
| nteagj@ﬁmgﬁpam tor(s) or inplenented in the formof a

di screte capacitor. The bul k decoupling is inplenented
in the formof a discrete capacitor. In this

5i nvent i @0typidaepbwbr tiztibetioh MeRUsrR| as apanhu@mds)e sHilldd in the art,

unction as .either as high freque

o SUHST PoBPrSe o e e T SepUIME TN B S SO atiency bulk
f I daensiinga e [tevnfy, eﬁmerf@qudhqp rd@bauﬁa@aw)oaﬁd Wigh Stequency
the latter can be used with hi reguency on-
caRePtRing @R Ton WerEGERRYY deSerelns PR MRpgnisg sither on-
e| tchSJ“ (Eﬁsﬁmltbﬂ opy sl aﬂ@ﬂﬁrordmelmlehfé@ a8 fHeOValstRAted integral

atelsg ure 3a showsasc mati c
iew

0S
10 s CAPBRAAN st BRENRITY dORSRURNNG 5o e, dmplemnenied as the

ac ¢akribalet tlﬁtegrélhbéﬁbcﬁft&ﬁwp'cﬁ &ﬁza@memﬁu in | thet fortn of a discrete
exanpl e enbadi nent, a n ded cag tors

ed
" GaPagST 3ddenPil AERIPIG sy IO Rea R I dhs JoiT el a disorete

Corﬁéﬁaéﬁf&r i 1A thféeinf/@ﬁtmnoﬁhélfbﬂrﬁa%%mtéy?ﬂl &&ﬂd&ltar(éwwblefunctlon as
of enbedded di screte c%pacltors e.

Th| ex
ents#BPh@s: highyfreiensy (¢ m'ddrfieﬁugn?f é’&"%‘?"ﬁgow aeo%ni%@r can be
15di smremnea@a%t RIS fre@lé}ﬂiy\/\bﬁ@,low H%q%bh@ﬁﬁiﬁc@eta%paﬁltors whilst
t he sgﬁrr@ he stru,cﬁur scrlg boy J;
r eft? &ites cpp ﬁ.lgﬁ?ﬂéfv'& hig f'Eﬁqi”PB%ﬂ'E' ARG Anc iy frequency
or d'EUr@te%éifa’cﬂbl% C fP afthé 0t SsaT By oddbdidopbwer datoupling is provided
di fferent locations throughout the structure 300. In

t hdMR4FGEng, different manufacturing processes are
descri bed to manuf act ure enbedded capacitor structures

0o el B B SRR R Re LePSel YRR an, robedcic

I S capacitor structure 300 according to a third example embodiment. In this

example embodiment, a number of embedded capacitors e.g. 302, 304 are

integrated with a discrete active component in the form of an IC 306, and with a

number of embedded discrete capacitors e.g. 308. This example embodiment

25 may be particularly suited for low profile discrete capacitors. Otherwise, the

structure 300 is the same as the structure 100 described above with reference

to Figure 1. In different embodiments, one or more discrete capacitors may be
provided at different locations throughout the structure 300.

30 In the following, different manufacturing processes are described to
manufacture embedded capacitor structures according to different embodiments
of the present invention. A first example organic manufacturing flow is
described with reference to Figures 4 to 9.
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described wth reference to Figures 4 to 9.1n Figure
4, a pattern for bottomelectrodes e.g. 402, 404, 406

wo 2006001 on a doubl e-sided | am nate 408. ThePCT/SG2006/000070
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25
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materials for the bottomel ectrodes e.g. 402, 404, 406
can conprise of, but are not-limted to, netal foils
al ready prel am nat ed on the dielectric 408, and may

conprise ¢o ' dj, nent e .

el ectro g 'S&D 4 i'd)f‘ teﬂ'bg’rab%t@ %bggd% ?lger4§2d4?ﬁr4ool?g'ﬁ formed

et ohi angiooblet—shaed: tgrpieatd a@&rTheT Ineatbdais rfat éhelDBttararelectrodes e.g.
i S_not ed_ 10

g@él %@6 ’Ogggérbrcggg}ﬁrtsebg epfnﬁ]—@ltg%et)?t meta.}] fm#]s already
K maélammdted @ndmpaﬁelbetmcbgoaoramt mnay, ccsmnsecompengn tbe example
other knho t-echn es to formdielectr.i
5 Sctnen, TiopeBies & oy W2 PATAR Eah B patemeg throush

be etahingedf thas:dpbéulayeatTeﬂ lamirféiteg 408 can cbhwpriseg, But is not limited

T 1 R Sy ATl SRS s e

c o] altepdsntad by: pammgp Ispimt cmiatlag doucuhhed kaewn deghmiguesrie form dielectric

bel ow _ab \Y; i
or éaomar se Ube& (?ZC h%(?ﬁl {’02)%2“8“3 ng% bé%a&%F#ﬁoe be formed, as
cenlmstratefdu in Ergyrarfe UBted high Mmaem ¢ane cdingriee tofi eeramic filled
{ e t t
PP, Bl B R Cridhdd SoFERSH BaB R PR o A comed o
604cmea prInl'mZU dnyd purett iatgferspemtureabeloy, ahOUthﬁQC achieving

kn% géﬁ]{y \Hlﬁ’?%r eﬁﬂ%jéﬁﬁ Q%?%ﬁ ,na%gr d%gnt hﬂb ceramic

Iam A op And om O f dou e- sl

I arﬁilemt EH’GMd wsmlcrda@etthatchdecmc Fiogataat of thengaste ﬂnhﬂae example
ad%njig (?ﬂ'ﬁgn ayers 700, 702 can conprise of, but are

not Momted to, BT, FR4, gl ass-epoxy and organi c based
materials. Wth referenceto Figure 9, through-hole

vi as 90(&1@? Oﬁuﬁfa eé Fﬁep'ﬁ% bl Fh% Iﬁg' éigctm:a%lga@g C862, 604 are formed

drilling, "T"aser or ot nown techni ques.
ThebytdrMughsmlmbea’«nmgr etlfer keoan dechnidwes. pl ated to form

the desired electrical connections. A low tenperature
cofired ceram c (LTCC) technol ogy manufacturing flow

i n anot HelditonaimEyerse 7004702 ate #han laminated tadbertopend bottom of

W ttlt?e rdSLSIe-eéq&@d finate 408, as illustrated in Figures 7 and 8. The additional
layers 700, 702 can comprise of, but are not limited to, BT, FR4, glass-epoxy
and organic based materials.

With reference to Figure 9, through-hole vias 900, 902 are then drilled
using mechanical drilling, laser drilling, or other known techniques. The
through-hole vias 900, 902 are than plated to form the desired electrical

connections.
A low temperature cofired ceramic (LTCC) technology manufacturing

flow in another example embodiment will now be described with reference to
Figures 10 to 14.
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Figures 10 to 14.As illustrated in Figure 10, vias
1000, 1002 are drilled and filled in a ceram c

wastiolse 1004. A pattern for bottom el ect r odBGT/BGLH06/000070
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1006, 1008 are forned, by printing, spin coating, or
ot her known techniques. Nextg8 and as illustrated in
Figure 11, a high Kmaterial is deposited to formthe

di el ect WsCilll:styed Gh FTBHHS 16, aiaslﬂc% 1bb94arfeoamtéaﬁand Jiled in a
enbedded capacitor structure to be forned.

raCerEmiP syRyirate 0% AnPaiiaaden bBE%mee'Fﬁté‘?dQsaﬁ Qbé%% 1008 are

SC'f&ﬁﬁad?bx PRGN AP ESRMgOYr Sthef I%ﬁdvﬂgtéthnfq%%er atures
greater than about 8000C. The dielectric |ayer

elements e.g. 1102, 1104 may be deposited by printing,

spi n codqldxfdandhs Qﬂd%ﬁ’étéﬂml\/\ﬂghﬂ&hﬂ' ﬂu‘ﬁéh Kepdteridlon depOSIted to
el ectrodes. e. 1202, 1204 are fornmed as illustr

in crfngmeed'f*‘ec%%@vebﬁle@?eéﬁ Pt 02, a1oii@rzthel%28%§eéi capacitor

f O%ffﬁéiuhé’tdobé Rrhied, TR A ﬁ@@?n‘aﬂﬂlaq) a3t heh depaniie based paste that
t echni ques. addi ti ona gl?‘ | ayer 1300 i s tha

| afPRRESERAN wﬁeéﬁntﬂwgr%de% terlng s {6apgraties Sieater than about

i | lBpetc.arpd dlélearﬁura%r biensetls et % nee2l 4i0g rhay de deposited by
| am nat ed substrate @bructure 1400. The additi onal

t apdn "%ﬂ/ép"‘l%‘l%'"gaﬂr ﬁbk"%@tﬁc NGYESi s not |inmited

to, ceramc and glass-ceramc naterials. Miltiple

t apes be Ia at ed tog e cha cal |y
t enper a topcﬁ ngsb?ygl ﬁ)&s 13{6§1carﬁr @sdbﬁtfag%g in Figure

at 1penpey ﬂipUéI@chsoe aboro2, 9204. areubimied lbbqorlrmag sépihiocvating or
Iam nalthBY"“ & cess, the tapes are sealed in a

Nig8%he exanpl e enbodi ment. Wth
reference Figures 13 and 14, the tape | ayer 1300

i ncl udes, vi ortions 1302 304, ac ape
mechani &4 @ g@fﬁ%’?ﬁ'ﬁ@p? daygr,130041s; tha {gﬁ@"@@gﬁ‘é ‘ﬁ' top"¢f the ceramic
errbuswaen%m as eim!isﬂra«tﬁl tin Fadures! £35 andt e\ Cidsuftingl inng laminated
ist us [ e ere
¢ sheivase s5tcl e 10 L aQvaH steae! 16l San Boipbrise of, butis
pornbt Jchﬁ*ﬁtea3g2,ce1:8% ahd glabs-cetimic &dgte(ﬂlal%e Mbigiple” tapeer may be
el e e structures 120 1204 durin
ATl (g Rectiancalt of woqfioiruetits cfiiowsg by iso-stati
mafp%slsake vdpptied eﬁb@éﬁ&péi’a&u@ apt tooddont raetclr EurihgdOthe iso-static
12 aflml%ra] lorl1J %%eée%oeﬁ"ne P epegegrgssseqarle/d gnefao\yngerproof bag in the example
embodiment. With reference Figures 13 and 14, the tape layer 1300 includes
via portions 1302, 1304. On each tape layer, mechanical punching is applied in
the example embodiment to create vertical holes. Stencil filling is then used to

fill the holes, thereby forming the filled vias.

In the example embodiment, those via portions 1302, 1304 are not
required to be "bent" over the electrode structures 1202, 1204 during the
laminating step. Rather, it is the tape layer 1300 material which embeds the
electrode structures 1202, 1204 and undergoes the necessary deformation,
thereby reducing and preferably avoiding deformation or strain on the via
portions 1302, 1304. The via portions 1302, 1304 are aligned with via portions
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thereby reducing and preferably avoidi ng deformation
or strain on the via portions 1302, 1304. The via

w@erbitarsd 1302, 1304 are aligned with via portPCRSGB0&000070

1308 respectively forned in the ceram c substrate

1004, the alignnent being fuher facilitated through

the capture pads e.g. 1310. It wll be appreciated by

t hel 3p6y 4808 sespdatidely rfotrhed 4 the leatanio dubetraleoye04, the alignment

©o OE s BREL P4l Hhahor? i ePRlelrnBl b By bo

formed by repeating/addi ng corresponding nultil ayered

Can.pr ott "€ RRsEEH Y0k el Y500 SR e A iet m Fe above

5t eehrampieemanifactwihgritpwsodesexibag hdth retarpadd toi Figlseswd td114, multi-
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35

exh Skl [ ' [ rd (PCB)..and, LTCC . .
a Lf PR EY sl B, FortR By R R amorRonging mut-
codayeser pracessing stePlsi nd/ buri ed vias are not required.
Potentially inproved reliability and yield. - "Plug

and play" integration of enbedded capacitors, .
provi di gnibetiingntsf rof ethempresdntpimveatiopover plecidepla ngimber of

pe g.l’g}?sﬁ ' ) f erati n and
ba%gg\nérg?ﬁ&em nia u?‘bgg?q%guessﬁ] %\ﬂ‘nlq?rl]g%geéﬁ'&p Ci ated by

a person skilled in the art that nunerous variations

and/ or nodkfi cati.ans Y, - he.present

i nventi ond%é'hg ol{)/{m_ |vr¥mt?h%)9§5‘g§sﬁ Ptf:eg_e%lgcgjdqpkgmcg (W_:Phoaﬂd LTCC
depart i ng maovifiactiging piprocesses,s dogediof thigh-volumet iaml dsw cost
br oadl y descoqlgti(%gq. The present enbodi nents are,

therefore, to be considered in all respects to be
i || ustr at i Blinddpdiedotiag astnateequieed. For exanple, it will

be appr e¢i il ol AT aRSity AUQHg and di mensi ons
"ay my v tYy | é

of the el ectrode ers a i fferent .
enbodi ment"®lugpard ptaypintegratibmiof eripeddedreapacituirs, gprgviding design
enbedded GaRagitor structure. Simlarly, the shape,
- Improved power decoupling performance, enhancing the speed of
operation and bandwidth.

- Miniaturisation.

It will be appreciated by a person skilled in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific
embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects
to be illustrative and not restrictive.

For example, it will be appreciated that the shape, layout and dimensions
of the electrode layers may vary in different embodiments to suit particular
requirements of a given embedded capacitor structure. Similarly, the shape,
layout and dimensioning of the power or ground plane metal layers, and the
capture pads/anti-pads may vary in different embodiments to suit requirements
of a given embedded capacitor structure.
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| ayout and di nensi oni ng of the power or ground plane
nmetal |ayers, and the capture pads/anti-pads nmay vary

WO pooditéfser ent enbodi nents to suit requirenent SPOF/S&2006/000070
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gi ven enbedded capacitor structure.CLAIMS 1. An

enbedded capacitor structureOconprising a main body;

at | east one enbedded capacitor, having a first

elgicAmgle, a dielectric |ayer, and a second el ectrode,
formed in the main body; and at | east one via

el ectrical connection fornmed in the main body; wherein

at | east, onenpémbbadéd espacitod ssectordcrhmitingpdes i s

free fromdirect electrical connection to the via

el ectrical AARYLP?Ons. 2. The structure as clained in
claim 1, furdthpastomer esibegded depasttonriwmviie er dired electrode, a

conmponent mounted on a, surface .of t i 1. ..

T HUBIGP B LR A8 SBar T EPROSE fPimast  8 it By aha

di screte comgoessitonevimelestisabronn€ctien foamadiin e wain body;
both. 4. The structuyre .as cl.ai [ laj :
wherein at I‘@é%rte'rb#eje%?t qq‘?eOf\a}#gﬁ%t g@?%ﬁ?@ﬁ%‘%ﬁﬁé%% IS free from
i sdifeet BRGtrivabssraaiction to/thende eleetrical cormedtisns.et e

conponent. 5. The structure as clainmed in any one of

claims 1 to 4, wherein the electrodes directly o
el ectrizal | yThortractues asoclaiesgukeit chaim vi, fugheic comprsing at least

ti f d ti
C P isedns ednbotdidiiiiy BhaMhRReFr el Eoage! ' ve
clained in claim5, wherein one or nore of the

el ectroges dj{éeeg%;tlé%(itﬁ?r:eg%tsr ISRhbd PSR & Wherein the discrete

respectrve v cOnnect 1 ons conpri se at

| eesrhp@radriticonprieés ardPea tapacitvapt bot. pads of the via

el ectrical connections. 7. The structure as clainmed in
clains 5 or 6, wherein the enbedded capacitors are

f or med $ymmeThé etltiureas afdiined ymetims @adl 3, whergin at least one of

respect to t.he respectiyv i ' .
ia. \ th the discrete

cofiFe¥ia; gfglrigdl ‘?‘Hg%gﬁ r&sé?su\r“erﬁ‘éa? g%slrt?reg “ynungne;n%ane of °°

cl edbmporderito 7, further

5. The structure as claimed in any one of claims 1 to 4, wherein the
electrodes directly electrically connected to respective via electrical connections
are formed as branches of the respective via electrical connections.

6. The structure as claimed in claim 5, wherein one or more of the
electrodes directly electrically connected to respective via electrical connections
comprise at least portions of respective capture pads of the via electrical

connections.

7. The structure as claimed in claims 5 or 6, wherein the embedded
capacitors are formed symmetrically or anti-symmetrically with respect to the

respective via electrical connections.
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conprising at | east one discrete capacitor enbedded in

the main body. 9. The structure as clained in any one
wobooshaiss 1 to 8, wherein the el ectrodes freerPdT/®6E2006/000070

direct electrical connection to the via electrica

connections function as highlfrequency decouplers. 10.

The structure as clainmed in claim9, wherein the

el ectrgles friRe sfructoraliasecihinedd i ranyadne ariindaimison too7, further

the via electri,cal gconnectiaon rQvi L pg.

s (FOPIRISING B R0E '%%tetf@pgﬁ%ﬁﬁéﬁb%‘rd%ﬁgﬁgﬁ% F‘%y‘* Body.

effect. 11. A nethod of manufacturing an enbedded

capacitors ructure, the nethod i SN f ' ;

at | east on:]t%%ﬁté%'é@ %Saﬁlgg??éo]f‘n ?W?ﬁé’?ﬁ%é;}%@'%‘e&em_ the
5 erdiecfrksaeRatbinadirest electricabconrestionte thiedacigcidsal onnections

havi ng a f'b_rﬁt el ectrgde%? gi el ectric layer, and a

s dUBAIPNALIBP SEIUCANIFEURNHT at | east one via

el ectrical connection in the main body; wherein at

| east o of .the first _angd. o} egt ; '

free fr di Mt PURPNES PP ccgef'%ggrfﬁg%ﬁno%’ @ggﬁ%ﬂéﬂ\ﬁ?%&dédes fr.ee

el fesrhr dtedt etsetrival i @mmectich tFhthenwichelecticall gpmrestiphs provide

1o < T o258 el L 108 QTR BB S

11. A method of manufacturing an embedded capacitors structure, the
method comprising:
forming at least one embedded capacitor in a main body for the
15 embedded capacitor structure, the embedded capacitor having a first electrode,
a dielectric layer, and a second electrode; and
forming at least one via electrical connection in the main body;
wherein at least one of the first and second electrode layers is
free from direct electrical connection to the via electrical connections.

20
12. The method as claimed in claim 11, wherein the method

comprises PCB processing steps, LTCC processing steps, or both.

25

30

SUBSTITUTE SHEET (RULE 26)



