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1 Conposite Structure For An Electronic Grcuit
FIELD OF I NVENTION 5 The present invention rel ates
broadly to a conposite structure for an electronic
circuit, to a nethod of fabricating a conposite
structure for an electronic _ circuit, and to a nethod
of noi se suppression utilisﬂng a conposite structure
for an electronic circuit. 10 BACKGROUND Suppression
of el ectromagnetic noise in electronic devices is an
ongoi ng CehgpbdseitecSirnctite HRACARCRIcAréhid Cirdwit
exanpl e, the increasing adoption of m xed- signha
(anal og and digital) systens in electronic
applications typically involves 15 anal og/digital
(A/D) and digital/analog (D/A) conversion for signa
FIELOO®E thVIENTIQMase- | ock | oop (PLL) based hi gh-speed

signgl_ i t/output (1/ or_radi o _frequency RF
7 r oniioo RSN iePlibn el EadifitoPn LOTRENEY sl inb ey ar
electehid greuitpicsa nuioad pf fabgcatingt aveemn posigestructurs diahan electronic
.m xed- L LI L.
o e oo R b e SO AL R S eb S styptype for on
elpgdipnicgiseitat ure co-fired ceramic 20 (LTCC) - based
systemi n- package, or printed circuit boards (PCBs),
various approaches to reduce the switching noise in
BAGKGRQUWNPe| pl ate power plane/ground plane
configuration have been devel oped. Exanples of such
approaches_include a nethod for suppressing i
r es CHRREESSI0) ePlep'BFERIMAGNSlC NIRis] | BleCRA dayiepvip an ongoing

chBllédgRSin thé @lectsaiB | fRIDY Fat bRitbak] e iRtregtiBR AdDptis BOmixed-
nt or | pss. conponents, such as 25 ferrit beads,

.absarb , ;
ST dpadpd i Eiah| HRiPEspAcIedRIC ARplgatpRe picaly nvolves
anaRrdigitlh, (AZDY .anthdighhidralog oD/A)heoeyssn Fbanfyria$ processing,

ok R ) ST oL 1025 SHRBGE o R Shincy
(REU frpontessd with af digital oefeﬁcgimmgmmai iaestuga%eieba\fd;rnr%@e becuipling
] r a vin i .
oofirech bt TLCLEH AREF BB plalefior Bor Bhealls idulk greuang
sy$tentipmackidey (SN tealblogy, Buchaas esw rtectpechturegrodited ceramic
(iEoRoEa3al kTR A P A S ORI s
apg@@@h@éip (=B} tha pwitchin® npise im&@qparallel plate power plane/ground

plane configuration have been developed. Examples of such approaches include a
method for suppressing resonances generated in a cavity between the two plates,
for example by attenuating RF signals using absorbent or loss components, such as
ferrit beads, or discrete decoupling capacitors. In another approach, e.g. the plate

- for the power plane is divided into segments, for noise suppression.

However, those previous approaches are effective only for suppression of an
electromagnetic wave having a band of a few hundred megahertz (MHz) and having
a limited directionality. Furthermore, the suppression is typically confined within a
restricted region, i.e. it does not extend along substantially the entire SiP or PCB.
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proposed to suppress a surface current generated in an
RF anal og device. In this approach, the EBG structure
is inserted between the power plane and the group

pl ane, and operates as an RF band stop filter. The EBG
can be incorporated 5 substantially along the entire
SiP or PCB, i.e. it can be Fncorporated during the
built- up of the planer structures for the SiP or PCB

t ogeEIh faeotlhw'r hho?ﬁaw, mgvéﬁéctmnwgaeﬁmﬁaﬁd‘lgap QEB%IBMBLQEL&Q ®ad®een
n ane. e structure has be nd t
rBotr o BRtes & Furlre i HE St AR R abrBaRic; on tis
appeeaehhéhe BGChstaniareot indwetedr itweerd thebgabe plane (dBidzthe group
t t d.th
PG AR BB aRTh Il RELSO LB R L Hld BRI Bon B rBorated
sugBlantialyalonethesendire BivcorBEBEB site: itctanrie 1oamrpbmated during the built-
upcé’rscﬁe Efan@fbﬂﬂ’c‘?ur)és k&ﬁbﬁ%ﬁ‘&@?aﬁ%@%&%% lP%Wer gﬂxne and the

ructure d
grpwm slanerss A8 BBfe Ranshl Ehe GIBG a@np@w hgs |bgeg found to be very

eﬂ%@f\?@"fogtsbp&(esébhﬁ)ﬁf gﬁ%\é&ﬂonﬁg%tﬁf %Qvéih%]\ﬁ% %t ntd dt9he order of

uenc 5 existing desi enge I'S
ng r—é)oqg\d plagnarc amei, dirggtigaal aqatg@stlcs and the suppression
ext‘éiﬂ&,%ﬂdr@r s st tially th% erflird &irge FRARCWHE Nhe ey BRPLASR 6&?1 be

E%f | ow starti n% requency t he di mensi oni ng of th
copimRifectiyl% {pleMBRISHNE T BEIFRUAN RFO%eSE: big t o

incorporation into SiPs of PCBs for applicati ons

wher, overal n.in |ze has becone

ma; &%Wﬁggl' c%?‘ﬁg'ingé‘%%fl chtu% ' ?h Wi'e ﬁe’Eﬁ'lnPé'Pﬁ p@@@m of
achievingt large hhmivgdta ofthuppeesadni and m‘mrlo\m sertihgtid@Bney. In

f d physical_si f the .
bl WP HE Bl Bl el 3P B Kl e Besired

- charscterieticse i.eoadarge andwiskh besipressiareand BNby dtarting frequency,

th%éﬂgngﬁt%iin%n?ﬂﬁéfégﬂﬂﬁgtgy bSdbings agﬁc{g@ zé )B(% t?flnéorSoratlon

ruct Anee t ere

(intp iR 9é PABsERGappliaativns wheets overal enisinpzatien sh eizel Imas become

thegln% r‘al"esﬁ%ng Q@ltatlﬁﬁehé Juh gﬁjmr@%q(? @t?ﬁctf?r% anrshﬁere

tione robl ens. n accor
is w %qmﬁomulaesbeta@s@cthe GUPpIeSsipn gxssiormangse DY cnhyslhdr%ze of the

redUitgl Qﬁﬂ:ttﬁes CRARASE Lted! £48ebsE £ wWitR! reffle il td Eoﬁgﬁre of Merit

circujt he composite structure conprising ower
'"daXa(ﬁM') for H?eowr%?rssﬁfbperémmes@ ¥ereue the dimensionsioh gheofpdevant
straétyr@re first EBG planes each electrically connected
via one or nore stubs to one of the power or ground
pl anes; and one or nore nmagnetic dielectric |ayers

f or Ketbeldaehuefire tdx®it $@ pebvide an EBG structure for noise suppression in
SiPs or PCBs that seeks to address at least one of the above mentioned problems.

SUMMARY

In accordance with a first aspect of the present invention there is provided a
composite structure for an electronic circuit, the composite structure comprising a
power plane; a ground plane; an EBG stfructure including one or more first EBG
planes each electrically connected via one or more stubs to one of the power or

ground planes; and one or more magnetic dielectric layers formed between the said
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3 one of the power or ground planes and the first EBG
pl anes for selective inductive |oading of the EBG
structure. -- -- The nagnetic dielectric |ayers may be
patterned such that the EBG structure 5 exhibits
different inductive loading_in different areas of the
conposite structure. Each EBG pl ane nay conprise a
plurality of EBG el ectrodes, and a distribution of
onehef HEGowtes o youles! planasharskbinet osttEBGMiaUat for ¥élactive inductive
IoIa&iﬁS%Hhie% s{?ﬁ& en EBG el ectrodes. 10 Each EBG pl ane
may-conprise a plrurality of EBG el ectrodes, and a
di stribution of the EBG el ectrodes is chosen to

pr O\’thl’%emgbrﬁétﬁ;ogélé?tﬁ%‘ Ea&%ﬁsiﬁ%g Be (oHaIRGEEA Fid: ‘ilie %Eg& structure

different“are 0 site structure.

- exifissifaientdndupivertppding i diffeeent emse of theeccmprsge Stivcture.

anal og and digital signal processing. The conposite
structure may further conprise one or nore Hi-K

di elfashr EBG ipiansr snfocamgrisetavadyralitieoloBRE alentrogest ged a

diftA¥E@TonOlbf GhO UEBGPEREBRSIAN G (dABsdd 11§t accéfnidefatd | \Ad Gfansitions
f or SEE ctive capacitive |loading of the EBG structure.

bepygen tQdefct ure may include one or nore second
EBG pl anes each electrically connected via one or

ot B R Erubite o e ey FA A an o
digtilgiions of dine EBG neleetrddast ke chosxpn & igrovidk eliffsreni uppression

I {0 et ween e said agther one of the power
chgfae BtngloD et S o 1 pnde Bbteiones for

sel ective inductive |oading of the EBG structure. 30

The j r.u r v _f [.C rgse | OSSY .. .
ot arEOAeEh® o Bl [ Britte (EbidTke H{ERLI0 Cafitd B ot
signghpliongssitd.t he EBG structure. The conposite structure

isinthe formof an SiP or a PCB. 4 |In accordance

w th a second aspect of the present invention there is
pr ovhagspmposite structure may further comprise one or more Hi-K dielectric

layers formed between the other one of the power or ground planes and the first
EBG planes for selective capacitive loading of the EBG structure.

The the EBG structure may include one or more second EBG planes each
electrically connected via one or more stubs to the other one of the power or ground

planes,
The composite structure may further comprise one or more further magnetic
dielectric layers formed between the said other one of the power or ground planes

and the second EBG planes for selective inductive loading of the EBG structure.

The composite structure may further comprise a lossy material for
contributing to inductive or capacitive loading of the EBG structure.

The composite structure is in the form of an SiP or a PCB.
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a method of fabricating a conposite structure for an
el ectronic circuit, the nmethod conprising the steps
of form ng a power plane; formng a ground pl ane;
form ng an EBG structure including one or nore first
EBG pl anes each electrically connected 5 via one or
nore stubs to one of the power or ground planes; and
form ng one or nore magnetic dielectric layers forned

bet vieancdriencavith asecaid ddpecpafwes pasegyiowsndion 8 @&Sprovided
i nduct i

= P b hSREeBBp e LRler 6" o S BRI gmemoo

caneptisirigstbe séepsesfriomyng hepavey méetniec fahinglgea grdund| pares; $ormilily an
. . s i _

CSUHbRL AR B e iy e

VIEROR EB® S| stnks trapne ofrprd pewer ol gnoaihd tpjanek; &BGforming one or

mSJe%E%Mi@%iel@cﬁﬁc %9&:«5 f%%%&vééﬁ tl-gefs P8R Iifgtﬁé coRPs! BBund

a distribution of "the ectr odes
Plaresomiddtatiest EB5 plaaessior selastiviedndustive FRGINgl & the BBEsstructure.
Each EBG pl ane nmay conprise a plurality of EBG
el ectrodes, and the nethod further conprises choosing
a di'dermthed gnavfurthee copprise eaitemingsthegnagngiicgdislectric layers

sudh fthaartRe E BT BRIQS M AiRTERY ih&ldtivs 18indlin| dif&RRAt areas of
pareas of the nethod. 20 The different areas may
t %B'I‘?ﬁi“idse respective areas for anal og and digital

si gnal processing. The nmethod may further conprise

formn or nore H -K dielectric | r 2 et wee
t he FoPFBG, 8o has sotckecs Bl oh B sidtgdtheand the
méthodt fUEBG moameised achoosiebeat diseibutipacoft thee EB@delggirades to
. ‘e, Forpmin h BG structure may
acll%r}ﬁ[nﬁgéie%% %rtg}r]légj'{'%r?ebe &%?EESGZ%CEW%%BG pl anes each
electrically connected via one or nore stubs to the

ot h f 0 r d
e B2 E5] e ol e f JAHDopERRE Sl anc
methed Rsthemagmetises chtiosingca distritludige 0§ theeEBSeelectrasesdp grovide

diﬁétraﬁrsuﬁﬂ%sggv RS aP@WElics%br &ﬁ@ﬂéﬂgaﬁéégﬁﬁﬁe&m%hzﬂe

second EBG pl anes for selective inductive Toading of
the EBG structure. 5 The nethod may further conprise

provhéidiferant 983% MBY @bhiprisé Pl Ipsdd Y analog and digital

signal processing.

The method may further comprise forming one or more Hi-K dielectric layers
between the other one of the power or ground planes and the first EBG planes for
selective capacitive loading of the EBG structure,

Forming the EBG structure may include forming one or more second EBG
planes each electrically connected via one or more stubs to the other one of the

power or ground planes.

The method may further comprise forming one or more further magnetic
dielectric layers between the said other one of the power or ground planes and the
second EBG planes for selective inductive loading of the EBG structure.
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to inductive or capacitive |oading of the EBG
structure. 5 The conposite structure nmay be in the
formof an SiP or a PCB. In accordance with a third
aspect of the present invention there is provided a
met hod of noi se suppression _utilising a conposite
structure for an electronicscircuit, t he net hod
conprising providing selective inductive |oading of an
EBG structure 10 formed in the conposite structure.

The f [ e. brovidin |ff

" naul §8heliny, HaPboBHRE bifioliecd 1050 Hate i S tariayting
tOsiWHRﬂVQIpECaPLBBItIVh@admgmimmﬁﬁGfsjmumm. conpri se choosi ng

a distribution of EBG el ectrodes to acconmpdate via

transitions between EBG el ectrodes. The nethod may

f ur t Ngrcamnnsite sbudheonanbe & iederm olan BiF wfa BBB

el ectrodes to provide different suppression

characteristics for different areas of the nmethod. 20

The 'Rierewdange Witk adhirhgsrashpt ths dresespisventian theeals preyided a

méthal @ ndRkE stpgiekdbn uﬁhsﬁh‘ﬂ_ﬁh BPeSES shtbturd 18 ﬁEﬁeﬁloﬁ@ﬁlmmt
furtFer conpri se providi sel ective capacitive

the JaeihRg COMPTISGO AIBVIERE SN (PRHCH st PO EBPestructure

formead inftké belapesitiaieikese EBG structure. The conposite
structure may be in the formof an SiP or a PCB. 30

BRI EF DESCRI PTI ON OF THE DRAW NGS 6 Enbodi nents of
t he Tihevemethiodnmeay | further bahprive prdeligd afféremdnd@aide | iyading in

R P e on, by way of “exarpie

only, and in conjunction with the draw ngs i n which:

S FiTgIBrrﬁ tﬂ\o# fﬁﬁngr'@otrﬁaﬁ'ls%rc%%gslﬁg%teéﬁ%t utlon c?f"\é@é e?ecérodes

conposi ture in I gut
to EW@@%@BG@M@I@%@@WMEB@I@HEWDQ% of a conposite

structure in an exanple enbodi nment.

The method may further comprise choosing a distribution of EBG electrodes

to provide different suppression characteristics for different areas of the method.

The different areas may comprise respective areas for analog and digital

signal processing.

The method may further comprise providing selective capacitive loading of
the EBG structure,

The EBG structure may include a stacked EBG structure.
The composite structure may be in the form of an SiP or a PCB.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 3 is a schematic cross-sectional view of a
conposite structure in an 10 exanpl e enbodi nent.
Figure 4 is a schematic cross-sectional view of a
conposite structure in an exanple enbodi nent. Figure
5 is a schematic cross-sectional view of a conposite
structure in an exanple enfodi nent. 15 Figure 6 is a
schemati c cross-sectional view of a conposite

st r UBrhbedimientsadf the kasptiich wiltedgreR Undérs@dtiaind rehdiySapparent
e

frequency response _of conposite.test structur
to PP RIT=NY BRI L3 AP 0T M A RIS, WG]l PESGPtian. opy way of
exaoiperably caret iosengiactiidnomittd theideawiafs,dn edighosi t e
structure in an 20 exanple enbodi nent. Figure 9 shows
a flowhart 900 illustrating a nethod of fabricating a
congogireel ista schamaticd gpsaxsediceslt viewiaf accaropnsite structure in an

i ; n exanpl e enbodi nent. DETAI LED
e’%&%ﬁ@??%ﬂg Figure 1 shows a schematic
cr oddgwect isomgthamatiy gbsapedtivta Hew ad aStdpasiaEdeciuee in an
@ EMbEdihkianpne exanpl e embodi ment. The structure 100
comprises a parallel plate power plane 102/ ground _
pl afdaure 8 BohFehpipaiici @Rss-edional Yiew ©f BBOMpsiASirugiyse in an

ex@ipldénBbdr@dnbet ween the power plane 102 and ground
| e, the EBG pl ane 106

plane 104. In 30 this exanpl. ) _

corr%r‘gué'%§ % %PW?tW'"B?S“fﬁﬁt'eﬂa'e‘f'%ﬂf Gde¥npgyge strypture in an
ex@hpis énbédilgngonnected to the power plane 102 via

vertical stubs 112, 114 respectively.

con‘&lb%lr E

. . 7 Th .
&8 RN TGEST SRARRY oS ASRemRRTHe SirURFsin an
exampie¢mbodimehectric | ayers 116, fornmed between the
- plane 10 : d pl 104 d di tl :
R Sl B8 2 BT SerBoR e &1 &, Bppcs© Shbetlre in an

exempemeodiment-ur t her nore, the conposite structure 100

co r ' rogttlvi Hi - ,
i of STET ShPRs Bl tePoR O farliidindegtiiis apreraing
to a0 2xamglet drebagtianid
Figure 8 is a schematic cross-sectional view of a composite structure in an
example embodiment.

Figure 9 shows a flowchart 900 illustrating a method of fabricating a
composite structure for an electronic circuit according to an example embodiment.

DETAILED DESCRIPTION

Figure 1 shows a schematic cross-sectional view of an LTCC based SiP
composite structure in one example embodiment. The structure 100 comprises a
parallel plate power plane 102/ground plane 104 configuration. One or more EBG
planes 106 are provided between the power plane 102 and ground plane 104. In
this example, the EBG plane 106 comprises a plurality of patch electrodes 108, 110,
electrically connected to the power plane 102 via vertical stubs 112, 114

respectively.



10

15

20

25

30

pl ane 104, and directly adjacent the ground plane 104

in this exanple enbodinent. |In this exanple

enbodi ment, the H -K dielectric |ayer 118 extends

through the entire vertical region between the EBG
patch el ectrodes 108, 110, and the ground plane 104.

10 The conposite structure 100 furt her conpri ses one

or nore dielectric layers 120 of normal permttivity,

i . e.Thas comppsitee Gtruotutene1Obi fufthai edoptdrises dray e mdfb rhdgnetic

ciffRitiofresd b ePrERE e e 7 iRy Bl Rt oriad Plane 104,

argbrditestlyy adjassctefi® qfowkd, pleiner €88 mh eﬂhlsctd)aamplleay@msodlment

|
FLﬂraﬂ%rmélle éliea&llégoé% st U%Pu % gﬁeg}nﬁ g Itoi r{'ﬁ&%}[ﬁl@'& 88{mlttIVlty
HZ-K'?B dielectrd tayersL 118, rfommpem*nnhemewteaplanamﬂm the ground
plé\% 5d, éi’l%rcme‘:{lyt ¥HJE¥eAt%¥§ércﬁ%9 g (ﬁomﬁzF %‘iaﬁ?lé’éﬁﬁedlment

rgani c or g ass ‘ceramc
'”T'Né expmRle emadipent;, thel Riyle dlelepﬁmayercﬁﬂmntwsmmgﬁ the entire

verRaf it b¥ien Whe fE@’d BElcR &t d@frﬁg‘ o, dnﬁ tﬁé%rﬁi %Iane
| npl enentations. The magnetic ectric layer
onprise ferrite 20 |oaded polynmer or ferromagnetic

. ceramcs in exanple inplenentations In the conposite

structure 100 shown in Figure 1, the EBG bandwi dth is

det gﬁ\ﬁl GEPOse SRUCtyEy 19%3&”*‘@'{ GRgPrisesonejarmpiedielestie davers

12anﬁ nbhealpaiehtiely Sicd. lze defiparekDB, théﬂ:ﬁlKCca@a@thb &yer118.. Rwill be

oS HY ARE SRS S EETBEHER oS el Tave =

didedtie comstantl iayeceskld £ wiriagedaigtlyic I@,remsl HdesSsimilar to the top

anfntgoqﬁir{;%?e'?etcg?co \E Ol 15’{ ‘F{ﬁ Ha%ﬁg% (g?etﬂ%eqt\r\éce%%l %?'EI gf ?ﬂoout 25 to

abpbuhil@ginc ararbplef wmn;lbmentahhmc‘éble bynsel eetritivitpfiagdre 120 may

08 P g MGl 8k g v
dilg@riathyant a@@eugbmppsawemc Ioadedpmndmordemoeled;tno rceramics
in EX4HhPE i Efe%tg E%:E.Iaghcon |8%%§|cllgfer 489 can n_comprise ferrite

capacita roI

|Oad@ﬂtmbfm9ém émccmﬁqygetlg eerEati¢OIN ecxﬁmpleelmlﬁ@@tat:ons
di mensi ons, or both of the EBG pat ch el ectrodes 108,
110, 8 The dielectric la 120 having a dielectric

condt £t coRpPRitel $uGtyret P%‘M’é im&igusan. 4be RBG bengwigth is

- defebmineacsy aRsvatica e enbi analindRerned) bR thé A&h electrodes’

108, 110 capacitance, i.e. the capacitance between the EBG patch electrodes 108,
110 and the ground plane 104. The magnetic dielectric layer 116 advantageously
provides independent control or tuning of the vertical stubs’ 112, 114 inductance.
Furthermore, the control or tuning can be further enhanced by selection of the
shape, dimensions, or both of the vertical stubs 112, 114.

On the other hand, the Hi-K dielectric layer 118 advantageously provides
independent control or tuning of the EBG patch electrodes 108, 110 capacitance.
Again, this control or tuning can be further enhanced by selection of the shape,
dimensions, or both of the EBG patch electrodes 108, 110.
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transm ssion in the conposite structure 100 of the
exanpl e enbodi nent. 5 Lossy nagnetic or |ossy Hi-K
dielectric materials, or both, may be used in the

| ayers 116, 118 to enhance the EBG attenuation factor

and hence the signal suppression effectiveness.

Figure 2 shows a schematic & oss-sectional view of a
LTCC Si P based 10 conposite structure 200 accordi ng

to artet Herecemblagdémm havihg = diciksitit Eorddént 9EIBRIN Bethearange

ral l e | ane 202 / oun l,.ane 204 .
oBBER ol 27 aBReT0 PR’ BB ca FaisdtoB " fegtn for signa
tr@’rsouwi@dmhbde verapoditecstinotves 100 ahibe 2823maledergbadindnt. pl ane
204. In this exanple, the EBG plane 206 conprises a

plurality of patch electrodes 208, 210, electrically
conrlessehagoeticher Ipsayeti-ip tisteetrRO0Raterialsyerbdticahawbeaibsed in the

gé_} Zﬁ?er ‘?1]84 td @PREAd YR erd r%ﬁteﬁﬁ%%s ﬁ‘éc?orsgﬁt{quewég thd Signal

npri ses one or nore nmag
&#ﬁy§$§n2iEcmﬁmﬁﬁ%d bet ween t he pomer pl ane 202 and
ground plane 204, and directly adjacent the power
plane 202 in this exanple enbodi ment. 20 Furthernore,
t he CBHBORiShEWS 3 sehenatiocrpsesrplionat yiemef & Lise SIF brsed

cdih;ﬂsﬁé? tetiuBturd 0BT Sccbtding f1o! AR CEMBENNRE W%tr@ét%e 200
and the gro und pl ane 204, and directl] acent

CW'SG% guriiRlls Rlate pawer Hape, PQQéﬁawdepfémgaf?f FeRfiguration. One
ortrhbre resenméms 20D afd pRNidedtBtdwebn tﬁe:lp@h@rcpléh@ 2oayfid ground

218, ex throu he tire v ical .reg
P 2 BB c e FECt PloBe 200 aomprtre A kgl of patch
elgptrodasl 208 am é&étncﬁﬂij ddimecaposhd powsn planaIr@2 Zid0ertical stubs

u [ Ses one or nore dielectric layers 220
21f2 Hﬁ%ﬁﬁ%&mgrym ttivity, i.e. as conpared to the H -K

dlelectrlc Iayer 218. In the conposite structure 200

h 0
b ow@el ver | caI Sa?a@rée ggﬁqu?@gﬁ\%ﬂ%,u ssan%n% ognrfl]g (5'? ag%euc
dlqqutnth layeesc2 1@ dened belgeen 1iie payeac plaaa @92 andegrotuhd plane 204,
QUBREL BRI ) FGNIo080 ) AR o
FUﬂQ?’é‘F”@l&%@Wﬁﬁ@%@e@iUﬁW& %ﬂ%wme@se\sm@@nma Hidh tdigdctric
Iay‘éFs Dysli femed bbﬂﬁ‘eéﬁefhﬁ' Mer%lé‘r%smg%%d tﬁé@rémuﬁlﬁﬁé‘%4 and

Furthernore, the control tuni ng can
dlr@qwaqmnbw%p@aq Plgpe gp4phtyls example embodlment in thls example

embodiment, the Hi-K dielectric layer 218 extends through the entire vertical region
between the EBG patch electrodes 208, 210, and the ground plane 204.

The composite structure 200 further comprises one or more dielectric layers
220 of normal permittivity, i.e. as compared to the Hi-K dielectric layer 218.

In the composite structure 200 shown in Figure 2, the EBG bandwidth is
determined by the vertical stubs’ 212, 214 inductance, and the patch electrodes’
208, 210 capacitance, i.e. the capacitance between the EBG patch electrodes 208,
210 and the ground plane 204. The magnetic dielectric layer 216 advantageously
provides independent control or tuning of the vertical stubs’ 212, 214 inductance.
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shape, dinensions, or both of the vertical stubs 212,
214. On the other hand, the H -K dielectric |ayer 218
advant ageously provides 5 independent control or
tuning of the EBG patch el ectrodes 208, 210

capaci tance. Again, this control or tuning can be
further enhanced by sel ecti8n of the shape,

di mensi ons, or both of the EBG patch el ectrodes 208,

Fmrm&iee tiok ei_oaﬁflr be_tdna*_.gthebarZZié ﬁﬁtﬁﬁbg@nﬁalﬁﬁe@ Byatgéie@ti%n 50f the
onst.ant typic in t range tween about 2.

Shﬁﬁa ‘i@ef'ﬁ'ﬁﬁgi%%g{%%fﬂée ‘é%ﬁ%r?ﬂﬁ)&%& ?I£tgl um for signal

transm ssion in the corrposi tes structure 200 of the

exa h S|te re 200 of .

Ehe O S5 BRRE.BBA ek, FieBELR R HE HebRs Pgrices
indépenB8@ patoh oekedig otite BBG, pa2diD eiestradb.saﬁ@&msdlgacitance.

0 I - ' ifi 2 .

AJERE Il ditED oP ture of el RIAHEE RSNy S&dstign,gt fre shape.

direngoni, oF bothrdf thanBBeriaidhseledrodest208, 2y be used in

| ayers 216, 218 to enhance the EBG attenuation factor

and _hence the signal suppression effectiveness. In the
conpg&§i ¢iglestrie yayair €2Q baving [redielastris epnstant dyrigally2ip, thg xange

behkedts | ddoRNS2 .81 En@afd furdiomld’ éé’ué‘d%v@)itltﬂ"la@l I%EBIEJHP for signal
material, of normal permttivity conpared to the -K

tragspissianyin ¢he ¢R{PRASItES SE'FCW@)?&O of the e%ﬂrmi@ emJP@ I@Eﬁrt | on
of the SI gnal vias 222, 224 transitions fromthe
| ane 202 to the oun | ane Syrroundi n .
e VI CoRPOsIED Firygtyng %PE?’E‘?D eéamﬁét P%ﬁ&lmﬂ’t' rfg‘? r?%l‘e‘:t“’e
dml@hit_mghtdf‘md FBGpdith sleexedeel 208e mvoga mtqta@ﬁwam ageduséyable
. ayoi or m zes na radat j on that .
vt ordieed B RnRbl T FoREiia o35, midbalBlr jossy Hik
digdentrio oradedhlsy dribdtth enap gaatsed inlilalees 216,c2 1@ toHerHance the EBG

ot T ERh S IR e e BapaiPeresS R etp b oneRhuct ve,

capacitive, or both, I|oading my be applied to the
EBG; t R
Pl SBLARHER 2y BEEA S 32, 1 caton g oo

Sumdsdtwmlée@m matisisl offiagmelepergiittivitt comphced tadbe Hi-Eddielectric
maﬁéﬂgpgﬂa?&' SMg dohy rtﬁespgl‘g%w 014@18 sl gfﬁ%p@iﬁé '2’2@'224 tHhshtiBfs from the

osite stfuctures gnetic
pOW?"eQ"%'%Et #02%:to)thg erosnd glane 284, Strernding the y RS @Rl 22dtwithcdielectric

matehaE 6F NPkl peRAIRILE in IR ERIMAE enbBdffent Qd@fhﬂig@éﬁ’s!@ avoids or
desi red sel ective i nductive, capacitive, or

th
minigiags siprehdegpdatiop dhat fa%a@earflsq Re e&B‘?ﬁﬁB‘ﬁ‘Fc{ & the vias 222, 224
webd §UHIUREES with Ghe hdEnetit Qlielectric or Hi-K dielectric materials of layers 216,

218, or both.

In different example embodiments, selective inductive, capacitive, or both,
loading may be applied to the EBG patch electrodes, as an alternative, or additionally to
the selective distribution of the EBG patch electrodes. Figures 3 and 4 show modified
composite structures 300, 400 respectively. In the composite structures 300, 400, the
magnetic dielectric layers 302, 402, and the Hi-K dielectric layers 304, 404 are
patterned, so as to achieve a desired selective inductive, capacitive, or both loading in

different areas of the composite structures 300, 400.
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Figure 5 shows a cross-sectional view of an LTCC Si P
based conposite structure 500 incorporating a stacked
EBG structure according to another enbodi ment. The
structure 500 conprises a parallel plate power plane
502 / ground plane 504 5 conflguratlon One or nore
EBG pl anes 506 are provided Bet ween the power pl ane
502 and ground plane 504. In this exanple, the EBG
pl ane 506 conprises a plurality of patch el ectrodes

508,-.510,.electrically conn ct ed o) ne
205 TGS 5 SrEFk i sisetRar el of Sop LS oRp bR Sgpuposie
stwotvpo 504 mcsrponmt:ﬂmgm atdsbed EBGt dectucoaqordiestoamether embodiment.

Hga\%@f&% ane g%ﬁ&%sre F%ﬁéﬁ% pl?t@e Vgegéé@%a @é di f@@tbl ane 504
canfiperation. ©Ohe opowee E@Ganienes)éoﬁi aret priogidest dafween the power plane
S@QHQ'QFEUer |aﬁgr§daer TR"tfis )%%gﬁ QSEEG 5Itaﬁé' rl orﬁ;glgses a

onprises one or nore I- aes
pllﬁr@f*m petohaegirodre S8wet0, p!e&tr@aﬁxogoramtqdﬂe tiog power plane 502

wé)k,émga@gfbs g;q@d5—]l,§régbé@c%| y adj acent the ground pl ane
in this exanple enbodiment. In this exanple

enbodl ment, the H -K dielectric |ayer 518 extends

t hr ough cbr'h@oﬁfét istrBctuRY tsoga#urnheg | @hpride V&RN of hﬁer'eB%egnet.e
and the ground plane 5

d‘%ﬂt%t%‘g Jﬁ?‘l‘?g%i é dfg’ir’i'% p%tw@eg doe Pareh BP%E ogransegroype P@"e 504,

andiD Idiredilye | ®ijadent ih%yEgTOWerZEIaEQOSOQ yelgiir:Y le&ammetteﬁqbédiment
ctric layer

FtBradR, G BaEs e liursai afRas e, of e TRk dilectric

layeas B didnmid betledaar mermﬂméryplﬁhte SOErahdgaé gsdurasplabd 504, and
ne | ectrodes'. 508 10

Rl ades B Grou R b o s Rk BB Ryaln” Jp e oxamoe

engdirhend] thet Hig dsale'im& lagér ST®extands theoughaba @npiteavarticad 4egion

beﬂ?@erﬁges G R at‘éh Bl %a&éecséé%éﬁbbgﬂcftagﬁgﬂtafaﬁgﬁ&ébl

provi ependent conir he“verti cal
stubs' 512, 514 inductance. Furthernore, the control

or W@'cgﬂwg)@ﬁe Qﬁuétb‘fetgt@' fuﬁtﬂglaE'&ﬁgr %\ér%relcgﬁ%gr%%%gqg%yers

nsi ons
5299& nomﬂf ORIty iee BS Bamearedie the Hik giekeads layer 51 er
518 advant ageously provi des independent control or

t uni n%] of the EBG patch_el ectrodes 508, 510
capit eeﬁe'@ms'ﬁgawtur@h?@ 8BRWR o Figure (fhithy RBE Raedwidth is

defaimmirRar bﬁﬂ’(éa{?@rﬂgalbétuﬁﬁ@l(zt 598 iRdudtdriees RARGHe atch electrodes
sog,lgF (P ialoarc]:ﬁance ie. '512 c%fpagllga%cg %Gt\egetnctl?'\eelj—_'ﬁétpatc{ electrodes 508,
510 and the ground plane 504. The magnetic dielectric layer 516 advantageously
provides independent control or tuning of the vertical stubs’ 512, 514 inductance.
Furthermore, the control or tuning can be further enhanced by selection of the
shape, dimensions, or both of the vertical stubs 512, 514.

On the other hand, the Hi-K dielectric layer 518 advantageously provides
independent control or tuning of the EBG patch electrodes 508, 510 capacitance.
Again, this control or tuning can be further enhanced by selection of the shaped,
dimensions, or both of the EBG patch electrodes 508, 510.
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The dielectric |ayer 520 having a dielectric constant
typically in the range between about 2.5 and 10
functions as a conventional nediumfor signa

transm ssion in the conposites structure 500 of the
exanpl e enbodiment. 5 In the conposite structure 500
of the exanpl e enbodinent, fhe selective distribution
of the EBG patch el ectrodes 508, 510 is advant ageously

llised'l:ieOdieléabilclelayé/ri s20 haviag ta Gié%ﬁ_frﬁicodrfi?aﬁnt GPFIYER iBNthk Yrange
urt hernore, .l 0Ssy netic or Hi- ielectrig. .
beieel 14108t 2P B 110 HH)CtRS gB o PV STBiuEy dog Sianal
tramshdgsiom ihhiee EBtpadites Btrattli@E0d efdihoexamnole ketboeinidre.

si gnal suppression effectiveness. 10 In this

enbodi nent, one or nore additional EBG pl anes 530

connedhe dotmpositee strgetoren 80P lodrties BRdmpleecepbodimeet the selective

R BRR OFBE b RpraE 0o o0 LRy aihoeP IR LLEF o Bnabie

vigtrarsiionsfi22, bPec@EB@niepdly.c hudhasmora dessg 3ragretippi Hiel dielectric
m%_t%fiQE O th ERay B4 usadth Ifag%rgqu@lg?é‘@\f?%%eﬁﬂé E@Eﬁ %&@mation

G patch el ectrodes ] e over
fagiphaitshensedhe sigaalmperisgsion effertveneede 532 being | ar ger
than the EBG patch el ectrodes 508, 510. The EBG patch
el ectrode 532 is electrically connected to _the ground

pl attpempedigiggh opeor Mmose adtitignal EBS pignes S& gyinesing to the
gr&dhy ﬂlahe G@ﬂ@r@@r&nﬁkﬂb}opas b@?ﬂ&H@Gmﬁu@ﬂJrﬁL Efl?\_tefmk? g 530

are also  ipcor ed i is e e enbodi ment, an
coflarisRt B IR R FEiRE DactRsive: St ol #14 Sgpament, S Eac
patdhnelediiddet3820dontpgrees wgg@ﬁable@ seh,waﬁ:ﬁ:ﬁ tﬂeﬁsthwt'ém, F1Beof the

it st ructur i ar e th the e
EEE P, fecisBos, SO 843 e PRI Hrichaiotf oE e il cpaten
elexhpde 582 beingdadenthan lthe BBIG pdieh alppir@eibsdB08050y. BhepEB&opatch
' A t 25 that :

oitliots 8324 kbl ooanarbd ) 1B Fayhy BEHE v imklGn Pela st
e.g4.183Busides 4D, e rohfraintating endhe atlwalptcheleleede Seieare also
incdRoratel® il "€ A8 LarhBle! b dAG! | EnfOBLT | fFFBL Qlnable the

2 macerial s typl caFIy assocl ated w only a m nor
confieiabiite of rfuneabildy «ifdber suppeessnanbarapigristiosanplthe composite
stricttygPss! magnetic dielectric material having a 50 to

100 tinmes higher magnetic permeability, than a nornal
30 dielectric material, the associated increase in the

di elcefipaldd GARStRNEBERY PR BodethBYEBRSE a6l &300hasiROUpical
inq%uq:%o@ grgi ggp%c%g rllc?atcéir?g.dllt SJiIFgé ra;agre[:rigyce%r tgyail pgngs%ncs%mga Iiﬁc’ %e art
that even though for the EBG layer 530 magnetic dielectric [ayer 516 may have
some influence on the capacitance of the patch electrode 532, the increase in the
magnetic coefficient of such a material is typically associated with only a minor
increase in the dielectric constant. For example, for a typical magnetic dielectric
material having a 50 to 100 times higher magnetic permeability, than a normai
dielectric material, the associated increase in the dielectric constant may only be by
a factor of about 2 to 5. The magnetic dielectric material may comprise LTCC co-
sintering tape with magnetic powder dispersed in an organic matrix in an example

implementation.
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sintering tape with magnetic powder dispersed in an
organic matrix in an exanple inplenentation. 12 The
conmbi nati on of the enhanced inductive and capacitive

| oadi ng EBG | ayer 506 with the EBG | ayer 530 can

advant ageously provide an ultra w de bandgap

performance. 5 Figure 6 showd a cross-sectional view

of an LTCC Si P based conposite structure 600

| NCOTHaOdcatibim@tion oF tia &sthnEBGirtuEed Mcﬁcaaxae;modidas@iﬁgOEBG layer

ot i ment... The structure ses. a
SRR e TG /R 0, o9 BHEATEEoS g e AraHagse bandgap
perfonibgea. at i on. One or nore EBG pl anes 606 are provided

bet ween the power plane 602 and ground plane 604. In
this exanple, the EBG plane 606 conprises a 10
pl urkagure 6 cshowata: Imrctsbaettroodlesue@OBf a610TC@| %Pt basedl tgmposite

st@?@ﬂaeédlCFQCé Y}s%l%e Egaestrggt%re %{éc%r rlﬁ;[]ltoI and heg%:glggdlment

Tﬁaﬁtrutémrec@ﬂ@pwswrzaeerEep@raflﬁmI@termmeétnme avy ecctunudoplane 604
cdnﬁé{@r‘éﬁorﬁ 1@ne og gﬂ@g E?? é’s 568 a%oﬂ\%l}lg% @Qﬁve@qah@ggwer plane

round pl ane dlrec é cent the
0% and %Q}E‘C*l ﬁ'aﬂﬁl@o"exé'hﬁhlé @PWE, At EBGuplane G96r eomprises a

plus?@ Fbﬁzhsélédﬁ%ﬁéé Goﬁ%wg%fﬂéﬁﬁc&ﬂ%c% t%ﬁ@p&ﬁ&ﬁ&hésoz
ric |ayers 618, formed between the power plane

V'%ETE‘“ &ttth%@&r%%@seﬁ%tws'v 604, and directly adjacent
the ground plane 604 in this exanple enbodinment. In
t hi exanpl e _enpodi nent he magnetic dielectric
| ayjﬁeei@“ngaﬁ'f@nagu‘ftmeo%&ﬂ Elﬁtge r??)mpé'% N&r ©OF ¢Bpre magnetic
diglegiio myeet mrfotnhéﬂesgaﬁepﬁttn@ peWer pland &D26413), gr6ihﬁ)d pamd 604,
4. The co

t.h d t I t
anpl SRER iR E cheomenst Hane HP3I ki ise Skayibf Srasmgiment
Fupthemosmenl thep ecompdsitei siructdfe 600t bempm&sod inkeostmoet uiagnetic
. F t he, EBG b
s ROSE 5T BT sBuyeeling dle? idls ook a0 o sranepiane
60dnand Hiceqiig tadjacehtdbe gomms! plar@0E)4 6 10is (eapmpletemhmi,lmente In this
oxpfie- 8RBEURAL Ind FlalfiE LRbeiea08: 61k SBhl ARFR P entire
Veﬂ@ybieg@]jﬁb%amt@gaﬁspgtch electrodes 608 610, and the ground plane
604.

The composite structure 600 further comprises one or more dielectric layers

620 of normal permittivity.

In the composite structure 600 shown in Figure 6, the EBG bandwidth is
determined by the vertical stubs’ 612, 614 inductance, and the patch electrodes’
608, 610 capacitance, i.e. the capacitance between the EBG patch electrodes 608,
610 and the ground plane 604, The magnetic dielectric layer 616 advantageously
provides independent control or tuning of the vertical stubs’ 612, 614 inductance.
Furthermore, the control or tuning can be further enhanced by selection of the

shape, dimensions, or both of the vertical stubs 612, 614.
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30 provides independent control or tuning of the
vertical stubs' 612, 614 inductance. Furthernore, the
control or tuning can be further enhanced by sel ection
of the shape, dinensions, or both of the vertica
stubs 612, 614. 13 The EBG Iayer 606 has a "typical"
capacitive loading. It will 'Be appreciated by a person
skilled in the art that even though for the EBG | ayer

60f6|'lﬂ‘%%8¢3| I§yerCBOB| restd lt?plbéWQé[?eﬁ;t?t&eﬂBHdlﬁ@Vﬁ vlﬁﬂ)lﬂie appreciated
I n uence ca I tance O el ec
by BePrtath Sl Bnde A recYRIgHErBR HooBRr EBR.RYSG P08 ipaneti

didledteit dayexl 618 mMaypheal kyme Aagsawcabe dha daba@ﬁiny:e aofniheopatch

he di el for.
eI, I %t B F Sidctehie £orPen RUAE 5 dol Bipaty
asbOQatednmeith drlgheninoagoesase in p-erdlelabﬁrlblmylstanhaﬁnraemammlfor a
ty@%:@l @%bﬁétﬁ: %ﬁeec'ilji l{natér%“? I?aﬁ/?‘n Ci a%& Fihes Hah%ou tag?etic

ric constan 8 factor
petrmesbill'f!fhéham@nebrmalddleleetrlcr rrtatertaat thei absavifed ompeasse in the

dlaggﬁi%BnQEﬁF rﬁ5¥] Bglytbaeolgy Wf&&opaig%dt % tB%A‘jf%r rgéﬁ'ﬂe%rcqﬁgectnc

tr1x Tn an exanpl e nple
matgealgnay é@mpr!%e LEC}@r CEIDtSNAg i tafep aﬂtburmg;@m inewgleh disagised in

ant orBhsig atrist R dSahAIfpISRENGBRS). about 2.5 and 10

funhctions as a conventi onal medi um for si gnal
transmission in the conposites structure 600 of the

ex armleed@e‘@mdl fﬁ@?t 65201 Raviflg té“@leféémoééﬁs%rﬁtt{/fbl&iwr 6 B8CGange

i ment, the selective stribution
beg‘l’eefrhé‘be n%%t EW‘F’ e1°ed°t‘?6t9é‘§ Gioler %qrb’entgor%v@ﬁf“aabcfamwna*

trans@ibsion ie BRDEENpasitas blradiGiet 00N e @xarRé cabodpmmnt | y.
Furthernore, |ossy magnetic or Hi -K dielectric
materials, or both, may be used in layers 616, 618 to
enhanctlee tbhepEse aﬂ'm&m‘easﬂ)@l@f ti20 ekaopler erabodiiment; ehé eelective

ffe hi.s d
oD o PEERS P S R o DI BID L e
waghrarmrtebnpI%ﬁeGIi@dorwea:epﬂvaukmbramra |ctsy okagpheBBEr Hi-K dielectric
Bk L o, FIB, G 109,168 B85 BT B bflvon
fagier egmtlmemceItreezslgod@uemsmonpﬁeste@nem ough- hol es 634,
636 for the stubs 614, 616 of the EBG patch

el ectrodes 608, 610, with the overall dinmension of the
EBGIpiiscembedigent. 6ge opBRre afldifional FGEF plengs8heorrreeied to the

grolMdChlase 664 P8 fo ViR ad Ataddle EBE bk, The EBG plane 630
comprises a plurality of EBG patch electrodes 632. In this embodiment, the EBG
patch electrode 632 comprises through-holes 634, 636 for the stubs 614, 616 of the
EBG patch electrodes 608, 610, with the overall dimension of the EBG patch
electrode 632 being larger than the EBG patch electrodes 608, 610. The EBG patch
electrode 632 is electrically connected to the ground plane 604 through vertical stub
e.g. 638. Stubs 640, 642 not terminating on the actual patch electrode 632 are also
incorporated in this example embodiment, and can further enhance the
controilability or tuneability of the suppression characteristics of the composite

structure 600.
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el ectrode 632 is electrically connected to the ground
pl ane 604 through vertical stub e.g. 638. Stubs 640,
642 not term nating on the actual patch el ectrode 632
are also 30 incorporated in this exanple enbodi nment,
and can further enhance the controllability or
tuneability of the suppressi'dn characteristics of the
conposite structure 600. 14 1In the conposite

st rugtthé Q:oﬁ%sﬁé"@%ctbﬂa ED@%Swﬁ,mtli'@Jrgaﬁ panERGdidhdnidth is
rther det e vertical stubs' 638,

640

S PRITODSLEN the HarERLoHaY 6. SRRCO2 TElustRss, and the patch

elétﬁmlst?ﬁmfapalclt@cgt he tﬁgl@taﬁaditaﬁéébb@lééﬁ] Qneglm Ea&Th electrode

el eclr e I oyn ne | e
LIRS Sne it 2Dt masadidiaReR Ik S e e tageously
prpmda’s; daSepamdemercdenntbl oortuniag of theinieniradfsttitee 638t 64@l 642
t ance, urt her nor e t,ne :

indidtfiee, Fhmeliiche PetonlsB4ITHARE Fon, R RrEE B0 1osh B selgtion

of difie sﬂrapes Hiapansiots nertsitto okthe aertisel diulof 6383 640844 cal

stubs 638, 640, 642. The EBG | ayer 630 has a "typical"

capacitive loading. It will be appreciated 10 by a
per st EREG|laved 63Q hasea dypicalhaapasitye ledding h Itfvall belappRREted

byl §yr%rrsc§139klr&9 nﬁme artdh&! &l {h%ybﬁ‘%&f th@élgﬁ@abéyglalé% $UGetic

| uence on e capaC|tance 0 ] ectrode
d!@stztrwtlwn GiE ewyehave sawenifvrndecor dbe foappeitancefofsihenpatch

eléctiRE &30 adhel |§crteé(ﬁ athb Ynaghe8O bt @entWrslicioal rh’at@nﬂl@ Wplcally
increase in the dielectric constant. For exanp

e
asgoCipiegivithy OW%QHEWPE:'”ST‘*@F%% thecdiplgeiaiFicanstaal "ffzj %aw'q dora
tydifdl agRstichtRRtricThgitaidl halingcaebd itei €l tintdiaRigher magnet[c

di el ectric.nateri al he associ ated increase
COF%‘S'E&% &3t ppgnal ‘if%‘ﬁfﬂaFF‘ég?“ S ?S%?é'%%}} ‘QC‘PQ‘E?BT% fd'e""‘c"'"c
coabteut maytcxmﬁbe bye favwhef abowti 2test rnlhe m@guﬁtnbaiueleqmry material
nteri e inclu netic .
o REPGh LG Gt 5 pihRid Aeensid foditfitngre in an
organit edixiatn@xamp ifipdéergentbtionat i on of t he enhanced
i nductive | oading EBG | ayer 606 with the enhanced
i nductive | oading EBG | ayer 630 can al so
adv dheagetinstipn @t dhve dehanced| inductiveilckslingnEBGalayer 606 with the

oS5 B G B0 0 S0 L SHSRSH PR v
W"éﬁ}b@mlnﬁﬁtmweschenatl cal |y shown and descri bed

above wth reference to Figure 6. The frequency

response was neasured across
Figure 7 shows the frequency response of an LTCC SiP composite test

structure according to an embodiment as schematically shown and described above
with reference to Figure 6. The frequency response was measured across
respective via interconnections at opposing ends of the SiP structure (compare via
transitions 322, 324 in Figure 3). As can be seen from Figure 7, for a 30dB
suppression, the bandwidth is exceeding about 20 GHz. At the same time, the low
frequency suppression indicates the superior suppression characteristics compared
with existing EBG structures, where typically a penalty has to be paid in terms of
increased dimensions of the structure to achieve low start frequency, large
bandwidth suppression characteristics. The measurement shown in Figure 4 was
taken from a SiP structure of about 20x20mm, and 25 large patches of 4x4 mm? as
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respective via interconnections at opposing ends of
the SiP structure (conpare via transitions 322, 324
in Figure 3). As can be seen fromFigure 7, for a 30dB
suppression, the bandwi dth is exceedi ng about 20 GHz.
At the sanme tine, the [ ow 30 frequency suppression

i ndi cates the superior supprf@ssion characteristics
conpared with existing EBG structures, where

art EBGCIayérycoamE@t@a'té YhehgDuh® pReepahd 50 %rﬂaﬁirpﬁché% of 2x2 mm as
dlrren s of the str turetosﬁchleve

reased
a%Egﬁ Iayc? ‘Eﬂﬁ’é‘ﬁﬁtﬁ Q?egeow%r G- d @a%ﬁ?ﬁ'@ |8(HII’IC matenal used
wad aTact @rsisteling . taﬁﬁlﬁltlﬁrﬁméﬁ?ﬁﬁ\tgdémmﬂﬂersm fri gmroggagnéc/mtnx.
t re of about an
Trfegtly '83165'?% éfaaih ﬂ'% ' §ye?[évaseﬁ§°g§8§$% UPonnect ed
to the ground pl ane, and 50 snmal | patches of 2x2 MR
t et .
g SR bR, BhariRe gt sl SN pRERRE for Rked-signal
(avalogiandedigite)) bapkeatibnh rigimetd shpeswecordpesiter stedtura 899 for
E@-@ nﬁlﬂﬁfdftéﬁ%ns T el e |t%%n &5%88?)3%%@8%%9 portions 802,

|eI ctr ayer was aro
B%smdaw@at%mrmr@lmmmnots &8n ¢ iapligitaincenpernt 808

re%&é&ﬁ%l? | 418 @'eagﬁé@ @itR GiraRcht Hichidd, kaﬁé’cﬁﬂl\)ec BF b&ﬂ Sloading for the

ure shows a corrp03|te structure
ERG x%aicéqrgna|M%rspPar@awi%nt§ thisy qxae\p&%nwe@me@taépﬂua magnetic

dl@@&flc &<l o | hﬁ(? agg%k' Ql@liec&k):zbaye18942 %@%d?@ﬁ‘{e‘@lg%ﬁsbh that the

nal o onen and conponen

'”‘? gf“?G% '*'Vgrf%a%%%,lsgjr‘uf&fe% 'QEI%W@?'? ?@Mms&ﬂ?&n@‘* of the

coﬁrm@awb me tsltr\aetur@rBObO_t I, WHI_OBSI é]:garétfiditeﬁ hlﬂlat B@iffdréntCémb&diments,

re parti.cular,,.i his exa e nt ati.on

YRR SBiEtind oty raPagte: 2hBOR: [POROH ERrstructure

in Hifgemt 8dcasaaa bedtrbnededuch that the inductive and
capacitive loading is different between the portions

802 f th ' , 800, It .will
e A58 SeratiRd EReaRTRr T el ot HRbbEdoHrno' byt Lree
tec;hmﬁggumamfd@tumgl an of exmiogei vk, implgpaaritatione, Inosuch LTTC

iy 538, LR AL BB e

striigliore gwlusiihau ien§B6x sisudturgs.L Y@Cholee ganodber fyrmed by punchlng or
dnm"\g% @%[O'érde? R3apé afid ﬁ% e, pdtRRHE fq?%élfél%nt EBGIAGE: on

tec nology man uring, g
onpgpEipee af Be caemis taee 805 pPRIcABI: arppodithe dal hbies &y @rinting

or! diﬁ‘érﬂﬁtdg?wntt@ﬁn@@s SBEME YIRS isVindn @St am t1he HoRlsMikkreby
form¥ngp the fliledg vias. Similarly, blind vias can be readily achieved using existing

LTCC technology manufacturing.

Furthermore, it will be appreciated that the described example embodiments
can also be implemented as PCB's using e.g. existing organic polymer circuit board

fabrication technology manufacturing.

Figure 9 shows a flowchart 900 illustrating a method of fabricating a
composite structure for an electronic circuit according to an example embodiment.
At step 902, a power plane is formed. At step 904, a ground plane is formed. At step
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drilling in e.g. a ceranmic tape and form ng the
pattern for the relevant EBG | ayer on one surface of
the ceram c tape and, if applicable, around the dril
hol es by printing or other known techni ques. Stenci
filling is then used to fill the holes, thereby 25
formng the filled vias. Sidflarly, bllnd vias can be
readi |y achi eved using existing LTCC technol ogy

90BRNHH BB EIrigureFMELBRENBHE or infordi irkt BBGAPRAES ieatR Glectrically
t hat, t he descri bed exanpl e enbodi nents ¢

a
anﬁﬁftgpré(fﬁ W AINBESILOT g A 1BE PRYPIS q{auquglgﬂ?%lst%ormed At
st Dg&mnemrrnmretmdymnddle%trfoabyerg atd mbe oBNeleddle said one of

manuf act ur i ng Fi_ qur h | owchar 00. , .
ol BRAET Pt paeifd B PR S anRy ot Selssifio bepive loading
ofShe BBGsteictuwe. an el ectronic circuit according to an

exanpl e enbodi nent. At step 902, a power plane is

formed. At step 904, a ground plane is fornmed. At step

16 A0ethanofERGessuppoissiop usig adomgositeestorcturerfer 4n elsttronic

c:r’é&@ ,R| H'%Rafm féheﬁ‘llbsg f'r[éﬁ]? EUSE¥ setdHiDE CiEc?Lﬂ: é qoe%]ﬁg 0Jf an EBG

nor e st ubs t one power or ground plane
stiugtuie tprmag in theaengosite éfnl@t'dﬂe more magnetic di eI ect ric
| ayers are forned between the said one of the power

or Wh@%cﬁﬂ)@@ﬁarﬁﬂg ér’?@ocfu‘néﬁt% cFa'ﬁ(%LFHp?é& hteq:!'ropagatlon o/& the

sel ective inductive | oad ng% 5 of the EBG struct
switghing qoise ygirewdieg p?p?"@@§? hé‘é‘ﬂ@]@ wyde @‘fﬁ»ﬁ@%nqyéange a”d with a

|owtgtu.¢.hgrfeethc@n 18] &6étirRNLssiged rf@ruaﬁalb@ ETL am@pb@pncauons
es selective inductive | oad |ng of an

ty@ﬁ'ﬁgb% PEV?"E)Eﬁ $EBARHON Rbthegied @nd aggioggrgH COTGO"I%S has to
bediast narbedjuena;m% ﬁigi’ll Iiﬁtﬂﬁétr%%b&atéﬂl’wiﬁugw @gﬁaltégﬁtchmg noise, io
ropagati on o e  SWi rovi din .
2B B P e T oy S, e albearan Srhe digial
swiitohing treissl ergerily ejtypivally abmtetnnsttrmersghldasn s féroanau@Istgyuals,
and st EBnpBRE Sk R exishid RS, 1 PifRiier appications
hag dywicailgriteenias. tWiithl thebdeskaiped bmrgp!echmﬂoddamderhe, by providing an

imBRYES & ag%fefeésg)ﬁqgehwaa#a ishe d gllan%Eg@% g&% goa%eifvgoﬁh 3 low

exrst Ing la ruc ure
statiing fregugnsy. withgediggidt dmenswns,cauhr@anmogmoeaeir dsnsity can be
redi¢Rycal |y about ten tines higher than for anal og
signals, and thus the conponent density in existing

desi gns for m xed-signal applications
In" the described example embodiments, the implementation of magnetic

dielectric material to increase the stop band significantly can increase the EBG
inductances significantly without a) increasing the dielectric thickness, and, or b)
reducing the stub diameter. The suppression bandwidth will be widened and the start
frequency will also be reduced. By reducing the stub diameter, the inductance can also

be increased but there is typically a finite limit constrained by manufacturing processes.

in the described example embodiments, the EBG patches or electrode can be
selectively capacitively, inductively, or both loaded in different areas of the SiP or PCB,
allowing specific desired loadings around sensitive circuits, convenient signal via

transitions, or both.
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has typically been ow Wth the described exanple

enbodi nents, by providing an 20 inproved suppression

characteristic, i.e. large suppression bandw dth and

low starting frequency, with reduced di nensions, a

hi gher conponent density can be realized. In the

descri bed exanpl e enbodi nenfl§, the inplementation of

magnetic 25 dielectric material to increase the st op

band significantly can increase the EBG i nductances

significantly without a) increasing the dielectric _

t hi cRifisdescabrgl exgmnly em%’%‘&ﬁ&i“ﬁd""f%“%t %fb'”tﬁ?%m%‘tt%tlo“ of gehi-K
dislBgd estdrianakng dvdgiielc Welektrib en e e ReRtHenta tiagifisdriicrease in

freguen i1l also be reduced. By reducing the stub
th%?@ﬁg?@$¥é¥$&9q1 gtance can al so be increased but
there is typically a finite Iinit constrai ned by

manyf uri n 0cess escrlbe anp

mod fien e toRl SERPES cmnadmisie, M SERERER FEAPdSiectic
m&etiaés;tfdmﬁadampteam|rthagv|eilcyd|electdm crlatenelsylpssyrHrbbddalebtuadatbnals N

dif

or bBth hfeI S?Jpgﬂatsnd F%ég%% o%hm&ghgly ?lrc(%?%%d Sﬁ%lctulﬁa\t; '([eh%\é}qops% at enuation

convenlent signal via 35 transitions, or both. 17 In

t he

e ORGP, SRASATERL: YU Nk Gy e
NafRYTwisecsuppeEsaien Pﬂﬁdv‘ﬂﬁﬂ“e\‘fypﬁﬁ”w rjew APtz gand it start (fr@ﬁpency is
tydichy 8B&R 4 8Hzt he stop band can be achieved. 5 In the

descri bed exanpl e enbodi ments which inpl enent | ossy

dielectric materials, for exanple | ossy magnetic

dielectric materials, lossy H -K dielectric

materials,” or both, the stop band can be

significantly increased in particular the noise

attenuation. 10 Conventional EBG designs, as reported

in the public literature, only achieve fairly narrow

noi se suppression bandw dth, typically below 7 G4z and

the start frequency is typically above 3 GHz. 18

CLAIMS 1. A conposite structure for an electronic

circuit, the conposite structure
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conprising: 5 a power plane; a ground plane; an EBG
structure including one or nore first EBG pl anes each
el ectrically connected via one or nore stubs to one
of the power or ground planes; and one or nore
magnetic dielectric layers forned between the said one
of the 10 power or ground pPanes and the first EBG
pl anes for selective inductive |oading of the EBG
structure. 1. The conposite structure as clained in
cchAmisn 1, wherein the nagnetic dielectric layers are

patterne such tha cture ex

di ffler en?‘ CHBPING & HF%e F{)éaFﬁﬁf%OH‘CQQWFF'&%‘?1{3"'5%50{2? Pructure
cdriyrist@rposi te structure. 3. The conposite structure as

cl ai in,claims 1 or 2, wherein each EBG pl ane

Conpa?}fééimegparﬁ urality of EBG el ectrodes, and a

di starground planef the EBG el ectrodes is chosen to

Z?C%ﬁgggghgtg%lt e }F\@G&h@ OQ,QSO,-b,%E,Vgeﬁ,JQt E%% Slal‘?\8§ %%ﬁseb%%a”y

ure as
copnested Niaganehor nEtB@splt&rte 006 wpthesmsvea opbrouatiplanesf arEBG

el efotnéodjr%orearﬂggﬁet% cﬁ%@?t{ﬁetlée@s %m{eﬁeoé%ﬁ&n HeLELib B the

is chosen to g}sessn
PONPAICA S @Mdswlﬁ@@ aieft the irsbEBR plapgse SQfeCtlYfé"’@Uﬁfp@slpﬂémg of

th§E|B@;:§tHjcgjr925 5. The conposite structure as clained in
claims 2 or 4, wherein the different areas conprise
respective areas for analog and digital signal

processi Me Bmpbbits SPIIRIGE! éseclﬂﬂédchtm@maﬁ \ﬁlﬁeﬁélﬁ&ﬁe Infagnetic

one of the precedin 30 c| ai ns,
S 1Yy Bive PBRSRER o, 0 WEEHG CUHEpEr xiediteren
indugtive Riadingen diffeheit afze ddthd denpeamestractugs. ound pl anes
and the first EBG planes for selective capacitive
| oadi ng of the EBG structure. 19 7. The conposite
st r 3¢t ur Fhasconipmisitee diructuanys afemed it h:m"ps eiced2ngherein each

Eés‘d'\é?(l)aﬁg’ %ergﬁ%igm%eél gag Eq Eéé %é{ro%es ngndJ ged?stﬁgﬁlogrof%’é EBG

electrodes is chosen to accommodate via transitions between EBG electrodes.

4. The composite structure as claimed in claim 1 or 2, wherein each
EBG plane comprises a plurality of EBG electrodes, and a distribution of the EBG
electrodes is chosen to provide different suppression characteristics for different

areas of the composite structure.

5. The composite structure as claimed in claims 2 or 4, wherein the

different areas comprise respective areas for analog and digital signal processing.

6. The composite structure as claimed in any one of the preceding
claims, further comprising one or more Hi-K dielectric layers formed between the

- other one of the power or ground planes and the first EBG planes for selective

capacitive loading of the EBG structure.
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electrically connected via one or nore stubs to the
ot her one of the power or ground planes. 5 8. The
conposite structure as clained in claim?7, further
conprising one or nore further magnetic dielectric
| ayers formed between the said other one of the power
or ground pl anes and the sed8nd EBG pl anes for
sel ective inductive loading of the EBG structure. 10
?.h The cmgpo&ms?%rstﬁk%m@tﬁas cilimbaad ary aﬁylanmeoﬁrecedang
he precedi.ng ains, further conprising a los
clajfEe MBTE B BB SIS S| FEIITOR TroBd RG Plepes each
elbctachlg @onihedide vieBher ittt Wiubs td thelSthed lige 60tAP @divkEor ground
istfucture as clainmed in any one of the preceding
P75 s, wherein the conposite structure is in the form
of an SiP or a PCB. 11. A nethod of fabricating a

it t t t i C.Ci it .
O S A R e LSy b o
orphenedurthéronagnegic aligeadim tiypisafosned betwiceg the s&BGther one of the
! bt . | _
e e
of theEBGV@Ce.gr ound pl anes; and 25 forning one or

nore magnetic dielectric |ayers between the said one

of the s_ovver or gtround pl anes and the first EBG .
pl afes f dPesereRASY estiusiie tasy slaimediinaryr ong i thg@receding

clditns UfHHEEeomgrisind 8 Id@% {i‘r%ie@@ fé‘rllt %rfﬁﬂ%(t)th& t&hrﬁ{uﬁ@ivlel@r capacitive
erning the magnet i c

'c’{HLiJéQF gﬁ%?%@%&%sﬂgh that the EBG structure exhibits
different inductive loading in different areas of the
TR BB ARt Bk T L s s

clagﬂge,cxlvheirdmsme aoshpbdite steiched id ivthd rmadFprSiBes adF@msi ng

11. A method of fabricating a composite structure for an electronic circuit,
the method comprising the steps of:

forming a power plane;

forming a ground plane;

forming an EBG structure including one or more first EBG planes each
electrically connected via cne or more stubs to one of the power or ground planes;
and

forming one or more magnetic dielectric layers between the said one of the
power or ground planes and the first EBG planes for selective inductive loading of
the EBG structure.

12.  The method as claimed in claim 11, further comprising patterning the
magnetic dielectric layers such that the EBG structure exhibits different inductive

loading in different areas of the method.

13.  The methed as claimed in claims 11 or 12, wherein each EBG plane
comprises a plurality of EBG electrodes, and the method further comprises choosing
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a distribution of the EBG el ectrodes to acconmnodat e
via transitions between EBG electrodes. 14. The
method as clained in claim1l or 12, wherein each EBG
plane 5 conprises a plurality of EBG el ectrodes, and
the nmethod further conprises choosing a distribution
of the EBG el ectrodes to pré@ide different suppression
characteristics for different areas of the nethod.

a dhtrivlben & tHOEB@SeI6dtRIdEE do iadcrhRbiBte Wia Bandiffons\BSVRER EBG
%e different areas 10 conprise respective areas for

SleHAd9Ss and digital signal processing. 16. The method
as clainmed in any one of clains 11 to 15, further

et iden e Beed B RO dp HFESRHSHIREG Plane
comqiliseba durakty ocEBBGE|estesiet gindstek mthocefwlapaoom;bms choosing

re
= LPAPLIG B me h MR 14 MO i SRolBI e
fomﬂiﬁerEBt}lrsasof:therreethMI udes form ng one or rrore second
EBG pl anes each electrically connected via one or
nore stubs to the other one of the power or ground 20

pl arfés. T8e mateodies Aletmessinalizimeei@ arr 4c waerain the differenteareas
cof RIRE kSR irdhd fbr AREIoG and IR SilhdI pRScaIBARE! | ©

dielectric |layers between the sald other oné of the
power or ground planes and the second EBG pl anes for

sel ggt | Vq’henﬂefﬁoHVSs |dPé’lﬁ|\'e89m0En§ hﬁhe %5 (fﬁlﬁss‘i’f L{Qt *115 efurther
19. The nmethod as clained in cl ai ns

comprising fRURg OpS oh FYS ﬁb“'ﬁo?"@\?FHiCrl@Veé{S Ibss"ée;?“ntﬁ? &F'Peélonﬁd?f the
poQ@ﬁbF Rt e dndidtHe HitstaEBIE phied Gor daléttive @aghdiivedbading of
th EEGq tructure. 30 20. The nmethod as clained in any
BhE“OT L<L5f’rrs 11 to 19, wherein the conposite
structure is in the formof an SiPor a PCB. 21 21. A

rretH i. n0| ressj.on util |

Str 08t ur EnF Bt P BR RS R aniticng of Ao RER uictein forming
the dEREi strunguner owiudien gfosraingc bhg eoi maeret semnkdo &BiGh gplaiesareach
electrically connected via one or more stubs to the other one of the power or ground

planes.

18.  The method as claimed in claim 17, further comprising forming one or
more further magnetic dielectric layers between the said other one of the power or
ground planes and the second EBG planes for selective inductive loading of the
EBG structure.

19. The method as claimed in any one of claims 11 to 18, further

| comprising providing a lossy material for contributing to inductive or capacitive

loading of the EBG structure.

20. The method as claimed in any one of claims 11 to 19, wherein the

composite structure is in the form of an SiP or a PCB.
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EBG structure forned in the conposite structure. 5 22.
The nmethod as clainmed in claim2l, further conprising
providing different inductive |oading in different
areas of the conposite structure. 23. The nmethod as
claimed in clainms 21 or 22, further conprising
choosing a distribution of BBG el ectrodes to
acconmodat e via transitions between 10 EBG

el eqtr od@smetibd ditig@élipfesorcliisifgth compbaietAikt@e for an
22, further con‘&gl&l n% Ch'OOSIéq%' a distri, Htl.on of ,EB%
elegtionis ¢pud, thg Priood GaMErFng P dig@ﬁﬁlp@tgﬁ iguctive loading of an
ERbafractusy foshéd b the com@biifecdterturar eas of the net hod. 15
25. The nethod as clained in clains 21 or 24, wherein

the different areas conprise respective areas for
analazg amtedingtHod! as icigi@kd pinodeias i21g.fu@ter ddrepniriridh @doviding

.as cl.aj [ i of, [ ) , er 20
i Putie iRl AR A s e il ng o

the EBG structure. 27. The nmethod as clainmed in any

one ff claj t .28, wherei n .t he Gt r r o
i nclr‘%desl-rgles gﬁ]%gdgEB%aﬁ%éfu%&%?g@ Z?thﬁ%%hggngrslsmg
chepsingraisibalion oneBGfeledizodas t@ @aceanpedataiia shpsitigns between
EEQERReL4S& structure is in the formof an SiP or a PCB.

24.  The method as claimed in claim 21 or 22, further comprising choosing
a distribution of EBG electrodes to provide different suppression characteristics for

different areas of the method.

25. The method as claimed in claims 21 or 24, wherein the different areas

comprise respective areas for analog and digital signal processing.

26. The method as claimed in any one of claims 21 to 25, further

comprising providing selective capacitive loading of the EBG structure.

27.  The method as claimed in any one of claims 20 to 26, wherein the

EBG structure includes a stacked EBG structure.

28. The method as claimed in any one of claims 20 to 27, wherein the

composite structure is in the form of an SiP or a PCB.



