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CAPACI TOR Bafigkeynd  The invention disclosed herein relat rally to
el ectroni c packages and nore specifically to an el ectroni ceﬁ%ﬂﬁg@é"ﬂ‘t h an

I nt egr at ed capaci . El ectroni c packages facilitate the nounting and
handl'i ng of el ecéﬁwmc H INDEGRATED €APAGHEORoNt rol | er s
and nenory. Tape ball grid array packages (hereinafter referred to as TBGA
packages) take advantage of the fine line capability of flexible circuit
technol ogy and of fer superior w ringBdelgbind and wire bond sol der pad
density when co%ar, ed to rr_a% ot her, types of el ectronic package
constructions. 16¢iBNEier displesed keacigielaiss genemjlydolelagtonigpetkages and moim

current TB wer. an round .di stri.buti on capability is [imted
when corrpar%éﬁ ?vmi_ !ﬁq‘?rugi‘f’i.%?ﬁ’%%i’a‘gﬁﬂﬁgwﬁ ap inregiated (PRAGHAr| grid array
packages. CapacplétondiRckiRd iR Rbe i CarnARhAIRd SRRy RIDP! Y
fromindividual electrical devices of an electronil ¢c package. coupl i ng of
an el ect r ostiah asevicoeprécessors, videokdntrollers asdimeimgry. cThpedsalltghie g patkagaei se in

t he power distribution network of the el ectronic package. However, due to
i ncr eases ﬂ?"rr ‘T:lH%é)?5%@53%%3%1'%@&9365‘!8%%@33@% Bﬁih&%@& lige capabilighi-of peed

o sase: ! Py o o ) 7
Sdequate pEERtlEaRuidatblde il o3P RS wib UL A Bind RIEE RS os o
capaci t or s demsitybitien dofgiatedt @hatlyl PRer @y pediod BleStPRAE packhps drEROARRS, | nduct ance

in an 20 el ectroni c package chokes the capacitor, preventing the high-speed
transf &9 offosvexen, bpegaise oktbe single lnyeranchitectorn inlcurreatpERGA packdaeh gobsven gnd

capacitors directly, into the.electroni ackage rovi des significant
decoupl i ng gﬁ%ﬁééﬁ%ﬁ‘&%"%”?&"’@é’r? ngivﬁpgrce@ﬁ'%@at“ﬁmw&'éﬂﬁ%ﬁaﬁﬂﬁ er nor e,
the el ect .odgs: Bdn éﬁgaﬁgsp?&gkg ;. My serve as reference voltage planes in
the el ectronic 25 package tor %gsovi di ng excell ent power distribution within
t he package. ThiCapagiforoactused acddcotiple e system-leve pospethpbpfontihividubl

el ectronic devices within an el ectronic package. U S. Patent 4,945, 399

di scl oses 5%%%3%&&@? ay cleskrnig @%?-nﬁempﬁm ebpmtlecironicifesicy femdhie

capaci ter. | Lrcuit havi . netal .l ayers with a

di el ec??i c® Eglgglrer ngehjﬁegﬁ h%?n\?c%ﬂ?ﬁﬁ;%%nl{gﬁgogg dﬁ%ﬂ%ﬁ%‘?&wgﬁ}%ﬁﬁ? ncl udes

si gnal traekstrand pabkaae. BlooavERdEe 1/ inERREth B88pald dnhRldrRical clrirer serves
as a second electrode. A capacitor is formed in areas where the el ectrodes

of the firgssoghitedowithhighrapeed eleetyanic desiees) tagslitidiaheapacitor structures do not

provide adequate performance because the inductance associated with these types of

capacitors inhibits their operation at high speeds. Interconnect inductance in an
20  electronic package chokes the capacitor, preventing the high-speed transfer of electrical
current to and from the capacitor.

Embedding capacitors directly into the electronic packages provides significant
decoupling capacitance with very low interconnect inductance. Furthermore, the
electrodes of the capacitor may serve as reference voltage planes in the electronic

25  package for providing excellent power distribution within the package. This approach
facilitates very high-speed operation of electronic devices within an electronic package.

U.S. Patent 4,945,399 discloses a pin grid array package having an integrated, |
distributed capacitor. The package includes a circuit having two metal layers with a
dielectric layer between them. A first one of the metal layers includes signal traces a.ﬁd

30  anelectrode. A second one of the metal layer serves as a second electrode. A capacitor

1s formed in areas where the electrodes of the first and second metal layers overlap. Pins



WO 01/56054 9 JUL 2004 PCTI US00/ 14414 are situated w thin apertures.ghai sn
extend t h{yggikehdle various layers of the circuit, including the

el ectrodes. The area of the first metal | ayer of the circuPFTUSMI4HYed

bet ween si gnal r(aut.i ng and el ectrode regions, limting the capacitance of

t he capacitfoftvaled vithig apertges thet paenddleough thewasions hayersusfithecirauit, expensi ve

t o manuf ac t 51th IS breaching the e] ectrode |ayers,

this type%@%ﬁﬂ%ﬁ?ﬁg% fléedﬁﬁ%gﬁpﬁﬁﬁ\%‘?tﬁjyeé O?g'%i’rﬂ‘@il%tdﬁé@qeér a given

si ze packagtveel sipnaPajubié afd PR &y ; 1 t..al .disc a .

mul ti-layer ci r_c%nt packgage havﬁge%%n%%ggégﬁtcﬁ Erllmglh%n%) fé‘%gg%l?"%?f: The

package i Hepindmisl arrayl peakagetofishis comatuction Bxpwisive 0 aghutiRare! Alded6okes

being Lntercannected tqQ a_ corresponding el ectrode of the 10 capacitor. In

this mann&i€ PR regé‘}&% ecdpcteods jayersa Pus ype oEtanfigutationdedures theravaildtde . The

capaci tormcgﬁarcﬁ&ﬁéérf‘ér g?ﬁ&h%ﬁgg’a&ﬁ Ehi s reference does not address decoupling
r om a seni €Ol

of the po supply fr E8nduct or device in the el ectronic package.
Furthernore, b&LSLBMem 5,EB7025300 ¢ AhfFel 4185 dRSLVRS MmhRE &F}gfc the

sem conduct or device, substantially long conductive a?ea \lbl\n&%el%l&ggd

conduct i v&2YiRg 8o gmbeadessthindilancipagitarh ribeghackage inrdudes atleast tho sing] e r ed
to conneckvighh(% em c?ﬂjguctor device to the el ectrodes. The Ien%th of these
| ead wi r eS 1PHEF8 858 Of K GOTS5 PERS IHIER0BRS IR RGONGSRINEING Westrade af theer f or mance

| MPr oY@ MeRkSacREL VI ohn i T . I of coptr ing the
el ectrical I?:ﬂr(\:ar a\é[ltnce*rﬁigst i ctsaﬂ?i?&%ag&étc Er’%%ﬂ:e %ﬁ%‘f%g‘gegi C&@Q‘t@cﬁﬁﬁ HQ‘%%‘*
critical sspactter speturt disgloseeidhisfreferact 406 bt G@Ie &R chBNIRAT: poig 20

i nability of ag@el ectroni ¢ package to neet the required el éctrical current
demands ofURRY fomsa semisprdustaridewice dxthetedeciTonic pacikngas Forthermane, kietduse al t age
drops w thj . i ackage. .The use of capacitors in electronic
packages ?g%ﬁ%\({}bee#%ct{eﬁg&g%e &% angrtg?t %cmlﬁﬁé'ﬁoa_ﬁawgwa ﬁmﬁ}ailﬁ'ﬁ?llﬂjft i on
noi se i n_comiietive kaalwials ehl oM Patiaa KON bRl BRSion GOYRYE oord! T OF
sol utions for using capacitors to reduce noise In €l ectfonlc packages and
25 pridr @raevire todwshem sherewicqudostordelicenioythd ¢lsttteids S The bmpth fithesee Wit h
hi gh- spee el.ect.roni c .devi ces tiln el ectroni c packages. Prior solutions are

also lim ?e&q WiHeSHREERsendyGianse, therepy taduging gk ¢loemcal pedformancs | ow i npedance
power di Shhb%&ﬁl@ﬂtsi’%ﬁ%ﬂfthwﬁéﬁg& cavity-down wire bond el ectronic
at” i's needed

packages. Accordi ngly, Is an circuit assenbly construction

that offers anTh3Gequmneni 6donarollingahe alebirialtRhmeteriSHii et Ric\HabRipel O
hi gh- speed devi ¢ces of el ectronic )
1s becoming more critical as the operating speed of electronic devices increases. The

20 inability of an electronic package to meet the required electrical current demands of an
electronic device results in noise associated with voltage drops within the electronic
package. The use of capacitors in electronic packages is known in the art to ameliorate
power and ground distribution noise in conventional electronic package configurations.
However, prior solutions for using capacitors to reduce noise in electronic packages and

25  prior capacitor designs have provided only limited success for use with high-speed
electronic devices in electronic packages. Prior solutions are also limited in their ability
to cost effectively provide a low impedance power distribution structure in TBGA
cavity-down wire bond electronic packages.

Accordingly, what is needed is an circuit assembly construction that offers an

30  economical and versatile noise reduction solution for high-speed devices of electronic

packages that overcomes the shortcomings of previous solutions.



packages that overcones the shortcomings of previous solutions. -2 V\l!_)g JUL 2004
01/ 56051 w@m}&yg52004 ~PCTI'USO0/ 14414 Sunmmary The present F!FSMI o1,
generally provides a circuit assenbly construction for con | b

i npedance in an el ectronic package. A large scale, parallel-plate capacitor

i ncl udes two el ectrodes separated by SWBPaYectric naterial. The el ectrodes

5 f f th | ect [ k . At | t
one of the ol eoroiesteihRBEPkAIETy Moyt frifiaSapi brttatlion b | °°°
accessi bl ecdntrolling if@etimte $h &€ elRErdli€ p&XRAET AYrge scdle 8%@@1‘-; LR cabacitor

positioned with a first el ectrode nounted adjacent to an 1hterconnect
circuit poneludes o eleprades saparédcbypadiekegtric raterihle e ehdcrodensene agor ti on of

the el ectronic acka is electrical]y connected, directly or indirectly,
to one%gr ‘r‘fgqreélc&g’ oﬁﬁ%egﬁﬁ%‘?f‘tfgbg’ééecﬁfemﬁfpa@?@ec &b dgastane. of fthe ¢lectrndes sy red f or
only one t 3 1 S _also referyed that
theysi ze gé%{e g%ﬁfs}&%ﬁgtﬁ?%dﬁ%o ﬁ‘to ?u% %gf‘ %%str@é @[g)ﬁ‘e%mgnm%ioﬁi e“Pﬁ%{‘”-

reduct i on Tire ¢dpaciefrfiepssiticnedapiara fivsh eRcRbde hBuRaDAGhdeR torRtnREQphag for a
short interconnect distance between the conductive trace |ayer of the

circui t andrcul@ortianidhe plectionio package.t o elictonicdewse pBiomaif theailedtrogica shor t

I nt erconnect, di st anc he assogi ate | nductance is reduced, The

capaci t or spa§F%geplF Sﬁéﬁ'&ﬁ%%ffﬁeﬁ?@ ‘%fﬁ (e 39%1"5? 8n¢% OiAoReRIAbS elgeizodes
Preferyed ofdh€bfakfis:c Materials for the capacitors include bariumtitinate,
strontiumtitinate, and a polymer blended with high dielectric constant
particl es such Hss prafdrehfor onlpahe of thertivokle2oddsrto b ipatierhéd. i Magfso ti t ani um

oxi de, |ead %I rconiumtitinate and tantalum oxide. The capacitance of a
typi cal t hPRieriep hat thg sirs and qomfiguration o€ e pattermed elsptredsoninimizemthesg. cm to

about 100 : il circui.ts are preferably tape ball
grid arrfayﬁg{@g}aﬁ '%is% %%@?%HggEﬁag%?e%&al?eeﬁaégﬁof En‘liﬁ‘(?&&ﬁ'.éa ?lé(z}/‘brs. Preferred
di el ectri Cintessrineat distahdRIbetvieen thé E6rRRRACTacedByes bf Hdldirtuit AR HEGeRMdnE de
and polyester filnms. In one enbodi ment of the present invention, an

el ect rbni cofhe kug elermedasd By maintapmuig e shareinteracrmetiadistandeathengsaidtéd st si de

and a secon I de.. The conductive trace layer is patterned to define a
plurality ﬁau%ﬁ?c@rlﬁfﬁﬁﬁéfé‘f pads. A dielectric substrate is mounted on

The capacitors are preferably thin-film parallel-plate type capacitors. Preferred

dielectric materials for the capacitors include barium titinate, strontium titinate, and a
polymer blended with high dielectric constant particles such as barium titinate, barium
20  strontium titinate, titanium oxide, lead zirconium titinate and tantalum oxide. The
capacitance of a typical thin film, parallel-plate capacitor is from about 1 nF/sq. cm. to
about 100 nF/sq. cm. |

The interconnect circuits are preferably tape ball grid amray circuits having

flexible dielectric substrate layers. Preferred dielectric substrates for the interconnect
25  circuits include polyimide and polyester films.

In one embodiment of the present invention, an electronic package includes a
conductive trace layer having a first side and a second side. The conductive trace layer is
patterned to define a plurality of interconnect pads. A dielectric substrate is mounted on
the first side of the conductive trace layer. A capacitor including a first conductive layer,

30  asecond conductive layer and a layer of dielectric material disposed therebetween is
mounted with the first conductive layer adjacent to the second side of the conductive

trace layer. A plurality of interconnect regions extend through the first conductive layer

-3-



the first side of the conductive trace |ayer. A capacitor incl udi ng a_g‘jjmszf]m
conduct i Wpolo¥éls¢ 30 a second conductive |ayer and a | ayer_of dielectric

mat eri al di sposed therebetween is nounted with the first RGO+ | ayer
adj acent to.fLhe.gsecand side of the conductive trace layer. A plurality of

i nt er conn®d &'ﬂ"'gﬂﬁﬁ%‘?@c @ﬂ“@'ﬁ’g 13y5F ofiths capasitpr. r An internoneci membenyis condcte@J UL 2004

WO 01/ 560 4 A dielestric mterjal |ayer_of the
capaci tor?%g%éeﬁ%#nec C%{ea%ﬁé%ellageré Sﬁﬁjééf‘%a&lt%ﬂl eTresRoMling set af thene

conduct i vintérayrarest pddst The Gtaoniedtivanaed oMk aac f%ang Lot
interconne%stpads. The first conducti%,e Payefﬁl?)a? t g%ékgpamlgg?émgtcdw

el ect ri caf Byt ehitfdbe aderconnest padssind diat seobnd dvedinetiverigen 6E te apaistopRd t he
secon§ co%lg&ﬁtc' e Ilﬁéer gf the gapacjtor is 5 electrically connected to a
second set 0 eS9eated ?lﬂé%ctonéé ot the mtgreanaeetdade cThe imtsreanmect

cor r espongiefhetsQ®: q IOt e nect s_extend through one of
t he interconﬁescto}ljrég%i ons. &ﬁ%%%cg%dg%bogﬁ%ﬂ e5¥£$‘ﬁ§“ﬁé?@ﬂ‘t‘gh thén

provi des Baeredbmeti@gionspackage including a conductive trace |ayer having a
first side and a second side. The conductive 10 trace |layer is patterned
to define a pl {ater pmgpdiment of twpeesentiavention prdwiddshhelatirohe patkage SUDSt T at e

I S nmounte . | £ Sk sjde .of the, conductive trace Jayer. A flexible
capaci t Or&c%%}aﬁ?%%d'ugﬁﬁ #gtfe lé%ﬁgﬁﬁ’ﬁlig andz4 seg @ ohefLreniduativeay er
and ad ayescedhydiepatdrhécto JERLHER! aﬂig%ﬁ%' t 4 upted with
the first condﬁqtli ge rayer adj ggé%%r i theglqgﬁeﬁ(}g%ﬁggi \ggﬁ%flt’lt%ﬁlgeq%c&%luct i ve
trace | aysubstrateps moahiedyonche firet gide of iecdondedgive I&&c@h?r&r.ld% Hexiblv @patiot e

first conductive |ayer d’;\nd the dielectric material [ayer of the capacitor.
An intert§ ah%%ﬁ%’i‘ Yclive (RYSE @tseepndaondentive tayir e lafer dfalidenidect | ve

| ayers of : ' rre ngli et of the.interconnect pads.

The fi rstmrg{(}ﬁiglu%t %Hﬁ%{}%{?&%?& #ﬁ%o@i%g‘&%g]gq?g copdvative dayer gdisesahiathed to a
first setsabnd bide oftiRr @REBANE (RRE3ay3R0A G a1 F ' r of the

capacjtor is electrically connect efto a sectgndgggrtcsﬁbqyﬁe?%ge%%ﬁr connect

pads. 1oThetlireigtthe fing senduntive layec end theplisletitigmaterinhiayaafohdcapeiit®f An

I nterconn ads, extend. t hr ou one of the interconnect regions. An
aperture g%%‘ﬁ §°EWF’5’§§WSFHEI’%9% Ytvesneach pus ofthe condugtemlayers oftheh one of

the integ Eﬁ?&%d&a&?resﬁbﬁh%#e? Bf 13 iﬁ@%ﬁﬁeﬁ'{ﬁ%évl? %E?ﬁist%%b&f@% }eatg?lbt ° e

second conductive |ayer” of e capacitor. ce recel
formed t hthswgbacitorisdiledtecdllyi onRéctedtosd first St of 1he ipeROMECL yalslmads | ayer and

t he capacitor )
second conductive layer of the capacitor is electrically connected to a second set of the
20  interconnect pads. The interconnect members corresponding to the second set of
interconnect pads extend through one of the interconnect regions.

An aperture extends through the dielectric substrate adjacent to each one of the
interconnect pads. A stiffening member is mounted adjacent to the second conductive
layer of the capacitor. A device receiving region is formed through the dielectric

25 substrate, the conductive trace layer and the capacitor.

A further embodiment of the present invention provides a method of reducing
impedance in an electronic package. The method includes forming an interconnect
circuit having a conductive trace layer patterned to define a plurality of interconnect pads
and a dielectric substrate mounted on a first side of the conductive trace layer. A

30 capacitor is formed including a first conductive layer, a second conductive layer and a

layer of dielectric material disposed between the first and the second conductive layers.
A plurality of openings are “.tme¢ rough the first conductive layer and the layer of

“ _



A further enbodi ment of the present invention provides a method of redugingy

| npedance y§ ¢fR ectroni ¢ package. The nethod includes form n
i nt er connec c?org'lc‘:ui t having a conductive trace | ayer patt%ﬁ%oﬁb‘”&éfi ne a

plurality of,Interconngec ads ,and a_dielectric substrate nounted on a
first si de8‘8¥e°?fh%m8’i§ﬁaﬁ%{ ‘ihg Sanacyerctodefing a plaralty ebistereansectiregipuy. e

I ncl udi ng | ; | l: ecanad..con tive layer a a |ayer
of diel ect %@bﬁiﬁ%%ﬁ%%ﬁéglgéﬁx%é%@%%ﬁuﬁm ﬁg%ﬁﬁaﬂﬁ?@w g’é’ﬁh&dtbﬁnduct i ve
| ayers. Acapavited ddjacenf toaPRBbRDSIOE£hE %ﬂ&@ﬁ%&%&@%}.h?@fﬁtwﬁﬂ tive

| ayer and the |ayer of WO 01/56054 - 9 JUL 2004 PCTIUSOO 14414 dielectric
mat eri al ofayehef e gapsciter istedectrically eomnepted mathi 4 firsoset ofitterinwerotedct pad @S .
The casoac{qteor i S m)ngnt ed on tl}?l'g:lr nt er.copnect .circuit with the first

conductd veCAFEIafondnehvelayer of fhe capaitor pledtrirally capnastedsyiden sscondest of
conduct i veiHeligfefconf¥&pagd Ne first conductive |ayer of the capacitor is
electrically connected wth a first set of the interconnect pads and 5 the
second conduct i The falje@vingferitihacairabl@ning meahidpt WheRbied Hepmpected with a
second set of the interconnect pads. The followi ng terns have the

fol | owi ng meani Ags wid tersedargsseale capreitarf sefexsttorn chpacijer hetdirumagriteistaor
refers to Itor th circ crihes.a,  significant portion of the area
of the condticti \%@tgofég%of%é’fga °2?°"$H‘"envteé¥aﬁ?%tyﬁ‘7'n filmcapacitor" refers
to a cgpacitor pncl ucye Gl P | : 100

m crons and a dielectri geﬁyer %%?érﬁpgélgo‘rflsfbg?r?lt&eﬁggﬁﬁ@@ﬁﬂ@%@?&&%

"i nt er connbaving atlickness pEiess thah d 0@ micronsiard o dielecteiatayey 20 eMErons @rlessnd and/ or

i nformati on signals Qlf;*ean el.ectronic device to a next |evel of packaging in
an el ectronic system

oo Snterepnnect sirguit“mfers torafircuider rovtimgpewernduct ance”
f t ' : b at ] . of . int t struct
a1 engt nEplBOE ESRAEIAH Fébald drin bRt R 1d RS TR Sar B G0

and an el eai eledirénid@yétem drapparaeect roni ¢ package. 5. The term
"interconnect region” refers to an opening formed through a first
conducti ve | ayeft and Thedem Siptar¢annketymducthee refepstoiibductante pssaciatet twithof

Sol der ba | HRavEe SitECRRES S En il P of By aReispuRTe SKUGHEPEOIe Eitn be
e, L o flSinieSESangRe ARSAl 4GSl prRRCIal el {1 S 0E
t hi n- 5. The term “interconnect region” refers to an opening formed through a first
conductive layer and a dielectric layer of a capacitor. A plurality of electrical
20  interconnects, such as electrical connections between solderball pads and a second

conductive layer of the capacitor, can be made through an interconnect region.

Brief Description of the Drawings

Figure 1 is a plan view diagrammatically illustrating an embodiment of a thin-
film, paralle] plate type of capacitor.
25 Figure 2 is a cross-sectional view taken along the line 2-2 in Figure 1.
Figure 3 is a cross-sectional view illustrating an embodiment of a package
including an electronic device connected o a thin-film, paralle! plate capacitor through a
conductive trace layer of an interconnect circuit.
Figure 4 is a plan view diagrammatically illustrating an embodiment of the solder
30  ball assignments relative to the interconnect regions of a capacitor.
Figure 5 is a cross-sectional view illustrating an embodiment of an electronic

package including an electronic device electrically connected directly to a capacitor.
-5-




film parallel plate type of capacitor. 25 Figure 2 is a cross-secti on8lJUL 2004
view t akeryglypRghsihe line 2-2 in Figure 1. Figure 3 is a cross-sectional
viewillustrating an embodi nent of a package including an RATEES00g#i1d

devi ce connect eg. to a.thin-film parallel plate capacitor through a
conductive trac 1@%@%5 %?Toéﬁﬁeicﬂ@@ﬁ) vishhidustrating @piembolliment of 4n iefecopcan vi ew

di agr ammat | (o ' n, enbodi nent of the solder 30 ball

assi gnnent%&rﬁg%%kl\l‘/lgﬂ%o&[aﬂg&%ﬁ Saeld r?gef?{he':?‘@lﬁ Fepnectsd direethip e eapacitoniapdr e 5

i s a crosstozestiffepgral view illustrating an enbodi nent of an el ectronic
package including an electronic device electrically connected directly to a
capacitor. -5 -9JUL2004 WO 01/56054 PCTI US00/ 14414 Figure 6 is a
cross-sectional view il ustrlgtaileg RescepimmdiftenDrafings el ectronic  package

i ncl udicng an el ectraqni.c devic? electrically connected directly to a

capaci Por and embodiment of p large goziq capadiior 4, ascorsingyo thépreSemminventios, An

mbodi nent; e Scal ] 0 di . th t

Chvent | on. s Thusteledil T 1 ofid 2 PAeRRE dobye 35¢ Radaclh Hhis mapistb ¢ Hin-

capaci t or filfn,iparatiebplreaddpdcitort The vagaciton 10RERRLES HRY %I?duea%&g&ro% alhe
on

capacitor 10 includes a first conductive layer 11, a  second Cctive
|l ayer 12 ai¢8ond enndnelive layen 1yand aideletig layer 13iRip®s dispbsidimenednthe firstst  and

t he secon tiye | rs,11 2., The dielectric |ayer 13 has a
t hi cknessd%n%qggg‘fpﬁon 6°63‘é%f5ﬁ1“’ty8fséém‘2¢ﬂ%e %F]P%ftmd%déthﬁ%é thigkness ofiframd t he
di el eqfyri %'Bz’ﬁ?iﬁhﬁ“&re patterned to define a plurality of first

s 14. i

el ectrode e patterning of the first conductive |ayer 11 and the
di el ectric | ayeThelSrstebrdvetivalapbiiriadndtiye @blebirfcIbydrn S ' 17
and a second _interconnect rea?on 13. In oteherc eir’%ogi%rfﬁ fs, étdhtéwﬁggﬁ
conduct i vePleigs ofifirshelpciedes 34 pThe patteening of thetfiratt condudviverleyeafl 1tahe thd r st

el ectrodes;.14 are el ectri.cally connected to each adjacent first el ectrode
14 by a coh 1338 cj@’e\&:ﬁﬁi%hpﬁsranél&mg@fVéérﬁ”&w%@ﬁ?trégléé% Foarda sepond The second
conduct | veptddneddebionARCHL LM imBRARBALGE BRD BOSLHEL 1088 gnd

se
el ectrode 16. A device receiving region 20 s 1orne agﬁﬁﬁ?ﬂﬁé i rst

condudiSi vepdtyred sudh that bachswme of thedfirsicilediodes 1amerelekRicaly chhectidabQELH i €
| ayer 13. ch ogghof the first 20 interconnect regions 17 is positioned
bet ween t vIHEPLEEheleptrods 14er eondyetiverstrip frame between adjacent electrodes 14.

The second conductive layer 12 is preferably non-patterned and defines a second

electrode 16. A device receiving region 20 is formed through the first conductive layer
11, the second conductive layer 12 and the dielectric layer 13. Each one of the first

20 interconnect regions 17 is positioned between two adjacent first electrodes 14 and the
second interconnect fegion 18 extends around a perimeter of the device receiving region
20.

It 1s a key aspect of the present invention that the first conductive layer 11 and the

dielectric layer 13 are patterned to permit access to the second electrode 16 and first

25  electrodes 14 from a common side of the capacitor 10. By limiting the size and
controlling the location of the patterned portions of the first electrodes 14, the reduction
in the effective capacitance of the capacitor 10 can be minimized. The first conductive
layer 11 and the dielectric layer 13 may be patterned using a known process such as
etching or laser ablation. The device receiving region 20 may be formed by a known

30  process such as punching, laser cutting or the like.



second interconnect region 18 extends around a perineter of the devi Qeg 'HQ- 2004
1

recei vi ngoweesliRRis420. It is a key aspect of the present invg,p:trh{gﬂwiﬂ
first conductive layer 11 and the dielectric layer 13 are patterned to

permt access tp the second.electrode 16 and first 25 electrodes 14 froma
comon si de of @EB%EPPF‘B#&“:L ‘ﬁ":“l%“‘:ll?‘ﬁﬁﬁgg‘?gl’tsﬂ@%ﬁ%@%&“@bﬁﬂ%ﬂﬁeng t he
| ocati on tieh it | | r 45 1.

reducti onq;oin% Bt? %l{eagg?l]s élg:\tﬁlq- 3%8(%5%?’[ gﬁggﬁgFgﬁﬁgégltpg&%}%gﬁh@g

m ni ni zed.inférvenhéat strcuio B2l inchidieg a badattiddrandajdio4diaolmpad ditlectio ¥ebstrh MY
be patterned usi ng a known process, such as etchi ng or |aser ablation. The
3

devi ce recfinpwyed ey dirstsiderddy of thefconductiveyrage layend 34 finsbadbesive layer 28
hi , o ' the lLi.ke. -6 01/ 56054 -9JUL2004
b Useer 1055 aftthons e famelii 101 Sspisted Ve, Pacserond 999 5950ihe a5 a ¢ BoA
cavi ty- dowanidtiRe nﬁ@@ﬁy@ﬁ% 8 firdtSidhédivSIay & B nfhde ¥ ﬂ%lecﬂlﬁl&flngﬁfa{iﬂ ic
bl e I ncl udli ng a

package 21 provides a flexi I nt erconnéect circult
conduct i vedhesiee A agemnd2adhésive lager30di abedabrattacisa biffermih@emenfbentUinithe on a
first side 24a of .the canductive trace layer 24. A first adhesive |ayer 28

5 i s used PRAHF 4BhuthirRedbeshedryes 33 1pusedi e aiadean elperanic devier e sumnssi de
2ol ol o mROOMELNEd RCRL AN Eefibor 201t ShocARER IS gediBle 551 5 Mo

of an electric y 1 nsu Ing esive. A sec ®30 is used

to attigch raifitairf fheRtiffeniAp fikeibe? 32 bad tHeSecomPasitiode 150+ tf dabierdlash g ve
as a

| ayer 33 is used to attach an el ectronic device 36, such
m cr opr oc &eewd adhesive layer 3G ey be made filver aBPectrivaliheondustiverihesivé matesial.

155t ¢ he o hob bt A e AR o g b aant  om an
el ectri caldiyen®apqyat bitferdd *&8&&#@, tH@Ee%h%dhesgg 1%3%2 3‘6%&13}3’9?{0131 4 fod:®
er n on e

desirable to nmaintain the stiftening ne the sec ectrode 16

at di f f er ehdvaiveaghesivd ieatesielc oid thodh edhegprel1ayee 33 30ay be Madeof 4 mdactiven-
conducti ve adhesive material. The third adhesive |ayer 33 may be made of a

condudi venasrigdp @s5isi|in prevantinesdamage of thecsleqtrgicidarierd toby elhetrastagist r oni ¢
devi ce 36 cﬁ chg}o%ct rostatic discharge. The conductive trace |ayer 24 of the
flexible intércohnect circuit 22 is typically patterned to include a

plurality of trHeasoond3dctiiirdceidyenos BOMRMlekie SitGoahtect BF QB it RRicallyexi bl e
I nterconnect circuit 22. The electronic device 36 includes a plurality of
wire patterned to include a plurality of traces 34 for routing power and signals through the
flexible interconnect circuit 22. The electronic device 36 includes a plurality of wire
20  bonding pads 36a. Each trace 34 includes a bonding pad 34a, such as a wire bond pad,
and an interconnect pad 34b, such has a solderball pad. A wire 38 is connected between
each bonding pad 34a and a corresponding one of the bonding pads 36a of the electronic
device 36.
Each one of the first electrodes 14 and the second electrodes 16 are connected to a
25  corresponding one of the traces 34 by a respective interconnect member 42, such as a
solder plug. Each interconnect member 42 extends through the first adhesive layer 28
between a respective trace 34 and a corresponding one of the electrodes 14, 16 of the
capacitor 10. Each interconnect member 42 that is connected between the second
electrode 16 and the corresponding trace is positioned in the first or the second
30 interconnect regions 17, 18. The patfterned configuration of the capacitor 10 provides a
short electrical path between the second electrode 16 and the corresponding trace or

traces 34, reducing the impedance exhibited by the electronic package 21. Itis preferred

-7-



20 bondi ng pads 36a. Each trace 34 includes a bonding pad 34a, such é@j}] 2004
wi re bondywggysedpd an interconnect pad 34b, such has a sol derbal | pad. )t
wire 3 8 is connected between each bonding pad 34a and a JfYE¥8dMtdi#ng one
of the bondi ng pads 36a of the electronic device 36. Each one of the first
el ectrodes itf%ﬁﬁ AiexcenReet isanter ¢y made ofishigh enadviampettnle salde sudbas

o eoPon S Sl A5G D LRSI DT eOrect renber 42,
first adhesive AauiRhbleéBonRehIRENeAJhESREGE th\é‘?ir&trl a@ﬁg .‘geélﬁ%}%tggaﬁlggt%%%?g di ng

one of the electrodes 14, 16 of the capacitor mber
42 that i sadbeniviebayer3dbasiesen foled oamonpblyietidsbiedadidiamint #&1 BPDLPsRONI Ng

trace is posjitjoned in tgs first or the second 30 interconnect Tegions 17,

18. Thé p&@é?@é&ﬁg'ﬁﬂwg at’} Shtable materialfontbierdintechic pristratd @6 has beshor t

| ectrical |.ect.r.od d, t di t

or "t r acesodin & Bk KBl R R s B S R oD e et R AP Ok age.

21. It is FrvhastaeebnddciVe ﬂfeﬁ@@ﬁ&eto&m&&iﬂ'@%ﬁﬁgm&& &?évgﬁerfalfsat each
ol de

i nterconnect menber 42 is made of a high nelt tenperature™s rsuch as
sol der corfislineatad abeierass Switabld, jt 19 ContEinplaertthappmestousdtadrym40%414 aaableA
-conducti,v the first adhesive | ayer .28 and the

I t abl dhesi f
zglcoﬁd eagﬁggﬁe\?@nﬂﬁlg’rﬁ %gi’l%%éﬁg‘;% sive layersarg epmpmescipdlyisaaidableadhesi ve

filmggld by ; Suit abl terial. for the
dielectric sul[))gfe ggt e %W%F%g'?naﬁ%ﬁ%@gf%e gfémgl%%{céﬁ?ﬁcgga i3ﬁh1’§ﬂ@’i‘e s that
sol d by DuMdnthefirdeintérbmueradgionss7KASECHhd &t oMk iRERomRREPAsI3YE j@dhesi ves

are com‘rer%itggl y.available. At hoquﬂg the materials delineated above are
sui t abl e, 318ned wahaneRlths Bt elsatrodasidr dike closh proximity of tie firstelecebes 14f or

the vario ' [ strat.es and adphesive |ayers are comercially

avai | abl e%fgh%éﬁ%é%é ieﬁegﬁ-ﬁ%ﬂé,(}m begpe%?% cﬁlfre%Pof‘%{’ngntgréf’Wt E“}ﬁié%4b= 15

i nt er connggrtfenadso Bfvidesa RlABRRAOshot inkrdddfed: 1drn, | SRR ions 17. A
second set of the |§nt er connectﬁgsads 3415 ise afl%hﬁg?iﬁ@mg ngrg%";cg‘?he first

el ect lédesndurtanie Tdlediret amdahe sacoud eéts bfithefintesiondce pidsGAb Jreldesigard e
second el ectrode .16, w th resptgct to the correspondi ng interconnect pads

34b, is pPuERE FelRreRes Yolkersio the electpnis deyice Bor A thisd sviobednterdoanesth,

contri buti r | fd and .t he second sets of the
i nt er conneﬁ(}tqs gg%s&g%gsgsgngggﬂﬂg‘%ggggﬁ‘?lgy]&rdofﬁéﬂ%&\%e eﬂ%‘f“@?’écn%é’lc\?ggt ’éd’@g to the
el ect roni dimited wepl8cemeit Whihitdsieet toahe tlketrédts 34CDNBARE interconnect regions 17,

18 of the capacitor 10.

20 Another embodiment of an electronic package 121, including a capacitor 110, is
illustrated in Fig. 5. The capacitor 110 includes a first electrode 114 and 2 second
electrode 116. The electronic package 121 includes an electronic device 136 having 2
plurality of bonding pads 136a that are electrically connected directly to the first
electrode 114 and to the second electrode 116 by a plurality of wires 138. The first

25  electrode 114 is maintained at a different voltage from the second electrode 116. In this
configuration, the first and the second electrodes 114, 116 serve as reference voltage
planes for the electronic device 136.

A further embodiment of an electronic package 221 including a capacitor 210 is
illustrated in Fig. 6. The capacitor 210 includes a first electrode 214 and a second

30 electrode 216. In this embodiment, the second electrode 216 is electrically connected to
stiffening member 232 by a conductive adhesive layer 230. The electronic package 221
includes an electronic device 236 having a plurality of bonding pads 236a that are
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pads 34b, designated for routing of signals to and fromthe el ectronigwkm‘
devi ce 36y limted to placenent with respect to th I r ode ,
16 or thew(?ltﬁlefg@%*nnect regions 17, 18 of the capacitor 10?"326}:'5&{’{8@!\ r
enbodi ment of ,an el ectronic package 121, incl udiégé; a capacitor 110, is

i 11 ust r at &destrcaypongectaddirecilyfe thegfirstelectiode 2dd and to the séffening member232 4 and

a second e . eectraonic age 121 inpcludes an el ectronic
devi ce | 3éSJh§§I ngqg(’%p Nig a_]??‘t @%ﬁ%%ﬁﬁ%ﬁﬁgdgmﬁgﬂﬂ?%@ ﬂgfeeﬁ @gfcal ly
connect ed fbhekd seoh@clebifodd 21 andeheaiffdy hddba M2t & e EERRMIoR! fEgt I ode
116 by a plurality of wwres 13 S. The first 25 electrode 1147 s nal nt ai ned

at a diff direhtlectided]é anddhe stifeeniiponendbel 23Ctsevd @s téférentevdltags planes for
configyratjon, the first % d the second el ectrodes 114, 116 serve as
refererce BF’k&E%mcﬂP’é]ﬁég or the electronic device 136. A further

ieh f fes” : . / aer
Il st rated i n EhEtaRtAe b BRTARMTOF o RE b Bl PP BRI Voo 514 anc
a second 3fdaheehf §Reifkafons o thétlEctRIHOSE R Hitackddto HRCARECif PR B0l 6 | S

el ectrically connected to stiffening nmenber 232 by a conductive adhesi ve
| ayer 230.anf¢iecteiniepackageagsariingyty he pres¢ntdhvedtion mmskinclnde s capacientaving? 36

havi | |t f .bondi ds 2 t hat -8 WO 01/56054 -9JUL2004

Pt Uoo Erspracinte gt snopgh to Rirett SRLdraIderey 1o dha HEHIAtevee P o g 214
o N . - . o | .

and togt ecza?%éx{z{n@@ bfg cﬁ?x@ﬁf is %ﬁ?ue&?%’df%r'gelrﬁ%@s 5 éﬁg% th%‘%&e‘?ﬁpﬁ&@ archl iE éﬁé rst

el ectrode I'S mal nt at a volta rom the“secon

el ectrode éld@rcaies, thé ehicknekd efthe diclsetHiremhaténal, addtht dictectivédrgtannsdfithe,- t he
first electrode 214 and the stiffeni ng?m?nber 232 serve as reference

vol t age pl ¢inkestricgpateriplh d hepeattrityigscan be tailorerizte pravide a desinedlcapasitanse fohe
capacitor ne 0 b tched to the frequency, voltage and current

speci fi cat$8§rgglggu?ﬂgdg:l‘:lgif‘?cgﬁ?%ﬂ%ee?ﬂnéémg]ﬁ?ached to the capacitor.
Furthernore, ap|Rh8hiciRBkLpedasHauRA0E R datcd With R RELAEAVedRRRhIAN NuSt
i ncl ude a capacitor having a capacitance high enough to supply sufficient
cur r ent3 t ohighly @ingrotled napmcidioeicouplinkh dhthigdy acittcdlied eapcitivecappltig mrmits

I nfluenced_ by vari abl es such as th&, over | appi ng gr ea of the el ec’% odes,
the thi cknBSSSHENPRY QfiPaMes prd gronpd dtsrapnnesisdo b basgd op g patemiphet hat of

R e e e T
const r ucti pérformance.

In TBGA cavity-down electronic packages according to the present invention, the

20 capacitor is positioned between the interconnect circuit and the stiffener. In this
configuration, the electrodes and dielectric material of the capacitor are not breached by
through-holes required for routing electrical interconnections from the electronic device
to board level interconnect components. The elimination of these types of discontinuities
in the electro;ies and dielectric layer significantly increases the effective capacitance of

25  the capacitor.

Electronic packages according to the present invention include several features
that provide several advantages in end use applications. The effective area of the
capacitor is maximized by patterning only one of the conductive layers. The capacitance
is directly proportional to the common area of both electrodes such that maximizing the

30  effective area of the capacitor contributes to maximizing the capacitance. The highly
controlled capacitive coupling between the electrodes reduces the impedance of the

power and ground distribution in the package. The return currents to and from the
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El ectroni c packages constructed in accordance with the present inventibiyL 200¢

exhi bit $¥0obi/gdesy controlled capacitive coupling. The hi 9%&[[‘{}%&&8'4' ed
capacitive coupling permits the assignment of power and groun

i nt erconn - n.the.patterni of, the first electrode _rather
t han ot he?a%cgrs(%ngcn@erq%%?fg g?rlg i imﬁl Cf b(S’ﬁ:f é}ltﬁgﬁ?’:}db‘i:w%la}'%ﬁ&he @padtori dae

per f or mancelecttoded Biaf beaned For JRWIIREL %5%10&1515’1]39@&&%%?% @8&9&9&1{ ﬁ%k%% Lye

present invention, the 20 capacitor is position ef'ween &Y connect

circuit arigriingasreférenceevoltagaplahess Thequiegatidyioand idpues 6f 186 blegglesic and
dielectric,materi of the cagagi tor are not breached bc{ae t hr ough- hol es
required FEVIESIRY Peymisreeaneried directhetodhnensraspending elosirades oftheqmpanitor devi ce

to b d | ' .. Ih i.m natj f th t f
(i scone: nurties HeloR g Btitack SHREOPAL Sovert et iR A S PeChromis prokait Ly
i ncr eases doysloping @®apacitos ARARE h 30&ErRfion disclbid lﬁ‘é}ﬁ%& %nnelﬁe?g%%gmﬁgggm t hat

packages according to the present invention include severa

provi de sedieglesedhereimextibits supexiominteseonapy limpedanon sharddteriics aeticing asied of

t he capaci%gr ianaxinized by patterning only one of the conductive

| ayers. Thé %B%? $4ance s directly proportional to the common area of
both el ectrodes such that maxim zing the 30 effective area of the capacitor

contribut es to maxi i zpagiIiADe&APAGh bPOGS e HH MR Prol Ol | €
capacitive coupling b dance of the
power 18nd gr ound cdpparrfolydriotitericonduetive aebsagre, wiith niftheve bR Prssehibrand
fromthe -9 WD.01/ 6054 -9JU_2004 PCT/US00/ 14414 el ectronic déevice are

abl e to triEBITaGHSYebas aporganic dherIrasionagerl (&rsxemplen bengsmiazody . The
el ectr odes : . | dj ower distributiqn for. the elLectronic
package bydé?%étrlgesr?gaggméruceéé 8?%%%’5‘%‘2ﬁ@ﬁrﬁfﬁﬁﬁﬁkﬁb’&?&éﬁﬁmsﬁP %
i nputs of thixe 180 B6éreasi Th ECRITRYI S & ' 04 he
correspondi ng el ectrr odes eo‘?ﬁ’}she capacl??or 5 rsgﬁgfﬁ% aﬁgit’lﬁ(%og&g p%%é&trace
| ayer of teneuiergoed @dheséan batweanuthe diedertrid lagerrandilayepnckageer filp Reyidval a

capaci,t.or ﬂha\g ng. a ﬁ%gs%ru(:tio,n di scl osed herein and connected in a manner
di scl ded HErEiAeEXHi i 108 CXYPRIE; Brating s ol wilivan mgpeeaiee RIpIRA@RENI st i cs,

LEOEL0, g o B SR B oS BE  o.
may have nRdrteilaks pdtesieptto both sides of the foil can be removed using, for example, an
ultrasonic/vacuum web cleaning device commercially available from Web Systems Inc.,
under the trade designation “Ultracleaner™. Preferably, the copper foil is not scratched,
20  dented, or bent during this surface treatment step as such surface irregularities may cause
coating problems and/or defects. Non-uniform coating may adversely affect the
capacitance of the capacitor, and may result in short circuits between the conductive
layers.
A blend of djelectric material may be prepared by providing a resin such as
25  epoxy, optionally including dielectric or insulting particles such as barium titanate, and
optionally including a catalyst for the epoxy. Absorbed water or residual materials on
the particles; e.g., carbonates resulting from the manufacturing process can be removed
from the surface of the particles before use by heating the particles in air at a particular
temperature for a period of time, for example, 350°C for 15 hours. After heating, the

30 particles may be stored in a dessicator prior to use in the blend.
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its surface such as an organic anti-corrosion agent (for exanple, a -9 jyl 2004
benzotri a"\ﬂ)%m&?ji vative) and residual oils fromthe rolli 23_ r ocess,
preferably, has A thickness of |ess than 100 microns. The K 144334 i s
subjected to a surface treatnent, for exanple, to ensure good adhesion

bet ween the di eftblend of byrium titegategpaeticdesaindeppremay bk lprepRenithyahixidy can be

effected b exanple, tregting the foil with an argon-oxygen plasnma, an
air cor onté,ge%rg{%%m%ﬂgﬁ %écﬁv qigﬁlPﬂ%P?W%ee-ﬁs@O%saﬂ%a dispersingder st ood

i n the artagenParydicdll hg%mlggrr' ko105 & foil. C be renoved
using, for gexanpjrpe, gﬁ u trasollr?lﬂglsit/ag%uum%@l?g@?%%%tg%%#?r@g @%ﬁﬂ%rci ally
avai | abl e dsedmOobberSionnkiall-iiling is HpdRE exdiEplhryafeheé@ STEBIh® D allowed to

"Utracl eaner", Preferably, the copper foil is not scratched, 20 dented, or

bent duri nyt vigubed allewing agalomerates toessttleso shabottom biihe containgn| Bhd t i es may
cause coag] I and/ ef ._Non-uniformcoati ng may adversely
af f ect thge@gﬁg%%g%@o&cc &rgr %ﬁ’b’gﬁ f‘%‘?f? OL M@ reApteraatiyely,ithe klrad cancher cui t s
bet ween t hglteen tidstd ) ﬂn“rﬁl - i | G al.. e
prepared by tpr ovi d,?c’r%@go%?s/iﬁﬁé’s%gﬁ as g’S%ﬁ%)’?% Eg%%ll{ %ﬁgﬁ@e .k%cqfﬁ%ﬁytﬁg

di el ect ri cmesh §izesused iim thepfinal fibttationsteph Axs fied! filtfationt skepatie, blemits dept | onal |y

I ncl udi ng ﬁ]écgég_l st for the epoxy. Absorbed water or residual materials on
the parti ct&ged {Jé‘?)gatqu?, gl a spagessisteshmestohiters egquivaleathayingampstocess

can beyempyed--frgmthe surface of th artic efore u by beating the
particocrasmf%egflfrmné ’a’%%{PﬂeE?JHHﬁmE&H%gP% egcc%gl,sen 15;[?&“%8832‘?1113?%! f or

exanpl e, 3&{ids bid bauh Sedrite/dol§ ratfte AfHeMsi 2Lt RanE | stored
in a dessicator prior to useéﬂicogrf?t%e aﬂg%sné%m%bgwd%hﬂa%dﬁﬁ@g&f

PCT/ USOQ' 1afiitdoriehBltered solvehit dnafdrepoty dsaestssaaThebles mndbeanied ifay be
prepared by m xi ng t oget her bariumtitanate, a solvent_ solution of

epoxi es, egloé‘.’m.ﬁéY or 5ojyent TRYSRretmmitied if the erganiciyinder ¢ 4 liquid withgh shear
rotor-stat ﬁffﬁ@e@%ﬁ’ﬁgggﬁfg%Fﬁb@@%@[ﬁ\ﬁ%t er/ice bath is wused. Conventi onal

ball-mlling 1s ex d. The blend is allowed to 5 sit
undi stifr bed al | Dwé Bignaealaimaiaat ARiGRsSEH 4 disherhift otitaRyOf, Ligucont ai ner .
The settling is allowed to occur for about 12 hour's or nore.

Al t er nat i véisgersanhwhh anglestricaliy instilatipg layer istdesitagh and sdeerse Exdnipes off or
exanpl e, whi ch_has. sh si,ze abput. ten tinmes the nesh size used in the
final fil t‘r’léP?‘B‘ﬁl%s‘Pglb‘EgMOBOLP’PﬁéPPIP?IY“tS &1 apd Rokypmie qomEngiy ayalablrdtom
filtered, fOIrARY3ER! Sndel eV F{T&H |« s, fi ui val ent
having a nesh 10 si ze of from 5@51 cré;r%et gﬁ#%gﬁfgfoﬁéﬁnélggﬁfe&?\ﬁ% ered

bl end is amsludeewtliyiretipdkewnt and methy! isobutyl ketone, both of which are commercially

20  available from Aldrich Chemical, Milwaukee, W1. In the preferred system, other

additives are not required however, additional components such as agents to change
viscosity or to produce a level coating can be used.

A catalyst or curing agent may be added to the blend. If a catalyst or curil:‘ng agent
is used, the catalyst or curing agent can be added before the coating step. Preferably, the

25  catalyst or curing agent is added just before the coating step.

Useful catalysts include amines and imidazoles. If particles having a basic
suriace, i.e., having a pH of greater than 7, are not present, then exemplary catalysts can
include those producing acidic species, i.e., having a pH of less than 7, such as sulfonium
salts. A commercially available catalyst is 2, 4, 6-tris(dimethylaminomethyl) phencl

30 commercially available from Aldrich Chemical, Milwaukee, W1. Typically, a catalyst is
used in an amount ranging from 0.5% to 8% by weight, preferably 0.5% to 1.5%, based
on the weight of resin is preferably 0.5% to 1%.
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solids and bariumtitanate/ epoxy ratio. The desired conposition is obtgaym_egm‘
by addi ngwpgishional filtered sol vent and/or epoxy as nece sarsg. The bl en
may be coated 1n a solvent systemor solvent nay be om tt 8414 ?"Ffb"'brgani C
binder is a liquid \ivith sufficiently Iow viscosity to enable coating. 15
The bl end may %ﬁﬂﬂﬁyé&ﬂ% Rges nGhile polyaminesppalsamides, polyfpbenrd$ gndin ani oni ¢

di tgically.insul ating L. ] ired, and sol vents.

ol o GptOER e8It A LERmolb Rl s epk B, E B e imigar o

commer ci alchnsereialip bl Aldblofbm S, ﬁﬁ%ﬂtﬂéNﬁd&g@COﬁlﬁﬁTﬁV' o, At on
ylI"’e

"Hyperneer PS3". Exanples of solvents include net thyl “ket one and

net hyl i sdiypioplly keeeusing agsot is uwed inrdncimamt rangingeiearh 40%/t020080/8y Waight from
Al drich Cherg c M | ke . In the preferred system other additives
are no? r F’iaglilﬁﬁ%%eﬁe@ﬂo g%?gyi%%&h‘ts@@ﬁ%@ﬁ&ﬁ@elgwra%n-agents to change
viscosity or t r :C i can ed. A catalys r.curing
agent may be a?a]gcf@ %(%&%?ﬁgp%ﬁ?\gﬁgls 01%?{ e&%ﬁ’t%@%ﬁdg’ﬁm&&w ﬁ'&%}gce#ﬁm 'sfoﬁsed,
the cat al ysimple, & gravige E@@dttto €6 beqaams@ﬁépmférﬁlﬁy%akbaﬂlg%&eﬁﬂs
Preferably, the 25 catalyst or curing agent is added just before the
coating stPefformedin g cleanrapmde sninmeize dentaminatien. aFk dryithiskmdse depenfls pathe cl es
havi ng a basi.c rfage,..i.£., having a f greater than 7, .are not
present, tpﬁlécﬁme?i#ﬁll% b&%ﬂ‘ﬁﬂ%&’?@%&%ﬁﬂ#ﬁ%'ﬁa&g%{?srehﬁ@%&man&ci di c
speci g, isubstratd)aN4 B the &I W c @ﬁaﬁ |6 QB ts. A
comer ci aﬂly aatlvai I'abl e cat al Jggtngﬁgﬂ%@&‘;%u%gl LT | mf’ﬁéﬁ%%go%a&hyl ) phenol
30 commer chigkness &y tielraicoffFRA0A (it 2 |ENaHE S@tent ¥blidkad Rbthe Yinge DY Blog! | V.
a catalyst is wused in an anount ranging fromO0.5%to 8% by weight,

pr ef er abl 0% ©06Q% by vasighth Jdedoating isideedts glackdieesttd in the operosfahabéater0. 5%
to 1 % -11 -9JUL2004 WD 01/56054 PCT/ US00/ 14414 Exenplary curing agents

i ncl ude pdf FaAYHARE tepmeiatmre®f dess fomabreinlH0SCa Reefergblyitheicoating is dredoinf . A

wvar oo o Esh B B ER o o A et L
Iy .S 4 I . i fi 10% 100% i t, 5

2 S0, S0 ek PGl BB YR KA Sl LR S OB DY MR

cl eaned copper chPbb uisi, B%@%Pi(’)\i;eh]ﬁﬁré&?%éﬂegélg'ﬂgérwﬁ‘tlé"&}ﬂgﬁmﬁghfcu@t hod, for

exanple, a gravure coater to a coate rate. y, the

coat i ng stdepngshe dryirfeostemdtsipurpose ieprirhadiints eenovei BiniRhGeNeadsRkibR. The
dry thi ckrﬁass_ déap nds on the L )
etaned solvent may lead to blocking (i.e., unwanted interlayer adhesion) when the

coating is stored on a roll and to poor adhesion. Once the blend is dried, the coating
20  includes the conductive substrate with a dielectric layer formed thereon.

Techniques to avoid defects include in-line filtration and deaeration of the coating
mixture. In addition, it is preferable, if a resin requiring curing is used, that at least one
of the electrically insulating or electrical conducting layers is partially cured, preferably
in air, before laminating two substrates coated with an electrically insulating layer,. In

25  particular, adhesion of the substrate may be improved by heat treating the coating before
lamination. The time for heat treatment is preferably short, generally less than about 10
minutes, particularly at higher temperatures,

Lamination is preferably carried out using two of the coated substrates described
above. One of the coated substrates may go through an oven before reaching the

30  laminator, for example, at a temperature ranging from about 150°C to about 180°C for
from about 2 minutes to about 10 minutes. This preliminary heating step can be done on
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percent solids in the blend, the relative speeds of the gravure roll-gngj 2004
the coati %3195 pstrate, and on the cell volune of the gravure used.
Typically, to achieve a dry thickness in the range of frofta Mt > m
the percent solids are in the range of from 20%to 60% by weight. The
coating i £1g/r bethiaf the ¢qntad substemtes dreferably, itee elvetrically inalatngmlager shatldan
average t I a of ] ess.than.abouf. 100C Preferably the coating is

dried in %%‘8@%@%&4ng?§ @}FLMWS puldihs dohe s sleartenen ng with
a tenperature ofg 4006, %48%@ . k gher final
drying terrpera?ﬂt:r%?,aéj %?A., up f% a oﬁtﬂ16 éﬂ% %\%ﬂ%@n,ﬁl%%%alt%du{ﬂ‘bgﬁkgé%ﬁ
required. l@eimated] tiglectrizlgydritd tHebecaiclager, usikg Blardiator withbwol g rdliegs dr yi ng
step; its purpose is primarily to renbve as nmuch sol vent as possi bl e.

Ret ai néd dpigdite 2 lampdratuxt rangibg foki atgug 1 5¢°C tolaboat2689C] piefarkldy @bowtdhesi on)

when t he c&g&i ng,is stored on a roll and to poor adhesion. Once the bl end
is dried, PReCcalitableair prasmue isgawppliedtocthn tpmeinatperalishpreferaty at 2 pressure

CneTEne e FrohC AR LORO T (5 PSRRI BrareRortbty o B EFS ). Dol i
is preferabk& canfbedsef &30 shivfbld Gﬂﬂ&aﬂlﬁﬂeﬁ%ﬁgﬁ 5&&%@9&0&{%{9\1@12 el 956 Of

the electrically insulating or electritcal I ng ers Is partrally
cured, prehdreaminutei(d.5d01,5 dnened), anira préfergbly®6s cifbeatdgdscoated with an

el ectrical.ly ipsulati | ayer,. I n 25 particul ar, adhesion of the substrate
may b0, nﬂPéﬂFé}]&mﬂ’}m&e‘gﬁsﬁéﬁ%ﬁ%*%n@%@é W batghomede ppwehat i on. The tine
for heat treat ' : I tih about 10

m nutes, particu alﬁlh?ag{de%ulﬁgtﬁag% X@%@‘g@%@fﬁ@@#ﬁgﬁe&}eﬁ?@h& g’%&?ibl y
carried ounts!ssuigableroref OhbelaGiiRdtRa is ubmbletd @% Hefetd BRAnrc3ROMEIliGEN &eOf the

coated substrates may go through an oven before reachi ng the 30 | am nator,
for exanpl&ot lepgenrege rature rangi ng from about 150C to about 180C for

fromabout 2 migutes to .about 10 mi nutes. . Thi rel jmnary heating step can
be done on -12 n T“%Bé?ﬂu“\?\bc‘é‘ﬂ%g’%ﬁmﬁ@ﬁfﬂgﬁlﬁhﬁﬁe%‘ﬁ’éﬁ%%ﬁﬁm%f t he
coat ed ssubstra Rrele L0 I ri i nsul,at | aye oul d

not touch éﬁ?‘f%&%ﬁag{&?g] ﬁ%épg%%”f\n;f%g‘%egﬁ%‘giﬂgﬁér%fa F%‘?\t id ﬁoﬂa :?%akboé%ﬁé%@i n a

cl eanr 0oM prifardPK Gom SRRAFIGOT glcy ) ' t he

coat ed subEsrtrat es gre ' am ngt 8%?%ilgpggiﬁc&?§$gﬁt§%ﬂ{cﬁﬂé@éég{ﬁﬂuggl’aayer,
using a | geenvdtranging fromt abounépmimitésanabbuthiSdtethutes, Prefeesile fohiatdut 601gi Ng
fromabout 150C to abogt 200C, preferably about 150C. Suitable air
pressure | Tesdp Rbeopt: 180 onautea m nator rolls, preferably at a pressure
ranging from 34A5ﬁ)é§i3noof%§9diléfé%rrfc§a§’e§'totd?e c%?xd@édw)c’sug&eafteeﬁaaa? lbge Oa%cléf g (15

psi). The roller
20 the conductive substrate is sufficiently soft at the time of coating or becomes soft during

lamination and/or cure; i.e., the copper foil is annealed before coating or becomes
annealed during subsequent processing. Annealing may be accomplished by heating the
conductive substrate before the coating step, or as a result of the curing or drying step, if
the substrate anneal temperature is at or lower than the cure temperature of the resin. It is

23 preferred to use a conductive substrate with an anneal temperature below the temperature
at which curing or drying and lamination occur. Annealing conditions will vary
depending on the conductive substrate used. Preferably, in the case of copper, at either
of these stages in the process, the conductive substrate obtains a Vickers hardness, using
a 10 g load, of less than about 75 kg/mm?®. A preferred temperature range for copper to

30  achieve this hardness ranges from about 100°C to about 180°C, more preferably from
about 120°C to about 160°C.
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speed can be set at any suitable value and preferably ranges from abew Jll@zfuu

to about 3o gimsReS/ M nute (0.5 to 1.5 cm second), nore prgjcgrrasbl 0. 64
s

cmsecond (15 10 inches/mnute). This process can be condu ¥hat ch
mode as wel . The Iairri nated.substrate can be cut into sheets of the desired
length or wound - 2RATGTSACSEFding fodhe presentapvsatipnatesacisohiive tho lptivated t he
preferred gheae facicl i [ | onger reguired. V}S{gn‘g}age resin
requires curi ng, tﬁg @g%mr%%lggr%%esru?g%sP%ncgﬁlgr?ri%reﬁﬂm%e fionallyy one oty j ng
t enper at urtesth ofiteusdadteimpdapéry ked of BlRUidMthE RYAAR @Q@J C,
preferably from about 140C to about 170C, and%xe%f’%ﬁggﬁfpﬁ%g |ar#g%91%

i ncl ude a’clpfdradssl and HyeragniachragiinsutAnyGuitabie patterting advhniiqud Rflow fHithe art
prefersbl ymfrgm abgout 20 {{'1 mﬁles to about 100 mi nutes. Adhesion of the

di el ectri cRf% Y POPIOYER L0 patier dis variaus faversAf dhe eapagiior e Fpmeneatpls. patterginghe
conduct i VesfSHO b RicBvE Bavakt JHaG t.-he tine coat J. or, becones
soft during [|am nat }Vony?i.ir’]g gﬁhggfretllaéétr?qé%r%{w}"(e& b éIPe‘f%Y Pﬁ)‘?tgbtﬁﬂgféali%d

bef ore coatnidiy byrlaterablationas iewtie dnews inlie atbsequent processi ng. Anneal i ng
may be acconplished by heating the conductive substrate before the coating
step, or as a reRQiplithegraphy may beppriormed by applyingp, phoforesisiéo snebartbiott 6f anneal

t t ' : L h t t f th in. It is 25
pret orred £5 Laet e IS el i R Sha 8 i RO el ow
the !amperaindédted Ad WiioBed ks B9 coeloflicB el oM BB BF fillhen Anneal 1 N0

conditions wll vary “depending on t ctive substrate used.

Pr ef er abl yexposed teencssiing solotipmeselectt atdat et layak of HRS@psditeg e boreindfed.
process, t‘ge conductive substrate obtains a Vickers hardness, using a 10 g
I

| oad, of |@SURPE2ER50SHChas notpssivm hydrorde isithayemploped tarremeve thage f or

copper to 3@, aﬁﬂé ' - Langes . from about, 100C.to about 180C,
more preferably ?%%13 Bg%%:&?&%%g?%gﬁg%gsﬁstaﬂfgggeag {Ryems of R24O519 2004
PCT/ USO0/ 1¥ehttmoSa stedt tafe sotaiesigédli ng to the present invention are excised

fromthe lam nated substrate using any suitable process such as punching
or |adér cuttingascopblabipmmay beqesformed botsingh lasketoselectirely therthaljzeremozad/ or

the dielectric.{ r b atterned to formdiscrete electrodes and
i nter conner%:l% feﬁ@g?%ﬁ%@‘%?ﬁ?ﬁ%%@%ﬁg@m'& ﬁ?‘l??ﬁlt?’reﬁﬁwitﬁl}}é”%%ﬂﬁﬁa%e art 5
may be enmpiudsish they Baubdl i dobbiyaidnous | ayers of the capacitor. For

exanpl e, patterning _
The electrical performance exhibited by circuit assemblies and electronic

packages according to the present invention is greatly improved over previous

20 constructions. Complex patterning of the conductive trace layers and the dielectric layer
of the capacitor is not required for permitting the interconnect pads of the interconnect
circuit to be elecn'ically connected with the conductive layers of the capacitor. The
signal traces in these packages are kept close to the electrodes such that the inductance of
the signal traces is controlled. Furthermore, the presentinvention also provides a

25 relatively high capacitance between adjacent electrodes of the capacitor and a relatively
low capacitance between the signal traces and the adjacent electrodes of the capacitor.
The capacitance and inductance characteristics result in relatively low impedance,
allowing the return current in electronic packages according to the present invention to
be effectively passed on either of the conductive layers of the capacitor.

30 Accordingly, it is appropriate that the appended claims be construed broadly and

in a manner consistent with the scope of the embodiments and descriptions disclosed

herein.
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of the conductive |layers and the dielectric |ayer may be performed by

phot ol i t hography and/or by |aser ablation as is well known in the ar@JULZWL
Phot ol i t hogr aphy may be performed by applying a photoresist to one or both
of the conductive layers, which is then exposed and devel oped to forma
pattern of 10 conceal ed and exposed areas on the corresponding |ayers. If
the capacitor is then exposed to an etching solution, selected areas and

| ayers of the capacitor can be renobved. A stripping agent such as

pot assi um hydroxi de is then enployed to renove the remnaining areas of
photoresist. This process allows areas and | ayers of the capacitor to be
renoved that are not desired. 15 Laser ablation nay be perforned by using a
| aser to selectively thermally renove material, such as the dielectric

| ayer, fromthe capacitor. Photolithography and | aser ablation nmay be used
in conbi galilgen. The el ectrical performance exhibited by circuit assenblies
and el ectronic packages according to the present invention is greatly

i nproved over previous 20 constructions. Conplex patterning of the

conductive trace | anel&ndnit ddiRa Gl I *N f the capacitor is not
required for permtting theént egricg%ﬁezgtiﬂg s interconnect circuit

to be electricall yacmmeeﬂ'athycrt(ﬁe) mﬂ@mﬁ;wﬁdémgcgﬁd fl&@ thapaci tor.
The signal traces |n the gckages are kept close to the el ectrodes such

that the indu® et SF g patterned odefige ¢ phurelitylof dntersonndoepadsr e, t he
pr esent |nven§ $n aI SO pr ovides a 25 relatively high capacitance between
adj acent el ectrodes of the capacitor and a relatively |ow capacitance

bet ween the signal a dicketic ayer 26emadhited 6 theireiidOsiafe %n&bﬁv&@&@c' tor.

The capacitance and inductance characteristics result 1nrelatively |ow
i npedance, a®®wing the return current in el ectroni c packages according to

the present invent { i s A i ther of the conductive
| ayers of the cipa%?%bg%&or EA@(%?g?fﬁﬁy&nggié cﬁﬁ‘b‘f F|[%at19re&5°9

appended cl ai ¢andbetivedayper(l2) andraola Yof ditfectrid mate RN S L the
scope of the ﬁng%ggggnts nd escsrﬂlrptl ons di scl osed oﬁggg%zﬁha%n ainms 1.

An el ectroni ¢S 9 “CHZQ layerse thafirstsionductise tayermotnted ohtiee | ayer

(Z4) havi ng asebbbiids| 28 the conductive trace |ayer
bei ng patterned to de fl%éc aﬂ% ural’l g‘%'ﬂl nt erconnect pads (34);

a plu.rallty of interconnect rcgmns (17, 18) extending through the first
conductive layer and the dielectric material layer of the capacitor; and

interconnect members (42) connected between each of the conductive
layers of the capacitor and a corresponding set of the interconnect pads (34a,

34b), the first conductive layer of the-capacitor being clectrically connected to a
first set of the interconnect pads (34b) and the second conductive layer of the
capacitor being clectrically connected to a second set of the interconnect pads
(34a), the interconnect members corresponding to the second set of interconnect
pads extending through one of the interconnect regions.

2. The electronic package of claim 1 further comprising an electrically

conductive stiffening member (32, 232) supporting the second conductive layer of the
capacitor and a device receiving region extending through the diclectric layer, the
conductive trace Jayer and the capacitor, and further comprising an electronic device
(36,136,236) mounted in the device receiving region on the stiffening member,
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a dielectric layer (26) nmounted on the first side of the conductive trace

| ayer; a capacitor (10, 110, 210) including a first conductive Iayer‘@Liﬂ]Mﬁ
a second conductive |layer (12) and a |ayer of dielectric material disposed
(13) between the first and the second conductive |layers, the first
conductive |layer nmounted on the second side of the conductive trace |ayer;
a plurality of. i nt ¥he elbe6ii } 5 i t hrough the first
conductive |layer and the d?lng%ag??f%%%%%&%%%?&% e& acitor; and

i nt er cont3édBéA8hpincindes 2 plwelityexfbending budse(368 362 36k and RRdst | ve | ayers
of the cgc%ﬁtcit%:)r gar_d a &%r rg@ ndi ngq_iset of the interconnect pads (34a,
34b), t he TP IsEY 2 MRS §3%e t &gﬁ) eectripellenpaectedbetiveemay fiedt ent of thal | y
connect eghrdéh i j r nect .pads ,(34b nd the second
conductive Iag?eaﬁgg?aﬁéeﬁstcg%lggl oérlg%%iogg%etfagﬁg F’c@ﬁjl ETH®¥EEed to a second

set of telectricallyraomnocted betnaen a s@ba)i onk bﬁtﬂe%ﬁ&jﬁggmgnm rfg,g{gnec%%é Eﬁs pondi ng
e

to the secon&j saet of f’anterconnect‘ pads extendi ng through one o

i nt er contfete § yer of fhe eapagitorsn thantiffening wémbérai m | furt her
conprising an electrically conductive stiffening nmenber (32, 232)
supporting the se d .,conductiye |layer, of the capacitor and a device
recei ving reglon extefiSFHyE R o} flaimy} &urther eomoptisipgan eletteicalionduct i ve

trace | avaduaé ddh °{s@@@c' ras ey _conpri Si .an, el ectroni c device
(36, 136, 236) rmuntgsé i h f%jeéacf‘?}ie |E’c§éejd$éei%’éi&\ﬁhﬁée“1%§6f%‘ﬂ%ﬂ"?!ﬁ.’!crs?ﬁthlreni ng
menber, C2pERIRY anghthesitiffeninghembarckage of claim 2 wherein. the electronic
device (36,136,236) includes a plurality of bonding pads (36a, 136a,
236a), and further_ conprises a first wire (38, 138, 238) electrically

connect ed betiween 'Bh@f¢19‘§¥°némna°écﬁga¢ﬁndymdbﬁglamdst@4lﬁlrhbféﬁlﬁu%ﬁ:lﬁlec‘gﬁﬂdu‘:ti ve
e

| ayer ofp i LIk % second wire electrically connected between,
a seconc}no%alo%?‘ﬂ?cﬁée‘{p%nw&i ' agé'&@‘eéﬁg'%gl’@égﬁoﬁﬁh of the second conductive
| ayer of the capacitor and the stiffening nenmber. 4. The el ectroni c package

230) i sposed bet vecn s CRSREECU T E0F DE Kl ot Whrein Bagieiecie  and ¢ he
sti f f enimgenialihmade Efaﬁhm-ceﬂchmﬁvé)pblwﬂéﬁ&éﬂ@ﬁhﬁfgﬁ&?g]gctﬁ%c%l ﬁi % 1to4
r | S

wherein the.diglectric material of the capacitor "has a from5 um
to 30 uﬁ%?%ﬁé%é%ﬁ?%m%%ﬂwéﬂdﬁwmﬁm&m aldi@id wherein the
di el ect rSt"l‘@"ted from the group consisting of barium titinate, barium strontium titinate, titanjum

oxide, lead zirconium titinate and tantalum oxide,

7. The clectronic package of any one of claims 1 to 6 wherein the dielectric
Jayer includes a plurality of apertures, each one of the apertures being positioned adjacent
to one of the interconnect regjons of the capacttor.

8, The electronic package of any one of ¢Jaims I to 7 wherein the dielectric
layer inclndes a polyimide film.

9. The electronic packagg of any one of claims 1 to 8 wherein the
interconnect members are solder plug.

10.  The electronic package of any one of claims 1 to 9 wherein each
interconnect pad is a solderball pad.
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material is made of a non-conductive polymer blended with high diel ecg’mlﬁ
constant particles, the high dielectric constant particles having be 2004
formed froma material selected fromthe group consisting of barium
titivate, barium strontiumtitinate, titanium oxide, |ead zirconium
titinate and tantal um oxide. 7. The el ectroni c package of any one of clains
1 to 6 whereiilt he Theeleetbhicpackeesf cias1Udks.ig Pl urality of apertures,

each one of the apertures being positioned adjacent to one of the

i nt erconnect regions of the capacitor. 8. The el ectronic package of any one
of claims 1 to 7 L the dielectric layer includes a polyimde film

9. The el ectroni cm%gé(’: 5%8‘“8 AYH PRted an the ﬁﬁ*rﬁl-dﬁofﬂw&onﬂmﬁaiemabhhyer

i nterconnect pefléxdls; are sol der, plug. 10. The el ectroni c package of any

one of clains 1 to 9 wherein each interconnect pad is a sol derball pad.

-16 11. The el ectrﬂlﬂ@ppdmrégﬂeﬂbleplﬂadmwtqﬁe' ' ric |ayer
nmounted on the first side of t@%g conducti ve tralééégcltﬁg%gj‘:%@%wéxi bl e; the
capacitor is flexi BY 8P cxending Snpeghihe diclestriasubbteate adjaberit % S&h AR
aperture ext eaﬂﬂlegm%ﬁy&? tfe dielectric substrate adjacent to each one
of the int erconnectagé S; g stiffening nenber nounted adjacent to the
second conductive & affening mehiter sRRARH iace _Leceiving [egion
formed through. the.diel Sctri.c substr at gﬁcﬁlﬁymggg%\ﬁgt%éu vﬁi@""?&&/er and
the capaci t or '€ 3pacitor; an

a device recejving region formed through the dielectric substrate, the
conductive trace layer and the capacitor.
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