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| OF | NVENTI ON The present invention relat
“@r’gﬁwsh a substrate structure and net hodPF'S/ISGﬂ""”""o“zz’8

wi deband power decoupling. BACKGROUND A typical

power distribution network for power decoupling in
electronic appliances and systems conprises of three
core power decoupling conmponents: |ow frequency bul k

md frequency decouplin )
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frequency decou nplenented ei t her
on-chi p (but %%Eﬁngﬁ@i‘?ieméor as enbedded
capacitor(s). The md frequency decoupling is
' i pl ement ed as enbedded capacitor(s) or in
HEtﬁgﬁ§$%¢¥ggﬁgdiscrete capacitor(s). The | ow frequency
bul k decoupling is typically inplenmented in the form
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been
W'd%qalnfi@?‘ﬁ?ré?oﬁh'ﬂ“ﬁgenbedded capacitors for power
decoupling in electronic appliances and systens.
Aak@ ﬁ@pventlonal approaches have |imtations,
1 NC u |ng i) Integration with power distri butlon
net wor ks not being optimsed for performnce such as
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formsa% {sprgtqa capacrtor(s) The low frequency bulk decouplmg is typically

implemented in the form of discrete capacitor(s).

Different techniques have been proposed for the implementation of
substrate structures with embedded capacitors for power decoupling in electronic
appliances and systems. These conventional approaches have limitations, including:

)] Integration with power distribution networks ﬁot being optimised for
performance such as decoupling bandwidth,
ii) ~ The lack of consideration of integration with discrete passive and active
components,

1)} Limitations on manufacturing to specific process technologies,
iv) Non-optimal space utilization.

It is therefore desirable to provide a method and substrate structure for wideband
power decoupling that overcomes or ameliorates one or more of the above mentioned



structure. SUWARY |In accordance with a first aspect

of the present invention there is provided a

substrate structure for w deband power decoupling

conpri sing one or nore enbedded capacitors each

conprising a ferroelectric material; wherein a

rel axation frequency of thesferroelectric material

is chosen such that a self-resonance frequency of the

one or nore capacitors is increased conpared to a

plmitadionet it isdurtiegreiessdble toparovide a. mdtaarhofdapang suwnh aspstrate
strucedpri se an ultra-thin filmof the ferroelectric

material of a thickness of |ess than about 1 pm

Properties of the respective ferroelectric materials
SUMMaRYbe sel ected such that said respective

ferroelectric materials exhibit desired relaxation
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comp¥i3h S APRRcHC PaeRligBRlgioANd Pover distribution. The

substrate structure na urther conpri se one or nore

di screte capacitors. The substrate structure nay
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of nmore I nterconn respective ac

thickngew ptless than@bout tumn.e electrodes of t he capacitors nay

be electrically connected to a power plane of the

substrate structure. 3 One or nore el ectrodes of the

Gapmiuémﬁthms;b@neé egideletaicl Mat@ﬁﬂ@ efdyete tsgleateg rsaign ﬁhat said

tru accordance wit
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provi ded a substrate structure for w deband power

FREPUEvENELRRIIGS! Hb{ %a8R CcdMpriEBI hee BP#fG8 Celectrodes of resistive

capaC|tors each conprising: a ground el ectrode; a

ﬂomer el ectrode; and a ferroelectric material |ayer

bet ween the ground and power el ectrodes; wherein a

%E%&Eheﬂg off El?qulggﬁé(de%f may be selected such that the substrate structure

exhibits a desired power decoupling resonance damping property.

The substrate structure may further comprise multi-layer interconnects for signal
and power distribution.

The substrate structure may further comprise one or more discrete capacitors.

The substrate structure may further comprise one or more active devices and one or
more interconnects to the respective active devices.

One or more electrodes of the capacitors may be electrically connected to a power
plane of the substrate structure.



the ferroelectric material is chosen such that a
sel f-resonance frequency of the one or nore
capacitors is increased conpared to a paraelectric
mat eri al capacitor. In accordance with a third aspect
of the present invention there is provided a nethod
of formng a substrate strudture for w deband power
decoupl i ng, the nethod conpr|S|ng form ng one or
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sel ected such that said respective ferroelectric

materials exhibit desired rel axation frequencies.
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distribution. The nethod g further conprise

capacitgrsjs infreR§ed ARRMBRrerhiR @ Paras én%ta%éam@rter as part of
the substrate structure. The ferroelectric nmateri al
may be deposited utilising hydrothermal synthesis. 4
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Respective capacitors may be each formed with one or more resistive material
electrodes.

Materials of the electrodes may be selected such that the substrate structure exhibits
a desired power decoupling frequency damping property.

The method may further comprise forming multi-layer interconnects of the substrate
structure for signal and power distribution.

The method may further comprise providing one or more discrete capacitors as part
of the substrate structure.

The ferroelectric material may be deposited utilising hydrothermal synthesis.



The processing step may conprise post deposition

pl asma processing, thick- film processing, or both.
In accordance with a fourth aspect of the present
invention there is provided a nethod of formng a
substrate structure for wdeband power decoupling,
the nmethod conprising: formng a first el ectrode;
formng a ferroelectric material |layer on the first
el ecldcsis opid cfaSédﬁb&%@ st @lisRd thitt@mPPodeBses.
ferroelectric layer; wherein the first el ectrode,
the second el ectrode and the ferroelectric materi al
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Embodiments of the invention will be better undersiood 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 shows plots of impedance versus frequency, illustrating a
performance comparison of conventional capacitors and capacitors according to
embodiments of the present invention.

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



Enbodi nents of the invention described herein provide
a substrate structure for w deband power decoupli ng
using ultra-thin ferroelectric capacitor dielectric
WREIEI33s.  As will be appreciated by thosePSRFGAO025S
in the art, the power distribution inpedance, Z, for
power decoupling in electronic appliances and systens
is defined by the equation Z = Cl o (1) where Co is
the nomnal dielectric cdnstant and co is the
f r EguertshowEgoaguiyale(tgircitisfor howentdonal pewsr degbimlingit
| ow frequenci es bel ow sel f-resonance. The
seEf-rqio ant fregyenay_in_conventional gomer X
di SPHEELETYNT 85 SOvglen) eirculb doraRaviss idereuplipg Reepripe do an
examnple enfbodiqeahafiths bbb iva@ptai.t ors, i s determ ned by
the parasitic inductance. The self-resonant
frequency wo is defined by the equation: (2) coo =
FAOgrewh elf e | Schematie Hsosst peationalevinWntihal spkatatd sirecture
accrtliflyl &t BG@mpld erhBodifMBRYdf BRIprésenbPiéntiohat t he
effective parasitic inductance val ue cannot be
infinitely small but would typically be in the order
of Figure &t ehowsha flowOthapgHiusThdre s onathodh o BbACATNE GROBBTate
strudterd imsetORBHADRHRT &n efarfiBR BFibb et dhind@pfcbAtihvgtidn,
hi gher capaci tance value reduces | ow fTrequency
i npedance but also results in a | ower self-resonant
DETRAIIEUBBESQRIPT®ONCONvent i onal approach is to use a
| ar ge nunber of capacitors each having a small
capaci tance value to increase the self- resonant
o f rgthwtwm%mve@@u desngbedkerein foenyide\aesybstiate sunture for
widebl@tCfowef 8EM6RPRAPRAMg uIFEHiIDRFoL¥RHS BhdabittSRelBetti@hSErials.
nunber of capacitors. In a ferroelectric material,
the dielectric constant typically changes
sigmmilli bardppyecited bhethose! abditddi intHer equeRc yowal disthbution

_ : : 3 . ;
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the egugliph hut ed t o pi ezoel ectric resonance of grains and
domaing, inertia to domain wall nmovenent, and the

en¥9§ﬁw of GHz shear waves fromferroel astic débain
wal | s? e dielectric constant for a ferroelectric

Mafhefd @) is ¥R mofindl AYRERESLsRRORRIS k ¥dtdglency.

Equation (1} is, however, only valid at low frequencies below self-resonance. The
self-resonant frequency in conventional power distribution systems with paraelectric
capacitors, i.e. frequency stable capacitors, is determined by the parasitic inductance.
The self-resonant frequency wy, Is defined by the equation:

1

X (2)

&,y =

where L, is the effective nominal parasitic inductance.

It is important o note that the effective parasitic inductance value cannot be
infinitely small but would typically be in the order of greater than 100 pH. Therefore, a



to frequency co during the rel axation phase,

resulting in a varying capacitance C. An exanpl e of

a first-order approximtion during relaxation is

Wgi20E3W§1 t he foll owi ng equation: C =C, vaP¢HSG¢p6/000258

frequency w > o (3) CO The resultant self-resonant

frequency w,n$ is actually increased, as defined in

the followi ng equation; CO =w w (4) W when the

rel axation frequency is Bel ow t he ot herwi se noni nal
capagitdrivith @asdaiaaly hlghareqnwitﬂrrye vaine eedacasl lew bbquehey impedance but
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resohdi® fréylichdyCqbiRh GydeRY AhE t eiRCEvd hdakiBhde. Hdnbe, conventional
ic in out 500 pH and equi val ent

- desigiigg p“fat“ﬁc%e I§rg§6'8[1}§er°f8pa\?\$?rﬁ a conventi onal

capacitor (curve 100) e.g. where the capacitance is
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due to parasitic inductance is about
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gratn%z%?ngrdgh‘n%s r{‘&llpgostg)el ar{wzgpmovepmen%f Cﬁﬁe eﬂ'IIS %bﬁz shear
waveglhiom fegoasBligigmairowalishe sanme | ow frequency
capacitances. It is also possible WO 2007/030081
PCI/ SG2006/ 000258 7 to use a nuch | ar capaci t ance
of h&b‘%?c“?? ggnsigntifor i pleftEe Material uayles q‘i"&'r‘seb’lp“ipé’ﬂ'rov@y
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equatipniustrat e the concept of extending the power
decoucgld ng bandw dt h accordi ng to enbodi nents of
t h& =pr'eSentlid fonfreqieheyw >lan t he exanpl e enbodi neny3),
the rePaxation frequency is controlled to achieve
pmrre&!ﬂt%htr sdiLibddPRnitRRjue vaBJBJ 131 26RlalP heRidséD 2k Idelihdd @
the raln/ article size of the ferroelectric
® ‘f‘"@ Pd¥a%ed as a dielectric. In the case of
hydro_t_ahjefagral synthesis, the

res Y0

@,
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when the relaxation frequency is below the otherwise nominal self-resonant

frequency.

An example of the performance comparison of conventional capacitors and
ferroelectric capacitors in example embodiments of the invention is shown in Fig. 1. In
this example, the low frequency capacitance is about 1 nF, parasitic inductance is
about 500 pH and equivalent resistance is about 1 Q. With a conventional capacitor
{curve 100) e.g. where the capacitance is relatively unchanged, the self-resonant
frequency due to parasitic inductance is about 0.23 GHz. With the ferroelectric capacitor |
(ourve 102) where the relaxation frequency is about 0.1 GHz and varies
according to the relationship defined in equation (4), the self-resonant frequency is
increased o about 0.53 GHz for the same low frequency capacitances. It is also possible
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grain/particle size can e.g. be controlled through

process or synthesis tenperature and applied

pressure. In the case of matrix conposite materials,
WORBMTYIASIN/ particle size of powders prior tBC'ﬁ*'ﬁﬁ?qq@%“ZSS

or binding can e.g. be controlled through conpaction

techniques. Fig. 2 illustrates an exanpl e enbodi nent

of an application where ap ultra-thin capacitor 200

i S fabrlcated using a ferroelectric dielectri

to Y3 Aol largrrcRRRCliICE ob el el ferpselselds §?W@t°r i {curve 104)
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t he exanpl e enbodi nent. The ground el ectrode is
formed on the ground plane 205. Details of the
f abligi @diustriepap example fembledimenb sf amapplisation ohereear Olfra-thin
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in ths%mag %%o@haﬁuwé Qhd segeé;aat.g kg BRYR! rﬁﬁr?dOHQAé 3.

power decou acco
ta&mf&w Tabrigation pr@%s of 8@&#?“%%%207 fﬂt@yﬁedm Kigyrg 2 are
deschfad{epil880081 PCT/ SG2006/ 000258 8 In the
conventional circuit 300, the resistance (Ro),
i nductance (Lo) and capacitance (Co) values are
r elf shaulddieynotesitbatdm Figutehatthe mfer¢dnesation betweer thedopeor power

electtodb 204 LRRL b¥wer plane 203 has been omitted for clarity. It will be appreciated
by the person skilled in the art that this interconnection may be effected by numerous
known design techniques, including via-interconnections through the PCB 208. For
example, ground vias 211 are formed for ground interconnection of surface mounted
devices (not shown) to the ground plane 205.

Figures 3 and 4 show equivalent circuits for conventional power decoupling and
power decoupling according to an example embodiment of the present invention,
respeciively.



designed to be constant wth respect to frequency.
The bandwi dt h -of a power decoupling <circuit is
typically limted by the self resonant frequency of
WORBTHWBY decoupling circuit in accor danceP@l/f¢R006/000258
equation (2) In the circuit 400 according to the
exanpl e enbodi nent, both the resistance (RI) and
capaci tance (d) val ues a e vari able. The R val ue
can be chosen to provide power decoupling resonance
danmpi ng. This danping can help to suppress the
| MpedRnesnviRRkal BRURI $0008nd ! rebiftindeC Bil)t ARfictI ML g{ag Nehd
mi%ﬁgse.cgy Eﬁln% fetr?electrl Qjelectrlc materi al §,
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accoptignpe Wiereatien @pl e enbodi nent of Figure 2, the
substrate structure 207 for power decoupling is

desi fabricated using hydrothe [ | ,
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Al ternatively, a titaniumfoil may, for exanple, be

| am nated onto the PCB 208. The hydr ot her nal

syt siamnphy embedimentpihe ab$onankkenuancyacanebus be extended to

impr&ve thveestindwiRiH of tePoweP@dcoliRgich@lil Y reacts with the

titaniumcoating to formcrystalline barium titanate
films. An exanple of the aqueous solution is Ba(OH) 2.
WRdturningp now ddl thech@amipadmbioiansrit N FigareQ2, thy subRE4te aeudigre

i t re,.. cursor .sel ection. or
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and mlﬂtﬁ-ﬁger%ighﬁﬂa?@%b%@r diirfpRtISMAERbARKCER|  synt hesi s
process, the hydrothernmal film 202 can be grown to
forman ultrathin capacitor filmlayer 202. To ensure
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_ | cation . i Lt vieal |y 00C wi th,
o SR8 R M e o
may, [Egxample. bhlaminatehenio e G 20& preval ent in the
hydr ot hermal | y

The hydrothermal synthesis process typically uses an aqueous or solvent
solution that chemically reacts with the fitanium coating to form crystalline barium
titanate films. An example of the aqueous solution is Ba(OH), With improved
chemical reaction, e.g. by increasing the processing temperature, precursor selection
or microwave assisted techniques, the film densification can be improved along with

reduced grain size.

By using a selective area hydrothermal synthesis process, the hydrothermal film
202 can be grown to form an ultrathin capacitor fiim layer 202. To ensure low



synt hesi zed dielectric film202. Typically, the seed

| ayer (not shown) for the top or power el ectrode 204

is sputtered and, due to the thin-film 202 porosity,

WORET048br power el ectrode 204 may be shor PEHSEWO4/19a258

ground pl ane 210. Enbodi nents of the present

i nvention avoid such shorting as a result of using

the hydrothermally synt hegsi zed dielectric film 202

that exhibits thin-film™orosity. In a first exanple
temperaitgdfabrication epmeatibiiyviaricadly delowode’ Q @dthian idegrersly toeghnic
matéHal édifposilbrth; HeesBbs, fﬂ‘lirll-ﬁh%sﬁf isBevialtinE i-thé hﬁi]rothermal!y

echni gpes, .including, but not Timted to, printing,
SV“%‘%?%QQH%@C@P@'F" g%ce thick-filmtechni ques such as
printing involve the deposition of |arger sized
pas: ' t r t e
D CELF e RO Kh0 (B shdi) BPIHR" 1B W hory RREGEC 0
spuigaredand; fiyg todhe Bumliipe203perogiiy the iep 8 Bpwergiectredec20danayiy
shoredN@Itee gfoQRd plang 2A6.C 1 ErfliodfidnttCoiUne plddent inléhitid @vedd such

hjck-fil.mtechni qu al sp enabl.e he_ use -
st el 8 P PR PR o m e et Bn e e
thin-gimepodisitt er ent from t hose used to form the ground

pl ane 210, i.e. materials that are different from

natﬁ’# | s which Prrfgy be deposited usi nz%#t_hi n-film
£ clBFHIrgsXamPle Mathest 4YE-49B 106 PRBRIPHERE 2Ot dormstiorben the
hydmoiigrmad fileo20 hading thidkbitm tstnigiies, asiugingyiat ebeibiied €€ printing,
P rdi chi S] . f, ui.val
ietrBEbE S InbRARE OIS si6i°d BNE WG e, P Flroer
sized parficiese sharting olihie dep augowestelrstrodes20hend tgudrownd [fiane 210
due ® tBe p&Mﬁifya&Qhé' TE 1O cfaﬁ_r!:%t zﬁ/ﬁfdﬁ&' R izbfion Tdt”'brﬁ?tin a more
rogch na mai nt ai, e requirepent Q ow
robu B AGE sieigs Bt dag s il inttiop SIa mpeiien (o sse of
materipls tiderdm thentdpar poweudsirsdecd04dsat ateudifenart flomthdse disédtp form
WAt L 0g. o qur N o ' .
tho @l 210, Ul el 38R HoA rterls i ey be
depastiedcysingethiraim( tepipiguss 2 thi examle embogdirant sThgmeaisthod may
also gﬁﬁltﬂéqg@tﬁﬁét(ﬂ _,retﬁsfﬂle Qé@ﬁ)@ét rha¥ Rl t&@%ie\@gﬁv%ﬂésl | ired value of
disfributian interconnects, e.q,.sSo|der ba )
cqufichl e eSan® SHERR S ind Gl Sifacgnire. wiehy ma
othemuisei becregigireidder .9. $urtacé orommiefl discrakeresiByrs.cThls apgpodagh may
{ eamonnect i . = I c y
aloo itiafi> 12 FeduREmont LA lof' @ibaltns 10elng fiin®08Hd tow
tempgraiyr-thigh-Ein tgphnjgugs Behcispsthaet iméedivppintigo-accor di ng t o
an exanpl e enbodi nent. At step 600, a first
electrade is forned. .At step 602, ferr ect.ri
T 3y 2! BRGR10% oF o SUBET PR GO b e o
substrate stucture 200 (Figure 2) with multi-ayer signal interconnects, e.g. signal layer
502, power distribution interconnects, e.g. solder ball connections 506, 508, as well as
interconnects o an active device in the form of an IC 510, e.g. solder ball connections
512,

Figure 6 shows a flow chart illustrating a method of forming a substrate
structure for wideband power decoupling according to an example-embodiment. At -
step 600, a first electrode is formed. At step 602, a ferroelectric material layer is
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10 formed on the first electrode. At step 604, a
second el ectrode is forned on the ferroelectric
mat erial | ayer wherein the first electrode, the

WOaeH 930081 ect rode and the ferroelectric natREE¥F2006/000258

| ayer form an enbedded capacitor in the substrate
structure. Advantages of exanpl e enbodi nents
described herein before gver existing techniques and
desi gns may include: U i0% zation of ferroelectric
formeagra tteeiirsistlecisodeo Ak xtepn@D4, he sepped alldotrgdd dn twindd fon tie
ferrd&iéaic rﬁ?(gl%l'ﬁg bpgvhe tPiR Vf?ﬁeéi'édtrjohé dhd 8Lkl electrode and the

contro Pl axat| on uenc OWI npedance i s
ferragigctiicanaiadn! el foum Ap éﬁiﬁ’éﬁ‘éﬂe%apﬂﬁ' or gy the éa*eféraf?gstmcture
effective inductance at higher frequencies Hi gher

se resonant freque t ti.on wth.danping. . .

el Jé%: Tode °© ex"ﬁ"p eng]bf)x gﬂgeg%gﬁegalbeé%'f]tbemm et %x:stmg
techh'ﬁfﬂeégifléﬂemsm“mma%t uring conpatibility with

exi sti ngRukh Bﬁ@ﬁde%&ic%ﬂat@tﬁt@ﬁ&ﬁ§%%xtea& fﬂéroﬂt\!t%ﬁ’ng bandwidth

manuf act ur | ng y I nproved power decoupling
per f or AR 9RKEPHGed power decoupling system design

fl fX| blhltnprbyed dn{nl?r@wdommme @mmlﬁemgmswst em
i nt egr | ONn a a sSlve eV.
ber appriatpdahs 8 FantAadl o Be Foiutfeer WilsCEBycitg doctve

nuner OWUWamqeathlghﬁrfrewtles nodi fi cati ons may be made
to, t he $ shown in the specific
enbodi ne tsgérvllr)ltrte out cflqpar%sng fromthe spirit or
scbpe dntegrtioniwithalampipg elestrpdoadl y  descri bed. The

pr.esentH,@mkgg{iymggde@rcgpa&t&qﬁt@{,,gg&, to be considered
in all resfgectsto I1lustrative and not

r et ri Manyiacturig @mpat'tf'%mﬂéewna FE8 fRhtigatanarergeseshut

are nOt[mbm%dt[ﬁéhﬁ&mﬁn § Qield hi ck-fil m and | ami nate
pr OCGS?I ng PCT/ S. t a2Qu6/ gr30V258 Recei ved 29 June
mproved rf

2007, power decoupling performance
. Improved power decoupling system design flexibility
. Improved power decoupling system integration with active and passive
devices '

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.

Alternative techniques may include, but are not limited only to, thick-film and
laminate processing.
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11 CLAIMS 1. A substrate structure for w deband

power decoupling conprising one or nore errbeddeg G 2006/000258
capacitors each conprising a ferroelectric mate{{rﬂfSb,edzg‘h“mzu07

wherein a rel axation frequency of the ferroelec
material is chosen such 5 that a self-resonance
frequency of the one or nore capacitors is increased
conpared to a paraelectric nmaterial capacitor. 2. '.
THd-AMBst rate structure as clained in claimi,

‘wherei N eaghsypeRdd Cirdcilie &P WebsRE poWRr %&Juﬁfntgmo&pﬁélw

of the ferroelectric material of a t hi ckness o

| 885 Ot YR CRIETHed crpachors ¢aeh compiisine & fermesfsciic matesiaty s

cl ai- medhdrgin amglaxatien idfquért ofithe Eadetadric ra4teria s, chude et
k

r %fa@eac.t;éiivr@s&ﬁﬂt%c frécg.l%ﬁcsyteﬁ?ﬁeqe %g?g{r :ngCFe %%@ac%rs %i én%reased

el ectrodes of . 1 r
s §PEpaET 10 arapladiicanalasialPBaH®d in claim 3, wherein
the materials of the el ectrodes are sel ected such

that the SheLiAhSSLIMAKICE GRLPI Band (I SHlE sacn

povver decou resona prop ert

s Tﬁ@ag%ﬁmeﬂses §B pifre thin @mesthe |feamnie§n¢ rnatawy 06?1@10@1686 hle

10

15

preeseah BEout 6hedi M5, further conprising nulti-Iayer
interconnects for signal and power distribution. 6.

The substrate structure as clained in any one of the
preced ng Tigbsublstitesirudiure t2h eairoahiorangiang of nie: pnecemir@e

.:dbi§|%ekﬁ‘er£|ﬁ9€s‘bbéﬂ% %apa%nor;! B&nsithplidcPde éw@ Luaef% B

FE ny one of the preceding clains
@ﬁﬁ“%ﬁﬁﬁf ne or nore active devices and one or nnre
i nterconnects to the respective active devices. 30 8.

_The sypst rﬂ;eeségsq,g{gt%h}gm?esag'é}éﬁﬁé th Y5 OUfeRly H2°

|20

- 25

30

precedi n cla rern one or nore el'ec ro es of
t‘ﬁ@teeﬂiaafgh? Blectrogee arg|sglested sugh thpt the&ahﬁérateéaveft@fe exhibits
poudsired bawm defoublirgy rssdasﬁdéahmpﬁg bmpértzyr e.

5. The substrate structure as claimed in any one of the preceding
- -claims, -further comprising muki- Iayer interconnects for signal and power -
distribution.
6. The substrate structure as claimed in any one of the preceding

-claims, further comprising one or more discrete capamtors

7. The substrate sfructure as ¢laimed in any one of the preceding
~claims, further - comprising oné or more acfive devices and one or more
interconnects to the respeciive active devices.

B. The substrate structure as claimed in any one of the preceding
“claims, wherein _' one or more electrodes of the capacitors are electrically
-connected to a power piane of the substrate sfructure. . '

Amended Sheet
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-2007 Received 12 - - 9. The substrate structurf@;ﬁsgzggﬁmwﬁgw

10

15

20

25

30

35

clained in any one of the preceding clains, V\:heﬁgdeﬁ,edzg Junezom

one or nore el ectrodes of the capacitors are
electrically connected to & ground plane of the
substrate structure. 5 10. A substrate structure for
wi deband power decoupling conprising one or nore .
enbedded cHppasibsione straatre asmiimend ingany eng rab diredpreceding
e'c{%ﬁﬂisf leihéi-ema oﬁ@\gﬁfmﬁrleeéieétﬂﬂ% Angk %a%a%ﬁtfr@edr@('étédr%aliy
mat eri al | ayer round and power

e CRUFFEY S m%%gpi&ﬁs&s% YHn frequency of the
ferroelectric material is chosen such - that a

Sel f- r‘@s0n@Qﬁi?strgfe%@iﬂf‘eyfoptv:d'é%d?&ﬁlepﬁecgﬁ’ﬁlﬁg cor nsrﬁg

acitors is increased ared to a paraelectric
mﬁ Piare eabrddeq gapacitogs sagh ﬁ?—,‘f‘ﬂ'{ﬁiﬁ‘g of fornming a
subst reggr@mg eledtaddar € f or wi deband power 15

decoug” R eidddEqdrBhp0d conprising fornming one or nore
8 capacitors in the substrate structure,

wher e |arfef§)§lf’ﬁf“€ Hﬁ?&'?‘t'@f&f Beivpen tBegroundrapg pPeMsTElackpdes;
mat er Imbr,ema’hdla)&hﬁh %@M & tﬁe(ﬁtma&a:trfcrnwene yﬁhd%fan bdvn

ﬁ]r'al; e o ts()rlia%cgqlte lrselnal of %h%c h %%p m%PeC rpaglpoff"s islincreased

-resonance fr
CWW?QPF@GWW'@%E@%W%on’pared to a
parael ectric material capacitor. 12. The nethod as

o o i o A b S e R e BB o il gower
f ésoperiing dhe metherbeaaminiaing faphing one brinede embeqdes sananm's in
1@BsurdRate structure,

wherein each capacitor comprises a ferroelectric material; and

wherein a relaxation frequency of the ferroelectiric material is chosen such
that a seli-resonance freguency of the one or more capacilors is increased

-compared {0 a paraelectric material capacitor.

12,  The method as claimed in claim 11, wherein each capacitor is
formed with an ultra-thin film of the respective ferroelectric materials of a

thickness less than 1um.

-13.  The method as claimed in any one of claims 11 to 12, wherein
respective capacitlors are each formed with one or more resistive material
electrodes. '

14. The method as claimed in claim 13, wherein the materials of the
- electrodes are selected such that the substrate structure exhibits a desired power
decoupling frequency damping property.

15. The method as claimed in any one of claims 11 fo 14, jurther
comprising forming multi-layer interconnects of the substrate structure for si_gnal-
and power distribution.

Amended Sheet
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.15

.13. The nethod as clainmed in any one of clainms—Iito
12 wherein respective capacitors are each for rrg@ys(;zﬂoﬁmoﬂzss
with one or nore resistive material el ectrodesj,. .22 .
R d.29 June 2007
14. The method as clained in claim 13, wherein THTV.
materials of the electrodes are selected such that
the substrate structure exhibits a desired power

decoupling frequency danping property. 15. The net hod

as clainmed in any one of clains 11 to 14, further 35
conpr i @i NITHORBINGG alHdirhed AYS]y dddt &f&é?.ﬂé‘@l@té 18f afh&

substrate structure for signal and power

d PETRTREATHingAPRE R SBPrR Fisaiete FapRpijop pas part of the substrate
PE&TucB@006/ 000258 R eceitved .29 June' 2007 13 16.
The nethod as clainmed in any one of clainms 11 to 15,
further conpr|5|ng provi ding one or nore discrete
capacitor sThesmeagd asgfairperbinanp gue efidaims 1 | gclfupkereinthey
Therosetthioeatasal &ldapasel itilisindydeditenadl sghthesiss 11 to 16,
wherein the ferroelectric material is deposited
uti-lising hydrot hermal synthesis. 18. The nethod as

“cl ai mé8- i nThenyelbebap Flaigiediimany tng 6F ¢iFims\iHeleel7n whargin

ebigston@slsrahe0daphdiBrs GRPBhcldQtifisi R thin filbd prBskssdsl | | si ng
thin-filmprocesses. 19. The nethod as clained in any

one of clainms 11 to 18, wherein electrodes of the
capacilor stharmethaest mdalwﬁ i gngne kf dhimki11nto pliBowbersies .
@ea@desm%rt%m&s A BinRld R Abighiaiim PRReffes C| ai.m 19,
wherein a first electrode of the respective
capacitors is forned utilising thin-film processes,

~and &0secihmdnetha@icay dedieedfin tahe onespelaim v wiepsit atfosts

o 'ée&@ﬂ@ﬁﬂh@@sbécﬁb@&p%&io&krs ffdn]n% utﬁi&ﬂ& ﬁﬁrc‘ﬂﬁ prc?cgséé an&rhe

20

25

30

35

nmet hod as cl al ned |nan one clal ns
2 5EFPRF etectroo_:le of the respec ve capacitors is formed utnl:smg thtok—ﬁim

processes.

21, The method as claimed in any one of claims 11 to 20, further ' ;

- comprising a processing step for increasing a robustness of the -as-formed
- ferroelectric material.

22, The method as claimed in claim 21, wherein the processing step
comprises post deposition plasma processing, thick-film processing, or both.

23. The method as claimed in claim 17, wherein the processing
temperature is below 300°C,

24, A method of forming a substrate structure for wideband power
decoupling, the method comprising:
' forming a first electrode; _
forming a ferroelectric material layer on the first eiectrode; and
' forming a second electrode on the femeelectric layer;
wherein the first electrode, the second elecirode and the ferroelectric
material layer form an embedded capacitor in the substrate structure; and

Amended Sheet
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conprising a processing step for |ncrea3|ng a
robust ness of the as-forned ferroelectric rraterPﬁT!SGzoeﬁlﬂoﬂzss,,

22. The nethod as clained in claim 21, mherelnikaﬁnwﬂ293nnemMW‘-i

processi ng step 25, conpri-ses post dep03|t|on.

pl asma processing, thick-fildm processing, or both 23.
The nethod as clainmed in. claim17, wherein the. .
processing tenperature is bel ow 3000C. 30 24. A

met hodVhsFen arelationdreguensy pibeleypelemiamaiedabis chpsiaisusid
P&iaera s@ﬁ-ﬁ‘é&ﬁﬁﬂdc@ Q‘reqtjgl'ﬁry gt e derfstidBsd Sapsbitod & McRBse
first e Fctrod %E$1 q?a ferroelectrlc materi a

| &YBP oh e gk “'and" ‘forning a second
el ectrode on the ferroel ectric | ayer; 35 wherein the
first electrode, the second el ectrode and the :
ferroelectric material layer forman enbedded }
capacitor in the substrate structure; and -Amended
Sheet | PEA/ AA PG T/ $&@G ti 0i 1L58. Recei i ded- 29. : .
June zffoa 14 wherein a relaxation frequency of the i
ferroelectric material is chosen such that a !
sel f-resonance frequency of .the enbedded capacitor
-is increased conpared to a paraelectrlc materi a
capaci tor. Anended Sheet 1PEAI AU
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