1 Embedded Capacitor Structure FIELD OF INVENTION The present
invention relates broadly to an embedded capacitor structure and to a
method of manufacturing an embedded capacitors structure.
BACKGROUND In the design, processing and implementation of
embedded capacitors for power decoupling in electronics appliances and
systems, different techniques have been proposed for the implementation
of the embedded capacitors. In the implementation of embedded

capacitors, limitationEmbydadscuperintiogiattedntegration of the
embedded capacitors with power distribution networks in terms of
performance and space utilisation. For example, blind/buried vias are

typalyyresuirgiERawating techniques, resulting in process limitations
and increased manufacturlng complexity. Furthermore, in existin

techniqueS %id¥ §6F Migh RIHant éﬂat?ﬁgﬁﬁ?@al!eﬁ‘éyaae@@ﬁﬁﬁfbeg capacitor
respeativel amiist sypicihiby bé rpeovidetrresaing e iteassscitvvsnhercafre.
interconnection and solder joints. Often, the different existing techniques

for the implementation of embedded capacitors are designed and limited

to B4EBRPEIYEss technology during manufacturing, which can impose

further limiaHanfabedaling dpehaiaues eHRIRIaGK &f fisniabiling df)%fcltors
dlffﬁorent manufggcturlng process technology. SUMMARY In accordance

witfPh VG5 PR RHpris B ffo PRI RS r8R By Sle S strdifferent
strietbréacem rasimghasmnaindpodyd abole dist onelembedidted oapacitembedded

stryghureformed mghﬂqm%h%qwb eé%‘b%ﬁ%f%‘ém cﬁa]&‘Eo%o‘i%zB AE may

formed in the main body; and at least one via e conhection

forfE iMtieiaham olle datesraticeopintdicinkseiesiegracitors with power

distribution networks in terms of performance and space utifisation. For
example, biind/buried vias are typically required in existing techniques,
resulting in process limitations and increased manufacturing compiexity,
Furthermore, in existing techniques, vias for high current and high-frequency
decoupiing, respectively, must iypically be provided, resulting in increased

number of 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 techniques due to lack of adaptability for different manufacturing
process technoiogy.

SUMMARY

In accordance with a first aspect of the present invention there is
provided a substrate structure comprising a main body, at least one
embedded capacitor struciure formed in the main body,; at least one power
or ground plane formed in the main body; and at least one via electrical
connection formed in the main body, each via connection connected to
one of the power or ground planes; wherein the embedded capacitor
structure comprises afirst electrode formed integrally with one of the power

or ground planes, and a floating elecirode.



one of the power or ground planes; wherein the embedded capacitor
structure comprises afirst electrode formed integrally with one of the

power or ground planes, and a floating electrode. 2 The structure may
further comprise at least one discrete component mounted on a surface

of the main body. The discrete component may comprise an IC, a

capacitor or both. At least one of thevia electrical connections may be
formed substantially underneath the discrete component. The electrodes
directly electrically connected to respective via electrical connections may
be formedagbsanehes afdherasnestiveiia ele@ESELAORNRGHRNSo PHshent
or more | é J%e elec%odesfqgectl ,e‘%ecgrically connected to respective via
eleCirical conneéc |L6n%0?n8yc MpHse°st least portions of respective
capture pads of the via electrical connections. The embedded capacitors

may be forfiedskrapeisisalingn anl synelricaliy Wb espectio the

respective via electrical connecti e structure may further comprise
at least one discrete capacitor embedded in the main body. The
electrodesprerfamodiseciieletrical cossiacprctmtendaelesiiicdle formed

corgn%%gi ﬁ(}lsa | @F\I&é'}‘%iaﬂ as, rg%hrgt%ocucencgn%l%?ouplers. The electrodes
free from dirett electrical CORnection to-the via electrical connections may
provide damping to suppress resonances due to a power plane cavity

effect. In agcordanesuithia srropdiasnRALfibe RIeseaL lnvantion tere; .
is provided 3 a method of manufacturln% a substrate structure, the .
meﬂ%‘ﬂ%‘ﬁﬂﬁ'i%:be formed as branches of the respective via electrical

conneciions.

One or more of the electrodes directly electrically connected to
respective via electrical connections may comprise at least portions of

respective capiure pads of the via electrical connections.

The embedded capacitors may be formed symmetrically or anti-

symmetrically with respect to the respective via electrical connections.

The structure may further comprise at least one discrete capacitor

embedded in the main body.

The electrodes fres from direct elecirical connection o the via electrical

connections may function as high frequency decouplers.

The eiectrodes free from direct electrical connection to the via electrical
connections may provide damping to suppress resonances due to a power

plane cavity effect.

in accordance with a second aspect of the present invention there is

provided



forming at least one embedded capacitor structure in a main body of the
substrate structure; forming at least one power or ground plane in the

main body; and forming at least one via electrical connection in the main
body, each via connection connected to one of the power or ground
planes; wherein the capacitor structure comprises a first electrode formed
integrally with one of the power or grouhd planes, and a floating

electrode. The method may comprise PCB processing steps, LTCC
processing steps, or both. BRIEF DESCRIPTION OF THE DRAWINGS
EnfoddfifiBRtLbIREYR-ENHSS RilPBeshatteSHaRIS oSt PamERAGIIRPMPrising:
apparenptebiesf ordinambshilldt tepacitdrosirthesfellowmgnanitendy of the
ceSaBhan MUREOIEXATNE Al 81 BLGAPPIBNMIIING iy the main

rawings, in which: Figure T'is a schematic cross-sectional view o?

enPRYd AT EPANG AlSRRRGNe K% SHORHF RO SANBREIAPIE dhsuddimeedy. each
Figusiecdriser sohesatic o 3s-sastismakvianel an @ohedordLanasdein the
structure, according to an example embodiment. Figure 3 is a schematic
e S e R R P o D B ST e
exRMpie erapdipmhranEiRie s destBaaeaiysisctive schematic
cross-sectional views illustrating the manufacturing of an embedded
capacitor structure according to an example embodiment. Figures 10 to

14 are regpectiveisrhenaaticsnosss &t rrioseseindllatstrating e processing
maggfachigof an embedded capacitor structure according to an
example embodiment. 3a DETAILED DESCRIPTION Embodiments of

the present invention provide techniques to fabricate embedded
capatifdT &k PRikai QN ot flikg DRFRIMEGSIN electronics

Embodiments of the invention will be better understood and readily
apparent to one of ordinary skill in the art from the following written description,

by way of example only, and in conjunction with the drawings, in which:

Figure 1 is a schematic cross-sectional view of an embedded capacitor

structure according to an exampie embodiment.

Figure 2 is a schematic cross-sectional view of an embedded capacitor

structure accerding to an example embodiment.

Figure 3 is a schematic cross-sectional view of an embedded capacitor

structure according to an example embodiment.

Figures 4 to 9 are respective schematic cross-sectional views
iHlustrating the manufacturing of an embedded capacitor structure according to
an example embodiment.

Figures 10 fo 14 are respective schematic cross-sectional views
itustrating the manufacturing of an embedded capacitor structure according fo
an example embodiment.



appliances and systems. The example embodiments can achieve a
system- level optimisation with power distribution networks in terms of
performance and space utilisation. Furthermore, the example
embodiments can achieve system level integration with discrete passive
and active components. WO 2006/101460 PCT/SG2006/000070 4
utilisation. Furthermore, the example embodiments can achieve system
level integration with discrete passive and active components. Figure 1 is
a sdhEniti€ Dro&s saRGaNview of an embedded capacitor 5 structure
100 in accordance with a first example embodiment. In this example
embodiment, a plurality of embedded capacitors e.g. 102, 104 are
integrated Withedseietaldeaveresinpnention tievomiashainiaeipdaicate

CIrCUlniK2HAE®. lfad&&ﬁgﬁ%awIe;@wbpd@&mplﬁgloéa&e@&@eqwdé%&i%%ics
110, 11%'@ thggg dlder baIlBaonnectlo s 107, §.09 Each of t

embadaisy ¢apacno r%s ° f5%8 %ﬁ%%o H@eé'@c?%ﬂﬁcgedetg system-
electryge AU ipatien I&!ﬁﬂe@owea Pbiyibictdiliretivetestiicid oo vetifotmance
vertigahirges COnMREI CF YAt Brel kRe SRatHiS W iRiRRRLeEH P hieve

108 material, thickness, or both may be different from the power or
grouPkPSTANE AT 955ee Wil 4% e AASHIS SRS ABIVEAABRARTIR; the
main body of the structure 100 takes the form of laminate layers 122,

124, and 126. It will be appreciated by a person skilled of the art that in
different embodiments, e.g. depending on the manufacturing technology
used in the formation of the structure 100, the main body may comprise
of different layers, for example one or more of the layers 20 may include a
ceramic sheet in low temperature co-fired ceramic technology
manufacturing. Details of different manufacturing processes according to
example embodiments will be described below with reference to Figures 4
to 14. Another feature of this first example embodiment is the utilisation of
25 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,
Wietttetdltlyer 121 can provide an improved space utilisatiBRTGF§$6/000670

example embodiment. Capture 30 pads are typically provided to "anchor"

the vias e.g. 112, to facilitate formatiort of continuous through-vias where

thev e, manuf tured in epar ortons or

SUSURASE BT RO LB Er D S O RO S SN BTETb >+
5 It inthwatmppréitigdieereip amrg@ra@qim@twmqﬁ@mﬁm in the embedded
capacitor structure 100 of the first embodiment, high current, i.e. low

frequency Fc\gg)mgqn%ntsg gan ﬂcﬁéc Cm(%g%%épe vias. 110 112 ang %Séagacitor

Vi
the respective elec rodes rom direct ellec?rlca? connectlon to the via

51 108 dstuEeg! Q%wsaé%ﬁaa@% Wil Bftifé pE3pHiERTEIPHIERIEd EafisifsrRmple
104 ®inetipde plnntiigosmestegadisea ctiydisctiiesviag 1162 1124 exg: tofegrated

cleciRE A% AaTLBGYIOS 6L OLMBLEEH IR dacoRRlge Proe. 1

selecting t ectro es not connected directly to the vias 110 %
top ElscEEBPIDSMBIEMEListive'BF ﬁf@ﬁﬁﬁ%ﬁé"tl‘(@&éﬁ@sﬂléﬁ through solder
thickmdisspdaseping na&y bd §Fovidiedito sufipze sentiflidesonapeciasie ¢qg. 104,

1ghe 98?9(5?:439”%55@\’@/9@{?88& A@%“%E?a%%t@ége fiset e¥MBRlCIs free of =

embadiment is that no microvia, i.e. no blind or buried small djameter

inte RIBIRITALENRIS F55iTRa TBUSERR tRey=Veat DRl RR G e 110 112

electvicalresnhettiotprosiscivide 106, ridrialg tinsnesselectrotierna@B pe different
whigh,mMayeShancs: habilityiafbe-Remlialert £igcuit for the power

distribution network of the embedded capacitor structure 100 comprises
distributed capacitance elements. This topology may allow embedded

1&apacitorsito this indunaIBMBRgIEetH Heena0 bpstent Refinaie 100 takes
requie MBRtSS laminate layers 122, 124, and 126. It will be appreciated by a person

skilled of the art that in different embodiments, e.g. depending on the
manufacturing technology used in the formation of the siructure 100, the main
body may comprise of different layers, for example one or more of the layers
20 may include a ceramic shaet in low temperaturé co-fired ceramic technology
manufacturing. Details of different manufacturing processes according fo
example embodimenis will be described below with reference to Figures 4 io 14.

Another fealure of this first example embodiment is the utilisation of

25  capture pads 2.g. 118 in the consfruction of the embedded capaciiors e.g. 104,

with either symmetrical or asymmedtrical electrodes with respect to the vias 110,

112, in this example embodiment. Forming one of the elecirodes e.g. 118 using

the capture pad 116 and, across the anifi-pad region 118, the metal layer 121

can provide an improved space uiilisation in this exampie embodiment. Capture

30 pads are typically provided o "anchor” the vias e.g. 112, to facliitate formaiion of

continuous through-vias where the vias e.g. 112 are manufactured in separate
portions, or both.
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Figure 2 shows a schematic cross sectional view of another embedded

capacitor structure 200 according to a second example embodiment. In

this example embodiment, the embedded capacitors e.g. 202, 204 are
WhHiated tidder 25 a discrete capacitor 206. Otherwise, the StR{CHHE2@OIPE070

the same as the structure 100 described above with reference to Figure

1. It will be appreciated by the persor?skllled in the art that discrete

capacitors e.q, 206 may be. us d to rowd ulk £a, aC|t ce for mid
frequency‘f)ga/e%r’ ERB % ‘I?ltg? In Bxfssf?ﬁget( CHNIGUEs, ﬁ i the embedded

capaenerdufiiferdnt t%a&m@ésvém%dﬁﬂ@rmd@@ﬂ ElTSRIY. feesippreaguency
resmmfedtée kaseibiesprageemef vigvitiual 1aapastopypiketienddéiective
Operm § Quicith,of t&‘? HeiRg-st alrdshe: t%H"%”& §'W?!?C% 2 e.g. top
multi acitors |nt IS examp eem |ment a roa band power

%ec@lﬂﬁﬁﬁ@i% §rfdBR %Fﬂﬁ@fw&éﬂ%ﬁﬁ%@ E‘“f’é@"’éf@féa'fﬁﬁ(:ltgh% egpgdes not
SUBSAREHAE diidfly To Rid k22 6)10 WHR 20064bP 66irode 108, can provide the

PC?&%@@QQ%QOR%O f%%%&)”gé@&d&%@r freﬂ&‘eQ&béQ%HE Cﬁ%acé@&‘?&das not

her fre(%uency capaci ypassing Is achieved by the'embedd

capa%na?g B BRI Dot %e/setf9af'03f360%ﬁé?e resistive or
distibuttorroiiitgdiie dedowdion thithosssldadninghaayr tbavpolddeshiprsepress

1007 (RERB LHERUNEEBEOHBHRY SARERGRISHOW frequency bulk
decoupling (F to mF), mid frequency decoupling (F) and high frequency

decoupling (nF). The high frequency decoupling can be implemented
either on- émipiiibufemtitedbshenfisshr@mingsibediment 43 el Ribridateda. i.e.

inte.ﬁfﬂ'bllgd:@ﬁmh efS)serEQ@ md' K%Uiiﬁﬂﬁi‘.&!ﬁ%ﬁ( W&C@z:imad to conthact the
imple t abricated in capaci implemente the
forny oF ?mé? SRréte ?:rg{)nagreCF f%ﬁ% e%&pﬁng%léﬁlgﬁeni% ﬁ%% ©g. fop
1¥ornelgrhasis clete Whiglhm®r S eNgs eIt the fabricated integral
capacitor(s) will function as either as high frequency or mid frequency

decoulengrhEhgq@mgrr}tcgpc% for the power distribution network of the embedded

capacifor structure 100 comprises disfributed capacitance elements. This
topology mav allow embedded capacitors to be individually taiiored to meet

20 sysiem performance requirements.

Figure 2 shows a schematic cross sectional view of another embedded
capacitor structure 200 according {0 a second exampile embodiment. in this
example embodiment, the embedded capacitors e.g. 202, 204 are placed under

25 a discrete capacitor 206, Otherwise, the structure 260 is the same as the
structure 100 described above with reference to Figure 1. It will be appreciaied
by the person skilied in the art that discrete capacitors e.g. 206 may be used to
provide bulk capacitance for mid frequency power decoupling.

30 in existing technigues, discrete capacitors of different capacitance vaiues
are placed closely to suppress resonances due o self-resonances of individual
capacitors, to extend the operating bandwidth of the resulling structure. Ulilising
a muitiple or muliitude of capacitors in this example embodiment, a broadband
power decoupling network can be provided with the discrete capacitor e.g. 208
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15 interconnected to mid frequency and low frequency discrete capacitors
whilst the latter can be used with high frequency on-chip capacitors and
low frequency discrete capacitors. In either case, broadband power

Waeotipigtis provided immediately. 20 Figure 3a shows a BER&SHazee/ 000076
cross sectional view of an embedded capacitor structure 300 according to
a third example embodiment. In this eekample embodiment, a number of

embedded capacitors e % 302 33)2& re int%?rated \A%h 2 di§crete active it
contBoNSntte T8RN SPARTE SO SERGTH Fumbt f empeddey capacttor
discryrassipacitopshigyegoBy ThrsanapisiedeArrasiREneXs 7R ethe example
partigylsdirssited 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

&apacitors/mbysd pueTodatER ira epBEatRHENRBLEN DS thekdipdciy tBe art,
300wdithdhesalewithradifferenionandiactusing prosessestarddsatikedy bulk
t f ' t ing, tQ diff t

o TERMIBEH T BE e (AR S ULES S AR o

marsiffeR¥afing Mo id NGISTERIVRNTY STeFeHEENS Fag e dpipoented either on-
SUBSIPI THHE SHEE DYREHE 2@RYVEr 20086004460 RETHRG 20008800 legral
In Ei pattern for b C . , 404, i e
Ao Shod It SO0 g e i B R IRIIETCEs e
e.q.fRIS2IRSH 1NHECANCBBATIAES 0P hITRIETBE NIt 1BS nfetH) rofisa discrets
alreadya@ietamifatetulin teecliplegiric 46&iamenteal torhgrisercombes idiscrete

the examals 5 ﬁ{nh@qmsnﬁaﬁhﬁl@%@g&%%&ﬁ%,céeécﬁ&@smub@mﬁon as

patterned through etching of the copper layer. The laminate_408 can

oIS G BR. FeTRE T S A A G g UTfimer can be
1hasédaraeniziad\xini Highucmmatenl irw degpsiey ssprifencissitors whilst

coating i HRhaT kKBQWEHIesASYIEsQIoRBY diglesiieapacitors and fow frequency

discrete capacitors. In either case, broadband power decoupling is provided

immediately.

20 Figure 32 shows a schematic cross sectional view of an embedded
capaciior structure 300 according to a third example embodiment. |n this
exampie embodiment, a number of embedded capacitors e.g. 302, 304 are
integrated with a discreie aclive component in the form of an IC 308, and with a
number of embedded discreie capacitors e.g. 308. ‘This axample embodiment

25 may be particulatly suited for low profile discrete capacitors. Otherwise, the
structure 300 is the same as the structure 100 described above with referance
to Figure 1. In different embodimentis, one or more discrete capacifors may be
provided at different locations throughout the structure 300.

30 in the following, different manufaciuring processes are described o
manufaciure embedded capaciior structures according to different embodiments
of the present invention. A firsi example corganic manufacturing flow is
described with reference {o Figures 4 10 8.
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layer segments e.g. 502, 504 for the embedded capacitors to be formed,

as 10 illustrated in Figure 5. The high K material can comprise of ceramic

filled polymer such as Barium Titanate composite paste that can be spin
wooatedwregcreen printed and cured at temperature below absGUEQBBE 00070

achieving compatibility with organic substrates in the example

embodiment. The ceramic fillers are @sed to increase the dielectric

constant of the paste in the example 15 embodiment. Next, illustrated in

Figure 6, tieFigpreldctraeritm for0aiien e totasee by Brirtlify, 4firs formed

foa@im@a %Qﬁ@fsth !eaéawadmb ei%@??ﬁw@ ?&Eﬁi@!@l fayels peorOdisuedhane.g.

ami teg the top and bottom of, the double-sided lamjnate 408,

Ao e R Th i tiiofta [Sl2 o, Fos 1o alb already

compeiesbtaied: arctrptdipfritiad 08T amR Mgy cepisey CanrEsGalie example
shasgshrpaterals. Ph=Wilkcirfeseneg tosBguesd, hrougimhble paseaR@, through

902 are.then drill sin E ni tw il | il L imited

o A e TA hC RS G5 PR B B0 pot mie

forniPRTdEi e @eRTARAY SHAMNBABIRS BT ATERIPIAT B2 Hghrgnaterial is
ceramiogkdCr) teiching) egynmaatdgcturstgeflemcinratzotidgesainftem dislectric

embadiment will now besdeserbed with referengedo-fHguies 18 1 1fhmed, as
SUBSTITUTE SHE B%RULE 26) WO 2006/101460

10pC 3RS /000876 6 WestARd TR 16 ViSRRI, b3 armie Mied
drilledigmdrfitlechima Reramitisuastratent@sis Agstttdimfgabotompin coated or

eleclradss &6n12806nL008 8k JormrRePiRENNgowPIRRRANNGI AT Ohdiieving

known tecttg]é, ues, 5 Next, an a%s iIIusIra,[ﬁzd in Fi l]Jre 11, %.high K . .

mat&raP’ge ogﬂi@dotrgafg?rﬁt‘f %"SFSFeE}nc?a?/%ar”e%’e‘?n%%‘ sge!@. ’fiog T1647™°

for thilesnsvsediied dapnoiesss the dielectric constant of the paste in the example
15 embodiment

Next, iflustrated in Figure 8, the top electrodes e.g. 602, 804 are formed
by printing, spin coating, or other known techniques.

20 Additional layers 700, 702 are then laminated fo the top and botiom of
the double-sided laminate 408, as illustrated in Figures 7 and 8. The additional
layers 700, 702 can comprise of, but are not limited 1o, BT, FR4, glass-epoxy
and organic based materials.

25 With reference to Figure 9, through-hole vias 800, 9062 are then drilled
using mechanical drilling, laser driling, or other known technigues. The
through-hole vias 900, 802 are than piated to form the desired elecirical

connections.
30 A low temperature cofired ceramic (LTCC) technoiogy manufacturing

flow in ancther example embodimeni will now be described with reference to
Figures 10 io 14.
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structure to be formed. The high K material may be a ceramic based paste
that can be screen printed and cured by sintering at temperatures greater
than about 800C. The dielectric layer elements e.g. 1102, 1104 may be

Wélelhoaittiddy 10 printing, spin coating, or other known techRiGUES2N&Rei07¢
top electrodes e.g. 1202, 1204 are formed as illustrated in Figure 12. The
top electrodes e.g. 1202, 1204 are forined by printing, spin coating or

other kno chnl . An a itional 1300

Iamlnated 5‘5&%% @e ARt gbs\ﬂ%st l@@% ﬁu%{?afgrgl?g Iﬁgﬁ ied in a
13 sacaods r%étﬂtrﬁ@uﬁ @mmmmrgﬁstMrmt@Q%@ qhE006, 1008 are
addiganak [ape el 369 caarpeMPIiRepkinil/siRaRlFDEed to, ceramic

and glass-ceramic materials. Multiple tapes may be 20 laminated together
mechanically at room temperature, followed by iso-static pressure applied

Sat temperdigté FtoafodubTeies DUTiRg e is@ dtidit Hanaimiimrispfsaesged o
the fapestareiseaied inpwatarpiasfhgg indhe exaniplanhenshagitient capacitor
withgafer ?&?&@Q&F&%&g’ﬁ@ﬁ’ﬁh V@%ﬁ@ﬁe} %f lt?éOQ ot %Sbé{é%d pasfe that

portions 1302 On each tape layer, me anlca punching Is ap

in 25%8%%%%?&8%%&%&&{%‘% @ﬁééﬁf&%fé’fﬁ@éltﬁma‘%r%‘fé?fcﬁ‘ﬁﬁfﬁ ?Ea“ about
thersew tohéilldistshblesatiberelyfentairgthe filsd Mias. indheexdspplsted by

memla%mgr% oHROREHR RATHERS Llién 3RigIR A0t required to be "bent
over the €electrode structures 1202, 1204 during the 30 laminating step.
Rather, it is the tape layer 1300 material which embeds the electrode

structures N2X2 idp eleainedendesy d&€62hd 2l ess dpyrdefoan dtisiraigterebygure
redyeingraadqy feralli-aveiging siefepmaton f1-sikainPRihendaspartieatng or

1302, 1304. T'hg via ?ﬁortlons 1302, 1304 are aligned with via portions
SUBEFTOTE RULE 26) WO 2006/101460 PCT/SG2006/000070
159

An additional fape layer 1300 is than laminaled on top of the ceramic
substrate 1004 as iiustrated in Figures 13 and 14, resulting in a iaminated
substrate structure 1400, The additional tape layer 1300 can comprise of, but is
not limiied fo, ceramic and glass-ceramic materials. Mulliple tapes may be

20 laminated together mechanically at room temperature, foliowad by iso-stafic
pressure applied at temperaiure up io about 80 C. During the iso-static
lamination process, the tapes are sealed in a waterproof 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

25 the example embodimeni to create vertical holes. Siencil filiing is then used fo
fil the holes, thereby forming the filled vias.

in the example embodimeni, those via porfions 1302, 1304 are not

required 0 be "bent" over the electrode structures 1202, 1204 during the

3¢ laminating step. Rather, i is the tape layer 1300 material which embeds the
glectrode structures 1202, 1204 and undergoes the necessary deformation,
thersby 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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1306, 1308 respectively formed in the ceramic substrate 1004, the
alignment being further facilitated through the capture pads e.g. 1310. It
will be appreciated by the person skilled in the art that in the above 5

WeReIE Htanufacturing flows described with reference to FRfUF&$2066/ 44070

multi- layered structures may be formed by repeating/adding
corresponding multi- layered processifng steps. Embodiments of the

DreS@Efalanﬂé'%%&ﬂggWSﬂ% mogr Oée?%rﬂ it 6Egaets QLS pel gnment

techniques, including for éxamp Compa existing pfinted
C|rcaf‘?‘B%é‘r'ﬁ}l‘?fé%ﬁ*Egﬁf(‘i’i%gﬁ\%ﬁﬁﬁfﬁ@aﬂ%@@ss@ anludlng

high-volume and low cost solutions. 15 - Blind/buried vias are not

required. -Pgiepualysnpeeddeliabiliy and MIQOE in tlj@ Qr?qh%l?}ﬁ the above

inte ratlo of emhedded ¢ %gacnors rOV|d|ng esign freedom. -
n

mproval BonAT HRR RN B RS HARR Ve ﬁ@%&pg:d@lé@%f" ¥p 14, muiti-
opelgitishcantiuriur®idtay - hMinansativ nreb edtifseaipipre ciateespyraiing  multi-
persa:aidliaddadbiepsidBat numerous variations and/or modifications

may be made to the present invention as shown in the specific 25
embodiments without departing from the spirit or scope of the invention as
broadly de=ERBedNaHE ppéshist arssiimemedns thereforeviteb@ number of

10consitleredgasalieespesiagtedamilusiativeang rRotdeskiative. For

15

example, it will be appreciated that the shape, layout and dimensions 30
of the electrode layers may vary in different embodiments to suit particular

requirements oPRRAVEHRE kY gl fuirsedusitaule PeafildfcBheand LTCC

shape, layoutandiditeingiopingaisthe pasiatpggregnd/plane maial jow cost
layers, and the,gapiure pads/anti-pads may vary in different embodiments

to suit reqUIrements
Blind/buried vias are not required.

- Potentially improved reliability and yield.
- "Plug and play" integration of embedded capacitors, providing design
freedom.

- improved power decoupling performance, enhancing the speed of

20 operafion and bandwidth.

- Miniaturisafion.

it will be appreciated by a person skilied in the art that numerous variations
and/or modifications may be made to the present invention as shown in the specific

25  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 illusirative and not restrictive.

For example, it will be appreciated that the shape, layout and dimensions

30  of the eleclrode 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 struciure.

35
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substrate structure comprising a main body; 5 at least one embedded

capacitor structure formed in the main body; at least one power or ground

plane formed in the main body; and at led8t one via electrical connection

formed ¢ flgdnain body, each via connection connected to one of the

power or ground planes; wherein the embedded capacitor structure

comprises afirst electrode 10 formed. integrally with one of the power or

ground plane$, andfesiibatiag stiestredensnbiigy substrate structure as

claimed in clajm,di, ytiyer comprising at least one discrete component

mognted on a surface of the main body. 15 3. The substrate structure as

claitmed in cldh®35\ & RRPRTISH SERABI U SIS P ERA i thesmaaimbody;
“capacitor or Fbisa chigerewbstragm st otewe asnebeiindit imatabngy2=013,

wherein at 2@rlpast ane af e glesHicasomaglionsis (Aunasbay. each via

: substantiall.g nderneaé? e discrzée component. 5. The substrate
onn =1

on o BIRUSLOLOTRAKE FARSSY the via

t
structure as € aln?e_‘anin caim 2 ,ew(ﬁ _
“electrical corieeirshdile crhnsised tarrsitit sl RBuRtarmppiRctiafirtd tesiode

distreteansapmteibiil. witte: SHPSHatReS HoRH @A RIANNGHINL8NY AN Ofoating
claims Ji 9 Bue. ‘ -

2. The substraie structure as claimed in claim ‘%, further comprising
‘at least one discrete component mounted on a surface of the main body.
15
3. The subsirate structure as claimed in claim 2, wherein the discrete
component comprises an 1C, a capacitor or both.

4, The substrate structure as claimed in claims 2 or 3, wherein at
20  ieasi one of the via electrical connections is formed substantially undemeath the
discrete component.

5, The substrate structure as claimed in claim 4, wherein said at
ieast cne of the via electrical connections is connected fo 2 soldsr
25  interconnection to the discrete component.

g. The substrate structure as claimed in any one of claims 1 to 5,
wherein the first electrode formed integrally with one of the power or ground
planes is formed as a branche of one of the viz elecirical conneciions,

30
7. The subsfrate structure as claimed in claim 8, wherein the first
electrode comprises at least a portion of a capture pad of anofher via electrical
connection, wheréby the embedded capacitor struciure comprises a series
connection of two capaciior elements.
35 '
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wherein the first electrode formed integrally with one of the power or
ground planes is formed as a branche of one of the via electrical
connections. 30 7. The substrate structure as claimed in claim 6, wherein
the first electrode comprises at least a portion of a capture pad of another
via electrical connection, whereby the embedded capacitor structure
comprises a series connection of two capacitor elements. 35 Amended
Sheet JPEAJAU 11 §UBHErlR BEHAIE S AR AAIO S RISIES HotAMEE Br
te whetaiddée ermapedded sapatoites stuctitesiade formeetsyaiimetricalhtior
PRt SYIMPR|AReRdt eaRelnRISapeRtRR Bindtinats
onnections. 9. The substrate structure as claimed in any one of claims 1
to 8, further comprising at least one discrete capacitor embedded in the
main body. 10. The substrate structure as claimed in any one of claims 1
to 9, wherein the SECoRPEIRE SHETE £5HUMEE BIBLK CaPIrfattion 1B
Sterthar etestrisalgraninestions disactienspsdiighefrégaendyirdibecuplerisodyl.
The substrate structure as claimed in claim 10, wherein the second
electrode free from direct electrical connection to the via electrical
connecti®ns providBRECRABHHAS BN aS FABIRSHE 98 PR RWer! T
planergiavity effesid e Jhrisyhsiraterstinstu eagictaismemhdatrnytonreofia
?Ia%ms to 11, wh reirgeach CﬁP%C%fé’é séa%é:lt re co gises at least one
e t '

eecirical. o nnections TURCTICNS a8 eCou
GFTe ec rlcqayer ?orme etween e ﬁo ting electrodes;

wherein the dielectric layer is formed from a different material than a core

dielectrigimaterial formed-andhesPoniesaRindirreirtagraliydeimead
with t e{irst eAecyode . . . . X

second electrode free from direct electricat connection to the via electrical
connections provides damping te suppress resonances due to a power plane

cavity effect.

12. The substrate structure as ciaimed in any one of claims 1 to
11, wherein each capacitor struciure comprises at least one dielectric layer
formed between the first and the floating electrodes; wherein the dislectric layer
is formed from a different material than a core dielectric material formed on the

power or ground plane integrally formed with the first electrode.

13. The substrate structure as ciaimed in any one of claims 1 to
12, wherein a low-frequency power decoupling is provided by the power and
ground planes, and a mid-frequency or a high frequency power decoupling is

provided by the embedded capacitor structures.

14. The substrate structure as claimed in claim 13, wherein the
mid frequency power decoupling is provided by the capacitor struture, and the
high frequency power decoupling is provided by on-chip capacitors.

15, A method of manufacturing a substrate structure, the
method comprising:
forming at least one embedded capacitor struciure in a main body of the

subsirate structure:



13. The substrate structure as claimed in any one of claimsito 12,
wherein a low-frequency power decoupling is provided by the power and
ground planes, and a mid-frequency or a high frequency power
decoupling is provided by the embedded capacitor structures. 14. The
substrate structure as claimed in clagn 13, wherein the mid frequency
power decoupling is provided by the capacitor struture, and the high
frequency power decoupling is provided by on-chip capacitors. 15. A
method g MANUIACLIBA SRS LAIE SHCRE R BIRAGAIBHSMO:

- forming at leaSt one embedded capacitor structure in a main bgdy of the
Substratiershingtutdeds? doemingeddaast eoamatier af grouna pless irethe
main hadsiand, anina atieast pne iaslsclieahgopnection in the main
body, each via connection connected to one of the power or ground
planes; whetsin the capagiter strusiee compiisss & first electrode formed
[ ith one wer round planes, a floating electrode.
PR e L TR oA AR ek
PCB processing steps, LTCC processing steps, or both.

16. The method as claimed in claim 15, wherein the method
comprises PCB processing steps, LTCC processing steps, or both.



