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REDUCED POAER DI STRI BUTI ON | MPEDANCE TECHNI CAL FI ELD The i nverit' P ates
to inter Jogodul es for use with integrated circuit chy 3’3%& ND
Mul ti-| a&g@@g)ﬁhﬁ%r connect nodul es are widely used in the%@%oﬁddct or
industry to nechanically support integrated circuit chips and electrically
attach the chips to print dNTERCONNEOEMODYULEMWEPHnect nodul es can be
configured to suppoREBUCER POWEIRDDISTRIBUTIONIMBEPANERd are typically
~identified by the designation SCM (single chip nodule) 10 or MCM
(rmul'ti-chip nodule). An interconmoNIEALIFgEppHoVvi des i nterconnections that
serve to electrically couple an Tntegrated circuit chip to signal Iines,
power |ines, athg oentipn ediates reintescanaeetinaetulss far ugerwith sdegrited nigcwbelrips. | n
particul ar, the interconnect nodul e provides interconnections that _
redi§tribute t he densely packed Mtputs (I/Cs) of the chip to
corresponding 15 I/ 0s on the pri oard. In addition to electrical
i nter connect i aviultidlaydrad fmeroomret modwldshe wislglyastd ¥ theketRisokdnctRGiBRIrgal | y
printed wiring board, and na erform ot her functions

couple a chip to y p | )

such as H‘é&techﬁ“%%aiﬂpiéﬂpmﬁ mireraied FrgRhERpsndsiestacal iy gachrhie hips &0 priefedh
frequency,, I LLod.S J i e bet ween the
chi p i o AngE PRa S nudibolrot SBRNE G (e RSN Rnpdh 4 ARG, TR n-the

20 nodul enulfiple chipapandf are oupdratly ddentisiad by cheddsignatiomS Civp tiaghe ehip atodnke) achi eved

by acin j ete decoupl.ing capacitors within the package and on the
pri E‘i’ ed \ﬂgﬂ\&@f@a{iﬁl-&ﬁlwo ‘fl?)equenci es increase, however, it becones
i ncreasingly dif frkettldnetQnadiht MR iR SRALRbLRA iohOHal FPRABRER HURY Egurgl@e

i nherent series inductance produced by the discrete capacitors.
addi t i on,anligtggratedsaricdié chipumsignalines, pqyveatiods, iahd othghctmwpesntsaadiaditgces in t he

i nt erconnelcé‘e 25.rigo gl 8 ﬁgrrﬁlg%ﬂp ttge. I, nabi Ieic%% gfl t he.di ser ete c?}@aci tors to
funct i on PAREGUEFEEYOE: At GREICUIAE B TEHEP B HHRIYE PR S AT s hnce. As
an al t er nRdtirydsttibutd itﬁ@d@kﬁﬁ%@l@ﬁi ih@iits and epuE 11/0S) btké bllﬁiﬁ b BéreEspahdig@paci t or
structures fornmed within the die. Specifically, an "on-chip" capacitor can
be tabri d4?sen thaprinied wieng deardadupddition & clagteicy ingrcgeredtions andaigeaoanesd pat hs
bet ween t [ [ n e .l oai ¢ and
buf fer cirﬁ(gduuﬁ%g@&la@ﬁ; %W%Jt}ﬁ’a{? ée)ﬁh%ﬁ \é%lb %@6@5 @ﬁgg%}‘? gr&:eds‘ﬁ Bﬁg %?%rgh% yrﬁ?yncr ease
t he cost pefformiagr Alredosd suehiat hedidpsipaion med adsiohghediabpitettionand decr easi ng
yield -1 : ' . . :

To support high frequency operation, it is important to achieve a low impedance

between the chip die and the power and ground distribution lines or planes within the

20 module. For lower frequencies, sufficiently low impedance can be achieved by placing
discrete decoupling capacitors within the package and on the printed wiring board. As
frequencies increase, however, it becomes increasingly difficult to achieve adequately
low impedance due to the inherent series inductance produced by the discrete capacitors.
In addition, leads, solder bumps, vias, plated through holes, and traces in the interconnect

25 module compound the inability of the discrete capacitors to function adequately at higher
frequencies due to increased inductance.

As an alternative to discrete capacitors, some chips include internal capacitor
structures formed within the die. Specifically, an “on-chip” capacitor can be fabricated
during device manufacture, and provides low inductance paths between the capacitor, the

30 power and ground lines, and the logic and buffer circuitry. Unfortunately, on-chip
capacitors significantly increase the cost of integrated circuit chips by increasing die size

and decreasing yield.
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capaci tance that can be added to the die is typically 'imtegaB’EBSR e
constraints and the dielectric constant, which nust be Iimﬁse in order to
avoi d WRAEIEYS) affecting signal propagation characteri SGIESGPYR8 acent
traces. Also, the interconnection between the on-chip capacitor and a

driver or rRRetosef, théasuabl ¥n2hip ¢aphéitdniethat Bagbe sRRUSS 8RCGRe pat h due to the |
use of high resistivity netal, i.s%. , alum num Consequently, the utility of
i nt er niyPicap dijited by space qopstraints andithadrslectris cgasantawvhiahaust g dimitedrini s :

direct 5.l @ dﬁ%ﬂ&@&@@%fe@ﬁ’@é’%igﬁadtrﬂggﬁﬁa&igﬂgﬁe’éﬁ’a%ﬁéﬁsﬁ%s gFL@ace*P& ghodielectric

const ant capacitor structur uced i npedance power and 10
gr oundAdkostheiiixatdoonectias beslelen als: @r-oltipsapscitoo andradtiieradruedengr $emsdually :
i nt erconnect ,npdul es. An inferconnect npdule constructed i.n accordance with -
tRe i nYEREGH blgﬁefasb%mcs%% dueep TSy Oéﬂitgg\:%?lﬁ'gw&hmﬁ St et BRI cui t - chi p
to a pCbﬁ'steﬁQedMy[ t&%tﬂ%aétﬁn&%)caqdcﬁoﬁs% f&fiteqbal | connections, while

provi di ng reduced power distribution inpedance of less than or equal to :
approximately 0.60 ohns at high operating frequencies, including frequencies .
in 15 excess of 1.0 gigahertz. |AUMM#ARMnner, the interconnect nodule is

effective ip limting. simultaneous,.sw.tching, output SO) _nhoi se, core sag,
and ot her 1 Dot BP inEnton s GERE (S eEouay el HeHsRmOREs an

i nt er cam eEsh MBRBIR. cohfarRGaPLSRR StudbikeRo RR/idNAREddhpeiBite ipBGRF BT ate a
series of alternating dielectric and conductive |ayers that are |am nated

tl8@get hatound disgrtmtian, Bovelhistprpsessasrfor manefactihiag [sueh méareennesirepdidemect
structyre i orate a nunmber of, vias..,and .patterned sjignal |ayers that
ot v dnauRab RS B B PR G e B DB R R e o ot e

W 1 i ngrelliabiychttactilfg W rtepisted aireisciptd b Brintkd Wiking bosrdn@WByRidyblder The

i nterconnect npdul e i ncludes chip attach_and board attach surfaces that

def i nebdbsRnagstionsawhilg providingmredhead Pavsr dbtr B psrimpsdanss @6 leshthaRer chi p and

o . ELEF ) T Bt R TRy o 10

i15t er canrecofi b gigahédy. tlhehis hiananemn thet inerddnBect nibdule i effecomnmdimidinguct ur e

achi eves reduced power distrjbution inpedance by the incorporation of one .
or mor¥m ?Oumszyﬁclﬁlagaeﬁpph{%?& m%ec?rﬁﬁ%é’flgé’ﬂi%é?m?s&frﬁ edded

CapaCigéﬂ’r%aﬁ%ﬂ(ﬁhv&g@ﬁ%ﬂﬁ%‘ug geitor can be formed by an extrenely thin
' ' 307 hi e

|lamnate wth a ectric constant material sandw ched between two
conduct i ve Agithisrconthect medulreth adchrdakeewsh dimdinventiong ively éstarparateanst ant

produce increased. capacitance and r.edyced power. and ground distribution
pedattiies OFRLTRIBIBTE ACQFUBHHGE [y Bohict liEBReR i eI 22rREs 2006
20 unitary structure. The laminated interconnect structure may incorporate a number of vias
| and patterned signal layers that provide conductive interconnection paths between the
chip, the printed wiring board, and various layers within the interconnect module. The
interconnect module includes chip attach and board attach surfaces that define contact
pads for attachment to corresponding pads on the chip and board, respectively, via solder
25 balls. The various layers are selected to present coefficients of thermal expansion (CTE)
that promote reliable interconnections with the chip and the PWB.

The interconnect structure achieves reduced power distribution impedance by the
incorporation of one or more thin, high capacitance plane laminates that form embedded
capacitors. Each embedded capacitor can be formed by an extremely thin laminate with a

30 high dielectric constant material sandwiched between two conductive foils. The reduced
thickness and high dielectric constant produce increased capacitance and reduced power

and ground distribution impedance. The number of intervening layers between the chip



WO 03/ 019656 PCT/ US02/ 26756 attach surface and the capacitor, and hence the
i nterconnect nodul e thickness, also can be limted to reduce BRFERI06

i nduct ance _and further reduce power distribution inpedance. |In sonme

enbodi metQ 93P RE%% bedded capacitor may forma core of thdC Y& t6hnect
nodul e. I n other enbodi nents, one or nore enbedded capacitors may be 5

built ar auih surfacy gnd the cgReiios as®herich eheipv@Eonmbét 6 thidknasseslse aih ke
appropriately patterned either before or after the planes are_ incorporated
in the i WicddnFRIUEe srsgaImslueencardvRbeRIcduSH Rosvea HiF RSB ITPRGRES Of | ed

| rpedance.  AS 1R 8BbdimehRiChE EhpddRA caﬁgtﬁ%?kﬁggrfoﬁﬁ%%ﬁ}éﬁﬁhmy take the

formof a high dielectric constant nater IS coate onto a pair of
conduct i weefconest mbdulenn ettier @nbbdimentsy orecbriadro embieddr apaatoromay be t he 10

i nt er connect ang%e. IP thgs caﬁg, t he q?gaciéo structure al so, may be

pre-ri | PBY F8UGd HRrec [Mechch a3 F§IRosYer nd $io48d PHNPHEAN B DPEBRIELY nodule. 1n
one enboghignéd citlRe béfO¥ERH IR tHeSi4Hek Afd iBEorbOratd ih ThenERENBE BN &
conprising a chip attach surface, a board attach surface, and a capacitor

st r uct ur escoTrpodaghvigs and suphos yeitediEddepedases Assn esampicthe ganbsddelr

attachnment of an ipteqgrated cifkcuit. ghip .t 5 the interc ect dul e. The
board ar s gt trallu® o G 46 i AR atefeohibgeotPisbl mEr i iR ST | he

i nt er conpaktia PRECH Rnllctive B6ils)REnel) £4d faeamdd bdbe: madgetdion istHeuct ure has
a first conductive |l ayer, a second conductive layer, and a dielectric |ayer

forhed Bremeriect medpler & thisepsedbotrpagierdiiaeiviealbapay de peofdiled fovermat hs,
f or ned 'Qleta{%ﬁce %ﬂ%@#‘a‘f%ﬁ@%ﬁhe%@@oﬁned&'f'x]ioedru‘fonneCt sone of the first contact
her e Tirst or

pads to eit second conduct i ve | ayer. Advant ageously, the
first contact hpastsembddimentythedhventiopadd disectedatodntibercoanpat imodalest r uct ure may

produce a comnhi ned, j npedance of |ess than or equal to _approxi mately 0.60
ohms at SOFPEEOBAC)RAHA SHLF 3 bR & f_a@qiygfa_c% am_iaﬁfax_aﬁatﬁra&t%acqu-. he
gi gaher t Znip| fhaaNQlhRE d@i‘m%ﬁgﬂghtacf DRLs BV ABEhABNt of g.lﬂ'ri]x’it@ feei cixeui@clgsttgmd for

form ng an 25 interconnect nodul e conprising provi am nat ed” capaci t or
st r Ut ur ¢he ihterarinnectanahiig That beachattashfsadface dedinpd sxgoad baaacd padst fach sur f ace,

and |l am nati.n he. capacitor structure,. chip . attach surface, and board
At ach sARfadEnt o 8 et HartE i & tinfidbiiat byfte: dsertapr SBERTE: ur e
i ncl udes pas 4 kst bokRRAUE Taly %€ a ls83688 coRdREIVO i o £ AR U Alidl¥&rié RY B fordld a
dielectric |layer fornmed between the first "and second conductive | ayers. The

chi p att &etwesn thcslawst Ful sgedndrondpgtivetlayesnt Gendustive piths, femmedohint of an
integrated circujt i pto the interconnec nodul e on.a first side of the
capact + on P ot Pint Sednpet Pl M Ft a8 UiBeuhbitaBhi act pads
f ora@t t agkuvmdicomductive laydt. eAdnipebusdbd first Gordaddiphady, &tk sunbudiyelamsd on
second side of the capacitor structure. The nmethod further includes formng
conduct i wad tEAaRaciton srugtureanayaradese aeymbingd ynpedangent less thaacr egwldot o ei t her

the fir Stapﬁ)troxﬁﬁzﬁa?%ﬁ(?’ohms at a frequency of greater than or equal to approximately 1.0
gigahertz.
In another embodiment, the invention is directed to a method for forming an
25 interconnect module comprising providing a laminated capacitor structure, forming a chip
attach surface, forming a board attach surface, and laminating the capacitor structure, chip
attach surface, and board attach surface to form the interconnect module. The capacitor
structure includes a first conductive layer, a second conductive layer, and a dielectric
layer formed between the first and second conductive layers. The chip attach surface
30 defines first contact pads for attachment of an integrated circuit chip to the interconnect
module on a first side of the capacitor structure. The board attach surface defines second
contact pads for attachment of the interconnect module to a printed wiring board on
second side of the capacitor structure. The method further includes forming conductive

paths that interconnect some of the first contact pads to either the first or second
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contact pads, the conductive paths, and the capacitor struct urél FﬁB Woce a
combi n i ce of less than or equal to approxi matel s at a
frequeﬁ%ogﬁ%g%gat er than or equal to approximately 1.0 'é‘f]g‘a{g@#?%l n an
added enbodi nent, the invention provides an interconnect nodule 5 conprising
a | am catddtivebayer. atle iy cogaclptds; tat donductordutitsi wel thadapacgansteucthirel ectri ¢

| ayers. The | am nated substra i ncl udes | east. a fi onductive | ayer, -
TSP A OB mR e Pk et (B ST e cunsipaeRty DR PR Sconduct ) ve.
layer, fRqaeeynd geauRdiukdn dequabiBlapprodiiflatalySies gidhagani ¢ dielectric |ayer:
positioned adjacent the second conductive |ayer. The first conductive |ayer
defines a chnpgnaddeiambodimentarg inteatior pemddesamdotsrdonnedtagasulel 0 defines a -

boar d | : | am.n .C ' structure is f ; tween the
inS?st %é}ﬁlﬁﬁg’élggﬁ%%magdescﬁtfagé ﬁ%ﬁ%?gﬁ%}rl\%} ° tngu(fcth“lecﬁ?rd\ecg%ang(g Erl?%é:g%t han or
equal . layerapPhicobuinivaite] subdiZate iobides gt kA adidi @ndeétivedagad fisdbrgahicgr eat er
than or equal to approximately 12, In one_  exanple, the thicknesses of each

of t he diglpadric layar Resitimgd ddisaert the/first egndustivesiayerpp sesondwerdurtive layesr ons, and
the thi f 3 L o - Y I I : .crons. A

di st angggggtg ?A%lgr? r%%?%%te gérc E{S%UIH% 8@%&? Eﬁiﬁ%apgghﬁ%(?m{gfé roégﬁcﬁlgvg I@ne?f an i nner
sur f acdheffuttwniuast loendefitds\eehipyterchiisyer ead tHelsatomi coadualvetlayeappr oxi mat el y
100 mcrans. . In. a further enbodi nent, the invention provides, a

i Hter céﬁﬁaﬁa Frsdd P'éacgld?a_ﬁﬁri & lﬁgnraatﬁ‘mpﬁaf%&n@awdstfelfm%il_?q&wm@,e 8%t er nat i ng
conduclyh¥ Qe il dHIEIBE aybfs dnBYEE § thiliGFLGHIBE BRPYL ecgﬂpf?)sdp%:ﬁoﬁfng‘%ﬁ/ & the
capacitor structure, and one or nore vias extendin 20 rough “sone or all
of t he ntioriuis ahd udicdentricieaistant of greitaythas or vinexl &t appriveimaidg 12r & gieat ed or

filled with a,conductive .materjial .to define, con tiye paths between the
| ani natSamPKa R Ebies et & BR -0 AP o 00 GORTIDES GBS of t he

i nt er cQpPREImABHUIZEicAME, WREHR! Rickhel8 o8 ARt aflecBdRyek MeaROdHatd Y g Pat hs,
and the capacitor structure produce a conbined power and groun

dist ri buciass. dngistdagedetwéen aswitertsarfacs ofghe apacsonpprcoxt aed @b 1nngr 60 25 ohns
at a freqguen 0 reater. than .or equal to roxi mat el Q0 .gi gahertz. The
hvent POHERLE bR EERRG 09% RiesS Wil e BR0 s oRPATRY 1Dp Tl 7 (e

i nt er connectn Addith& eabddhterTRlle invehhio@proRides @RBhtyrcbiindtt fd@aki t or structure
having a very high dielectric constant. Consequently, the interconnect
nodul e SPRWPESIHEF lamyrates ppdion girugtegueliampngesondraitveiand diddertieoence at

hi gher i i i jculkar, with a
Feduced AR Eopeb A S0 JrTR b or DG ETBRE S bR MEL LA 0 &
aezgor damoeghkdhe vhall ofthe rbhdurtipeand dislebartileyers Whstbinne viaserefpdated ext er nal
busses, itegus_ i ncreasi,ng system bandw dt h., I n addition, nethods for making

t he i nfBledorifee tonsygliycempierak tordefipg pondystive paths bggweenythedammatedapaci t or

St UCT WhaacithPbicdboifRY%nd Blfer EOKIubOYdMaPlrs 3t teShREddnhEct TR And HHERS,

the contact pads, the conductive paths, and the capacitor structure produce a combined

power and ground distribution impedance of less than or equal to approximately 0.60
25 ohms at a frequency of greater than or equal to approximately 1.0 gigahertz.

The invention is capable of providing a number of advantages. For example, the
interconnect module can be made with an extremely thin capacitor structure having a very
high dielectric constant. Consequently, the interconnect module is capable of providing
reduced power distribution impedance at higher frequencies, thereby improving

30 performance. In particular, with a reduced power and ground distribution impedance, an
interconnect module in accordance with the invention permits faster switching time for
external busses, thus increasing system bandwidth.

In addition, methods for making the interconnect module benefit from the use of a

laminated capacitor structure, which may take the form of a dielectric coating formed
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Thus, the conductive |layers do not need to be plated, pronoti g%@ of
manuf actyrabj lity. The |am nated capacitor structure can 3 gz
construc&‘é@@“lblgﬁéer ned and pre-drilled before it is conbi ?g{iﬂfv%%%’ﬁ”f‘%e ot her

| ayers, facilitating construction of the interconnect nodule and permtting
t he str ubttween two bepper iB. {Thes,able Earduptiapleyers demat nged.to ba phdidi, t i on, the

| am nat ed capacitor structure n re- tested for acceptable electrical
oper at | oA Bt edgei e Bripat S e SRRt PhEe et a 1 5 o
one or NMos@stRcleediateRicd afdl prdl@rilleRiToreaflis BbRALERY Wit thb ottr tdyersacconpanyi ng
drawi ngs and the description below Oher features, objects, and advantages

of the i dardiatingcopsiructioa of ptraintaseoneelrmedide aedpsrinitting theasichctiratd brgere- and

fro 10.¢t I 5. . terym. " uct i ve: used herein ne electrically
con(rjguct i \t/ees%é% %&H%égé%%ﬁﬁ dﬁ%ﬁ—ﬂ%&&% @nﬁﬁ%@wﬁ’a"’?‘gr gtrucclrngg §m§§€(’§: “onal side
view i || ustaddbi fgeptablekRetricanbgerfidskiagd varics o itp Qk&in aignRfconféd htsdlect
nodul e that attaches an integrated circuit_chip to a printed. 15 wiring
board. FIG 2 lpgdgtaiy plenessmers sgibodingrats pidhe ipvepten aciseigoshdmpici t or
structur e | ) [<S rspective view
illust rat(3 f%g{%aﬂgﬁgg%g??%%ﬁtﬁgg{&&?gh% g}’UG%Zth & @Férés’ Qllggag’ a%?oss- sect i onal
si de vi ewdvdntagss othe myeatién will be apymdéntrévim g debaiptid@ ahd dexvaogsend frondul e.

FI 5 is a.,cross-sectional ‘side viewillustrating a second enbodi nent of

t hel® i nt $cHMect nodule. FIG 6 is a cross-sectional side viewillustrati ng
a third embodifemOlcohdiRiveMhLise@MBRGH meRtHISotridalyfdoffiuctiveS 2
cross-sectional side viewillustrating a fourth enbodi nent of the

i nterconnect nodul e. DETAILED DESCRIPTION FIG 1 is a cross-sectional side
view illustrating an el edREk RBEHGRIEFION OFIPRAWINGSr por at es an

i nt er connect 1 As, W he d i inte nec dule 12 30
exhibits | ow %'ﬁd%ﬁcﬁosﬁbﬁg&l{(ﬁ %1? fgivbeﬁfﬁfg%@%ﬂ%agﬁl%{tﬁgpﬁ %agf(%%gt are

especi al liycousefting dndntehiophedt meslubinibyt swchahinfigtegud catiitehip tolapriaed | cul ar,

i nterconnect’ nodul e 12 is capable of providing a power distribution

i rrpb?jancéf‘“ﬁﬂgb‘é’ég- than or equal to approximtely 0.60 -5

FIG 2 is a cross-sectional side view illustrating a capacitor structure for use in an

interconnect module.
FIG. 3 is a perspective view illustrating the capacitor structure of FIG. 2.
FIG. 4 is a cross-sectional side view illustrating a first embodiment of the
20 interconnect module.
FIG. 5 is a cross-sectional side view illustrating a second embodiment of the
interconnect module. | .
FIG 6 is a cross-sectional side view illustrating a third embodiment of the
interconnect module.
25 FIG. 7 is a cross-sectional side view illustrating a fourth embodiment of the

interconnect module.

DETAILED DESCRIPTION

FIG. 1 is a cross-sectional side view illustrating an electronic package 10 that
incorporates an interconnect module 12. As will be described, interconnect module 12
30 exhibits low impedance power distribution characteristics that are especially useful for
high frequency switching applications. In particular, interconnect module 12 is capable

of providing a power distribution impedance of less than or equal to approximately 0.60
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than or equal to approximately 1.0 gigahertz. To achieve redu é E wer

distri W&bgpwk;g)edance, i nterconnect modul e 12 incor por apesarhedded
capacitor structure that is extrenely thin and nakes use of very high

dielectric constant material. 5 As shown in FIG 1, interconnect nodule 12
ser ves chmsagha fisgeenes of greates shanomenual te approximatelyels? gigaheriagFaeddevs r cui t

it b cxhBef PR E8Hi0n PRGBSl b Al Srnithtelled 2

di el ectcapitbagtarcsurt fiait iaderdmrly it & haket BenftveryginirRdenid @ngtast r uct ur e.
Vias fornmed. in interconnect nodule 12 provide conductive paths that serve
to rout®gay s from chi p 14 10 to corresponding 1/Os on PWB 16, and

digtribute powehuan 1:9@9}139 &gﬁﬁ@&@ﬁd‘%xm xtgs& LG ENR- AR cblglgmgrg{ég- Chi p

t
14 may be electrically an echani y coupled to I nterconne le 12
vi a an thatmtyches as aitegrateB zirkbuic dnipddito apsinidl wirhg watd@WBallb. dennecti ons 18

are elegtrical.ly. coupled to contact . pads on | ower surface of chip 14 and
an uppéd g Eit P Tere s LORTED LS 22T TRBAE SR PEM&?V%M e 12
and chigpg ifblREsc ByERGRAArd AnPiRed t%gé’th&etro, foB 'aqﬁn‘ita@a%tl cRRANGELIfPRSedL8 are

heated to undergo”sol der reflow and form electrically conductive bonds
bet weenn opposinegt modulad? ppedde colrluntmeepdths thahstresioweud/Osdronbehipdded t o

fill the void et wegn r_balls 18 and thereby reinfor.ce the nechanical
obha bagsiiPindite LB Rat P WS dar B dsaRuHms T SbS aniahts btRes vo 20
20 can thepthd ARChECRIP an epoxy resin that solidifies when cured, thus

reduci ng nmovenment of chip 14 with respect to interconnect nodule 12.
Consequent | y;hip hé maydeteldogagally and eeachamisally equpdad! thyntsrsiodeect pwiduls 18 are | ess

| kel y T aﬂc :%‘a!. éjf%roid%?bﬁll? EOnAegiitj(%er}rsC%n nﬁz%tsogtfég %ﬁﬁér%}elc:%%%ﬁaﬁg%? %ﬁ:g%rg:QFV\B 16 w th

P . |
a simlar arrgngemen np ular, ’s derve to

el ect ricoapled tcadshtate pAGrCAldwer safiided £ 2hipCPN4ralin {ipds s@facefer connect nodul e
12 to correspondi ng contact pads on PWB 16. The _contact pads on PWB 16 may
bt el edhiercerrdsy madils ld Wher Bigscerregiemeduled3 agd chipakd arepfipched thol@r i ous

| ayers ﬁgg: . ggﬁg il i\, 4 ed to reinforce
t he necaﬁétr}ll%g?ﬁ%\g%&g e \?\cet]eoglgilgterc%héﬁégﬁ%ﬁg%lsgld%ﬁregﬁgz %&Bf%%g if desired. °
To pr ektricatle lcbadblct v bots;, betwdedr qpposiag conmdulads. 1 Anpmdédilladdhysibado a ]
coefficient th | 30, expansi on ( ). that approxi mates the CTE of PWB
16. In R %a%ﬂeglﬁﬁﬁ’éﬁéiﬁ&@@{‘ SO@BH@@ lfan . hE& Fuglogge tP‘é! i abl y attaching
| Nt 0T 3hafiaGLAGY LElldn HtelnfdlBrbule! 1D ol 1 NThANALRR bUREHJ 2 detal
bel ow, 1 nterconnect nodule 12 nmakes use of an internal capacitor structure
t 20 ac hicen be fadheddbmpemepo:di etinithattspldifiesphdanoedohus eslecingamvemesgofal  to

;’iﬁpr OXicﬂlaI} leJ %itg 'rgs%e((:)tqgflsntg}cogrile ’p m% Slléaly. rEyorlfsvgzc?u lfllt )rf],ct g gfectinr(]:(a:f (%%ing iofnrsequenci €s
formed by solder balls 18 are less likely to fail during use.
Interconnect module 12 is attached to PWB 16 with a similar arrangement. In
particular, solder ball connections 22 serve to electrically and mechanically couple
25 contact pads on interconnect module 12 to corresponding contact pads on PWB 16. The
contact pads on PWB 16 may be electrically coupled to conductive traces or vias formed
in various layers of the PWB. Again, an underfill adhesive 24 can be added to reinforce
the mechanical bond between interconnect module 12 and PWB 16, if desired. To
promote reliable bonds, interconnect module 12 preferably has a coefficient of thermal
30 expansion (CTE) that approximates the CTE of PWB 16. In this manner, interconnect
module 12 is capable of reliably attaching integrated circuit chip 14 to PWB 16, In
addition, as described in detail below, interconnect module 12 makes use of an internal

capacitor structure to achieve reduced power distribution impedance of less than or equal

to approximately 0.60 ohms at high operating frequencies, including frequencies in
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this manner, the interconnect nodule is effective in limting Zlﬁﬁﬁt@iﬁleous
swi t chi ng t..{SSO noise, core sag, and other fornms of ;i

degradat i gﬁy '?Hl\f(e(r(y hi gh frequencies. FIG 2 is a cross-secti ona%f“ﬁsfde Vi ew
illustrating a cagagl tor structure 26 for use in 5 interconnect nodule 12.
Capaci t or estasuet LP @igabermyln ths mawef.ithsintercomdect hedule emffecme in lgmi¢ioad

d I d a | b
Formoa by raTeRfReiEEReRui g FEOLaSe R ed Saa Pty Gulfl e ™ °

subl ayer s d3gradatfon adSer3iopmfreduenties 2. I n particular, dielectric layer may be
formed by coatin a dielectric material to at Ieast one of first and second
conducti ve | ay&HE 2ig a cagps-sgetipnahaifle Xispy %Jﬁfgatﬁ’éa'{‘tcaaﬁ%t%ﬁ'@@@l}ﬁe?ﬁfgf L3 1¥1am nat e

G erobtri (RS oahed Gk Ayl ANkl el BT oRORSREISEERE F 5o

respect i vetoond Eomdatctxam hhysem; ndd adideaatic loyet 30 eDieledfric ﬁQen:armbﬁbé forimed by
copper foils, d serve ground planes. Dielectric |layer 32 may

take t he #vaﬁaﬁf ﬁiee%%%r@s iﬁstrar@g B4 Breieets ivlayers 3 8P 35 sheWaint
particl esprghe Iﬂ'pﬁh%larr'cﬁeﬂeé&ﬁ:ué‘gle?%d}%\é f8n Jﬁé‘éaﬁfl aldPicctc GAAMRI fratf rom

the group consisting of barfumtitanate, barium Strontiumti tanate, titanium
oxi de, andecastead of |ﬁrr$1(and lammdtcan@uomve‘l'et}ersl Zﬂaa@mxﬂpbwyappéﬁhg hcairandbpresmt ed

ont o, one bot h of | ayers 28 roll and
ari o " Coftlierrecfizg Rt T af Gied siiiaosic Tl inreteassha AR T om

appr oxi malBley 34,0 6tc@n 80 cHated eNSachiv cofiicAve g@ﬂ‘s@rsaiqb ¥espbbidedy. 40 nmicrons. In
one enbodi ment,  each conductive |ayer 28, 30 is 20 approxinmately 18 m crons

in thickness. Kisiand sesedmoaduetive Tyess %%;ﬁﬁucemR@atf@meallbycmp@efodmn@aer@mo
both foil t | b
ot 150 S BT Ry BB AR ) Bl o,

using heat

and presslsaed oitbitigh cﬂlla&cdioaioe@thﬁu partidée rlﬂ&l diele&iaip paiticles nsdy hecskelecRd 2or
preferably is extrenely thin and exhihits an extrenely high 25 dielectric
constant . crypplextiomithe grpﬁé copastngafibanmmitsanalg, bpruig sEpeyp titanaley Bianipn

pr ef er abl %x*ﬁ ggéﬁix%ﬁﬁ:ﬁ Hgﬂxraﬁeh e 10028 eﬁbn@t lg?ly égh bB23atld Bl%gyhe rgnF)?’e

t hi ckness 0o an or equa appr ox m crons and,
pref er abl wptrmimbn&uumt dygrd 28 304e.gi, by eslbcoating, aﬂdidei:io@onﬁinc&wdilalem& iC

mat eri al S a hllgH di el ecgmrl C cqnstfant of )gr e%’feé or equ
appr oxi matdBAYEch Aave ibiekngisIAR AR fipm appsorima §ip mﬁ“d‘”iss @Gferhe
resul ting Jraapt 66l CAPRFbA. Ridnd Chibofintt, ecaamﬂcﬁ@ﬁvé rggem hotayers, each

having a thicknéSs in the range of approximately 10 to m crons and a
di el 2¢t r i @pprosmtelntl Simictdng in tigmess. 12 to 150 and has a capacitance in the

range of apDr ol Lol bk hel Bk TAc RARTRLATS. BSfed’do B0 AN KRBYRES O 2

significantl y
coating dries, the coated sides of the foils can be joined together, and the resultant

structure can be laminated using heat and pressure to cure the dielectric material.
Capacitor structure 26 preferably is extremely thin and exhibits an extremely high

25 dielectric constant. For example, the diclectric material in dielectric layer 32 preferably is
formulated such that, upon curing, it has a total dry thickness of less than or equal to
approximately 8 microns and, more preferably, approximately 1 to 4 microns. In
addition, the dielectric material has a high dielectric constant of greater than or equal to
approximately 12 and, more preferably, approximately 12 to 150.

30 The resulting laminated capacitor structure 26, comprises two foil layers, each
having a thickness in the range of approximately 10 tc‘) 40 microns and a dielectric
constant in the range of 12 to 150, and has a capacitance in the range of approximately
1.4 to 132 nanofarads per cm® and contributes to a significantly reduced power

distribution impedance for chip 14. Specifically, the first contact pads, the conductive
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di stribution inpedance for chip 14. Specifically, the first CQ ﬁﬁi Uﬂg
the conductive -7 2 2 F E B 2006 WD 03/ 019656 PCT/ US02/ 26756 Whyng t he

first C conductive |l ayer produce a conbined inp (é&}r\%% is |less
t han owoeﬁlzoa{&lgo approxi mately 0.60 ohns at a frequencye‘\)of gr ea?gr t han or
equal to approximately 1.0 gigahertz. In this manner, the incorporation of
capaci tfhsshidiht EER of SecoBl ORAIRSIvE &SkPprodied £8bMBinkd ﬁﬁ{s@ﬁﬁb@tﬁaﬁ/\kqé}.&n chip
14. 5 Lam nated capacitor structures suitable for use in interconnect nodul.e
12, as th@rl or eqysl tprann@gg*estekyd}t'it?rahmﬁ alca requenty gﬁgrﬁatgf thaaoneeel tar e descrl bed

ngt (laJntS £B t"?’gg ol 8 §%ra|g%‘f& 21%41"535%’2?%%@ cbigotth gg@g%ﬁ @'&&?ﬂ NG EPOXY

DI ELECTﬁbﬁoteAYﬁFér@{dRElﬁngWeﬁhbxﬂwsNﬁﬂhERsMpFLWENES filed July 10, 2001, as
wel |l as PCT publication, 10 WO 00/ 45634, the entire content of each_of which
i 51 ncor por dtARNAEd ERMACHYr STRICEIETRablefpr use,in ipreonpecmodlrd 2y at Welknced

pat ent d3 § mat eri al that
i ncl udeége)géldeg%%)ggr}ﬁ rﬁlgédéuﬂ\fm%'? ﬁﬁﬂgrt}q{?ﬁ]ﬁt@a{ ta ?nda%?ceﬁ%ar Fltglsgﬂ;ﬁgéllﬁgp dielectric
mat er i ad,2Tg324p encogteedingnnd comppaiy imigned WS tpating spplhtich sarabno.hen | ani nat ed |

1 st r G B e BEA BoR ik SN End R D ELECIRICLRYARCERES 1020 o

struct Wﬁ@m{mﬁmﬁd@w@m ﬁflapjdlyi@tzoog ShOLIRGEPET pAbN&RoAN a rol |
prior to use in interconnect nodule use in |nterconnect nodul e 12,

chPaci t WO &/ 2uthe eaBreccantdpe of erchtod whilcdeis ammdrprated dietesy bieckferenger e- dri | | ed

accordi to the, de ect no rti uI ar, Vvias,
T aoes ol spbtcne ERofretiron’ed Sold! BRSSP atihube piePaBhpl8r Gt rvetire
26 bef afiglettAt l6QANBfat 1P 8n dgodySlohdtd WitRbsaR kiethate faddded. tTfe Structure 26
can then be |lam nated wth other I'ayers within interconnect nodule 12 to

f or m a Pelekegamatdra Wtb&@ﬁé@d@ntmpéf fod substratespwhirhawelthen lamiasther side to
PW\B 16 %% %%tf% cap %{gjﬁ%ﬁ%g]&gan be used in a variety of different

|ntercon dition, sone interconnect nodul es may

i peor por at e RIWD3 & a parspect aP iein iflistsdting Chpdcdter buctlire @8.of 4G Nresgiwm number
of exanples that illustrate this variety, but are not to be considered

i mi ti g F8E 3 sapacHoeHnichre 48 cpp Bagiage @ﬁﬁ’@&ﬁ Eg1ladng $tarage @s paeion.a For :
| .
exanp %n%ﬁﬁ?&" Lgsg i ﬁﬁ&t’{i g %ﬁ £33, RSy H§eeiﬂ ¢ Ve&{t%&’dﬂie E‘i‘; #L%gBFO””eCt

nodul e I ona ec ri ¢ and con ayers uilt about
t he corseructure 2hctnitercudé azaami pre- ;iamnﬁdpaptetmnesitarcumtdmgets thﬁdetm dfe built

about a netal or dielectric core, along wth intervening dielectric and

conductth@dterggrniest mpdule hpargedar, agﬁd&%@nétoﬁmm@%e PRBHEM Butes to a
r egucedRRuP dhalifol DR J6rRES2 MErcBREPHRARESS it 38ilyPAssabledNi NO

Capacitor structure 26 can then be laminated with other layers within interconnect module

12 to form a package that attaches on one side to chip 14 and on the other side to PWB
16.
Capacitor structure 26 can be used in a variety of different interconnect modules.
25 In addition, some interconnect modules may incorporate two or more capacitor structures
26. FIGS. 4-7 present a number of examples that illustrate this variety, but are not to be
considered limiting of the invention as broadly embodied and claimed herein. For
example, capacitor structure 26 can be used as a core for an interconnect module, with
additional dielectric and conductive layers being built about the core. In another
30 example, two capacitor structures 26 may be built about a metal or dielectric core, along
with intervening dielectric and conductive layers. In each case, capacitor structure 26
contributes to a reduced power distribution impedance and promotes faster switching

frequencies.
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frequencies. -8 22FEB2006 WO 03/019656 PCT/ US02/ 26756 exanple, two
capacitor structures 26 may be built about a netal or dielectrigfebi®) al ong
with intervening dielectric and conductive |ayers. In each case, capacitor
structure"é@“-"&%ﬁ?ﬁrl butes to a reduced power distribution iFRIéUREE™aNnd
pronotes faster switching frequencies. 5 FIG 4 is a cross-sectional side

vi ew i | | uskimpleN@vodcabhdiflr siriMitfes 08 RESbe Bl houd 8- methINr A GENAL BéreBHHE € 36
"has a chip attach surface 39 and a board attach surface 41. In addi ti on,

i nt er conne&¥th inEsaAnEngIBelepieic gaé sordistve layerss dn grchusese, 28PA5HOT ﬁglcmrﬁ 36
conduct i V%omlnmg tozz??edéj?e@)ﬁb%f?%‘sm;o%'%mlp e §9d gfﬂogrgmég fater d,!h?rgg ric layer

32. In the exanple o capacl tor s ructur
conbi nat i drequertckessecond and third dielectric layers 10 40, 42 and th| rd and

fourth conducti ayers 46, 48, The conpductive and. dielectric, |ayer shown
in FIG 4 are Exgp‘téséo“%%ﬁn%?ﬁ‘ﬂﬁ"?aéé‘IdFyl%ﬁg‘?tf@wﬁa@bﬁ{%fm@?ﬁ’%?lffl% 6 36That i s,

each di e'lﬁ%k%h&ec%mﬁ&l@%%b ‘éghlr?az}f@:&h b4 A 90 A HdaRt: &%cﬂfsuﬁé%:@aﬁ' tlgr
structure 26 has a correspon l'ayer of the sane material formed on the

opposi t e silditionfintehmnoeg avidubr36 mthn:lcst capecital Strdstufa2d eingsictworiduci¥eG. 4, a
first via,44 tend throuhdle ctri | ayer from chi ch
Surface. adtnToeridsopaastie it o ait i GYEGRg Toten s iR xaar Rt 516
dielectriq, E@ﬁ@l&or%&uéthmepialf&n?é&;ﬁfebmmahaﬁ en?h%ec@dadanmﬁm ARlREiAaydks I St

conductive Ig% capacitor structure 26. Athird via 47 extends

t hr olfyh did@] tand fblrﬂ ayféfoum dopdwnstivedaiers 4. dcHhs @pn@@évmnd diskectrisrlayarat es at
second congduct i v YE ach V 47.1s 20 pl ate th cpnductive
mat eri al ug?% maﬁlfl:IT %f {ﬂlgp%s Imcaﬁég R%‘iﬁ(f 6@3(:1&055?% eiéeﬁlhw ®nSWh in the

m cr oel ecidicdvitte &ecbfndacaweqayeafcsrmoaldnemaaidevcﬂ“lcypacetaﬁktmut@e%,ha%, 47 is
filled with an electrically conductive materjial to define a conductive

pat h. Cap&ereppnding layerpkthgsame magesiab fasmgd jop thgiopresie sigle @Eths capacteance hol e
for via 44,...¥.as 44, 45 can be plated with a conductive material at the
surface o c(fnp attach surface 25 39. Simlarly, via 47 can be plated with
a comducti ve metsdinfthdr shbwhlmeFE(t‘urzt adestofia Maxtdnmmanighslwlécanela%zs 48oh2ler

masks 50, 52 can be . a to chi ang_ boar attach
surface 4ffon ‘él%‘BéE?‘i}\rg‘F{? ‘#Qf\ﬁc éu&fjﬂce fg&f?conaa’ 9% thigugh 50, 52
exposes  gidaitidfy erpﬁﬁﬂfr@qucﬂgﬂ’l{ac}?@mac\é'@ ﬂlfdtef‘xgmaﬂag at fifdt c@rﬁﬁmﬁa &olgder
mask 50 exposes contact , 55, whéreas sol der nask exposes cont act
pads 56, %7 caBelterestruptirs %6 adshicd atacky @smendsttmoug’redlclmpwdayﬁrlﬁé fiion gcmd over
contact p

5 at ed fl tr d
nechani calag‘swrWT %1 ’taﬂg i I?aé?;st 5[.5‘%@‘1%%%‘%5\5&"% éayeggﬁdg? e“ogf% (4 %’a%g?n at ed
wi t hog he boasdwaRBoRRicAld MR aPYEAg 8ONSAGE dGRMRIonTBchniylics RG@hRAvelRNd

reflowed to forma
known in the microelectronic fabrication art. Alternatively, each via 44, 45, 47 is filled

with an electrically conductive material to define a conductive path.
Capacitor structure 32 may be pre-drilled to provide a clearance hole for via 44,
Vias 44, 45 can be i)lated with a conductive material at the surface of chip attach surface
25 39. Similarly, via 47 can be plated with a conductive materiat at the surface of board
attach surface 41. Solder masks 50, 52 can be applied to chip attach surface 39 and board
attach surface 41, respectively, to cover vias 44, 45, 47. Each solder mask 50, 52 exposes
a contact pad adjacent each via 44, 45, 47. For example, solder mask 50 exposes contact
pads 54, 55, whereas solder mask 52 exposes contact pads 56, 57. Solder balls associated
30 with the chip can be aligned over contact pads, 54, 55, heated, and reflowed to form an
electrical and mechanical bond with the contact pads. Likewise, solder balls associated
with the board can be aligned over contact pads, 56, 57, heated, and reflowed to form a

electrical and mechanical bond with the contact pads.



el ectrical and nechanical bond wth the contact pads. -9 22FEBZ$?FE Eﬁ%}
03/ 019656 PCT/ US02/ 26756 In the exanple of FIG 4, capacitor & 8llte 26
forms core for interconnect nodule 36, with first an ﬁ;ﬁg nducti ve
| ayer s%&@@&g"?orm ng power and ground planes. Second die e@?@f’%gl ayer 40
is formed between first conductive layer 28 and chip attach surface 39, and
t hi rd condult the exdraplenf £685.i 4 chpadaited sthettue @6 feaaoa dordifed mercamettayer 5 40 and

the chip.,attach. surface. | i cul ar, th ducti ve | 46 be .
bt t or TSl GO VR i aRe setoap aaduive Bierl, o gSRne BhvPat Upad o ¢ aver 42
i s for prfksbedesmnndisRERIRayer QDM!IFIrinkd beAVeRh 78 BRGudNE IBRand 234 ERiph surface

41, and fourth conductive layer 48 is formed between third dielectric |ayer
42 andattdsh spdased % npdittirdognduiive 1ayeg 46t Bormpd between senead ididedtuy bayert6, t he

R b Y BB SRR B R BB 102

hi gh- f&iﬁﬂﬁh&'&:ﬂﬁbe&is@ﬂgaﬂiS&nﬂia@l'y?ﬂﬁtfdicﬁel&btbiﬁﬂéﬁf 22 iPforhb@bstweshGdtoad pol yi m des

and pol yi m de am nates, epoxy resins, liquid crystal polyners, organic

mat er i edngluctiye layen 30qandithe baprd pitaghssurfasppt.iasd dowrth Fanduetivhlapen 48 isf

POl Yt ehfralh BOLAEH BRPREIcl 1 Ul Moo hldchSlrmald! 10RE skSpfEDOCT BNt

di el ectric layers 40, are ‘made of an organic material such as

pol yt etamltittinar lagdritpl dedod Ednductavdlaner 48 @artei eitteakl Yo fam enpangets PTFE or

;@PTFE" which is inpregnated with cyanate ester and epoxy. The PTFE
teriaf 5r?ay be, in particular, an expanded pol ytetrafl uoroethyl ene matri x

cont ai ni ng ! B I L (Gl ler. 20

Conducti ve ggaerélg@?élngé lﬁ%@gE)%reﬁoﬁrﬂpﬁggﬁ%qgh}ég%gggltl?@g&gnﬁﬁ ef?lllél , such as

copper ten(Petature wegdni kdiolertric gnbliicits matemimtsesuchlas pobiiméales and polysediesuch as

al um num. gold, or silver, In this exanple, condggctive Ialyers 46, 48 may -

cach hiETindEy, FpeinesiEs.iliatid yStaLpRiEmER. lgpRis FAEH AP S HUMAER s | n one

exanpl @om%!i‘s%dfahleﬁgtﬂﬁﬁrt of pﬁi&ﬁaﬂﬁ@ﬂ)‘éﬂﬁién\éewhﬁ%?@vitﬂ@ut £8114:S 1RBpt oxi matel y 12

m crons. electric layers 40, 42 may each 25 have a thickness in the range

df appewmkodineat, died@ttiolaygs s ctdars. made adae oegeanpineterinhaichtahi ckness of each

di el ic 40 42 | i i ly 36 i . ; i
bet veoholfustiiapebyRe i R Gk iritntenty aheb g sk hRer urtace
of contvkch iPAfpraEndtEd mﬁﬁyM@aﬂeslé}Qnmega)@ﬂserE hatdiRl eemel @ of FIG 4,

| ess than or equal to approxi matel 6 m crons. 30 The various |ayers of _
i nt er cpaiedar, gb gupanded pelatetisduerogiéanctnoyex Reptaimmg 2 mikAdreyeRAe @8Phg heat and
pressure.. F eXxanp .e | .| the |l ayers can be sinmultaneously | am nated :
W th aﬁ%o[xﬁea(ra[l?sﬁa(eaaq@tlggﬁg.gmﬁ\lfﬁ{ff‘nati vely, the layers can be built upon
a@paci tor  Conductive layers 46, 48 may be formed from a conductive material, such as

copper. Other well-known conductive materials can also be used such as aluminum, gold,
or silver. In this example, conductive layers 46, 48 may each have a thickness in the
range of approximately 5 to 14 microns. In one example, the thickness of cach |
conductive layer 46, 48 is approximately 12 microns. Dielectric layers 40, 42 may each

25 have a thickness in the range of approximately 20 to 70 microns. In one example, the
thickness of each dielectric 40, 42 layer is approximately 36 microns. Thus, the distance
between an outer surface of first conductive layer 28 and an inner surface of contact pad
55 is less than 100 microns and, in the example of FIG. 4, less than or equal to
approximately 36 microns.

30 The various layers of interconnect module 36 can be stacked together and
laminated using heat and pressure. For example, all of the layers can be simultaneously
laminated with another in a stack. Alternatively, the layers can be built upon capacitor

structure 26 one at a time, and incrementally built with one or two additional layers added
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structure 26 one at a tine, and increnentally built with one or two
additional layers added -10 2 2 F E B 2006 WO 03/019656 PCT/ USpf./;@@?@@ n
each lam nation step. During lam nation, dielectric |ayers 40, 42 nelt and
fl ow i nt owpha/o1wbear ance hol es defined by capacitor structB€CBUBR/H6P6 via 44.
Via 44 forns a conductive path that interconnects contact pads 54, 56 on

chip att; : a - at-f ac : 4 I n via 44
s Gapabl B oay LS Shoo TR BbA B IGE My o ARONE et R e
chip to tdcammalhslesdefitgl B\ Bipacitbratrd&ureefoc eivngt s contact pad 55 with

first conductiyve |ayer 28 of capacjtor structure 26, i_ch f.orm a power

plane. Similar 19,44\%‘3“-%1?"? ?%‘g?ﬁifé@laé l%gﬁ?wtsggatastrp%%ﬁ» Sg‘g%f)}HB o

conduct i b i@¥ffac389 am'bs&g%xcﬁaﬁmcgwr s R ,-Yiéh&%f hhyeky. first and
, 30 may forma groun

second conductive |ayers 2 pl ane and power plane,
respgct i velerconiértingtl4)’s onnthet temphalseas3@iated withcheickdp tatermplats onitas PRI | ar to
vial 44, .5,4 47. Via 44 serves %g ! rﬁtfercongect <iont &ﬁt fEads. on chip attach
surface 92ARJUHIEIPRECA FUEHt BRd pyuvdth fifst copdyctivedayer P8 of EAASHUIGHNERES on. Vi as
45, 47 setgyvhich i Biornt Gy pRiRd SafladRWes 47 RedrEdtetds SohtaOiPatiig WBigard to
the chip. In particular, interconnect nodule 36 may include additional vias

t hat i nt eceudrronduciystlaxer 3pawbich maydarm agrounsplane: fAltematively, first apd st 15

conductive | ayer .28. . distribute a power_ o round potent.ial to the
conduct i vséiccfngi‘ycef1 du%vger%h%ﬁsezga&m g f;%”r“aarﬁf?/‘,‘“dgﬁa*ﬂ% VP aé“ftf&f/pelchf’eg?"connect
secoad conductiniecdnay@mddule @Qﬂﬁg@ﬁclw&dﬁumElecﬂhpsiaﬁltaamiasmf,as,e4769viao

di stribute ground or power potentials to the chip. Vias 44, 45, 57 can be

formed fdtd SwendP inksreonerioronict Padsemncbimatach sudages 9md hoard gtaeh serfacar . vi a

44 can beyf qr o [ARNN Ik aser L OR: e ribed, for
20 exanpl B 1 188 ifEloohhiRoft” VB3R! 47O \PRBIAGTROET AR MERE 0L ¢

i ncor por giceghtialrisim thyybazed arthackip. hophenlag ihtardonadat elvdukdedesy imakids 50, 52
are added to. interconnect nodule 36 to cover vias 44, 45, 47, Sol der masks
50, 52 ardtifa ‘ﬁ%%‘?‘é?ﬂ&d?‘t‘ﬁ‘eﬁé’f)f‘%t paéaﬁpije?f_dpaéfaghs fics 1 v firgy for receipt
of §¢l derohaldive flé)%FD@, é?@.', R ARALRME povs BEELouke lp_Mten{iél t8 %&H@&W_e% S,

i nterconnect nodul’e 36 may accept a "flip-Chip”" integrated 25 circuit.

~Fl i p- chi from thet R WE. e¥itralarly, plditaimabvige ndg intbebhsecs secand cendnctivhiaper tol i ppi ng

- the chip _ove | i gning the chi ith the contact pads on a,substrate, such
as-i nt er coRisbtadhondPie Rsh Sufatenofh i fRlg R bradte i Y B face ©o

establ i sh bondiag4betsvserah BE féitieR falldlvink Manindtisd b BnrcdnRedith&iui@rgier, the

contact pads are distributed over the entire chip surface rather than being

conf i ned pastiqubas, et sae by fersnedbydribng onldsargblatian pegsessgaavdescveedd forbondi ng

(TP, DA FRSY, opL S TR LICADHBART e S P B AR O
I nt er connyclefepéifce C @Bllowing lamination, solder masks 50, 52 are added to interconnect
module 36 to cover vias 44, 45, 47. Solder masks 50, 52 are then patterned to define
contact pads 54, 55, 56, 57 for receipt of solder balls from a chip and PWB, respectively.
In some embodiments, interconnect module 36 may accept a “flip-chip” integrated
25 circuit. Flip-chip mounting entails placing solder balls on a die or chip, flipping the chip
over, aligning the chip with the contact pads on a substrate, such as interconnect module
36, and reflowing the solder balls in a furnace to establish bonding between the chip and
the substrate. In this manner, the contact pads are distributed over the entire chip surface
rather than being confined to the periphery as in wire bonding and tape-automated
30 bonding (TAB) techniques. As a result, the maximum number of /O and power/ground
terminals available can be increased, and signal and power/ground interconnections can
be more efficiently routed on the chips.
Capacitor structure 26 significantly reduces the power distribution impedance

within interconnect module 36. Assuming that first conductive layer 28 1s a power plane
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be nore efficiently routed on the chips. Capacitor structur ﬁpﬁ 0
significantly reduces the power distribution inpedance wtHi an gff' connect

nmodul 6. Assumi ng that first conductive layer 28 is ne -11
22FEB§6§83’“‘\R@%3/019656 PCT/ US02/ 26756 and cont act pagp‘gg/wlg‘iﬂiégﬁpl ed to a

sol der ball that contacts the power input of a chip nounted on chip attach
sur f amed 36gtattipad 56\ie cougilat toi dnsldeo ball thpe danaas dizgemwes dapuy of Aehipchip is the

conbi ned i npedance of cont ad 55, .caopductive via 45, and first '
condudpfupied qr’a&%i’a th’P QC% "'H‘?‘g‘frrq‘%[}g‘i‘tb‘ﬁl TRsAeRRs LS rﬁE‘? g%léhf not only.

capacichip/i§ theds¥mbiRc gt feSnce D CONRONGALSS, cafhclive HRRSNARNrsPEoriduegiency of
operation. A technique for calculation of power distribution inpedance is

set f daxen2B.aflbe ppwer dibisibyéer mpedanes infludesEnotonly cpesitivedutt inshelivesi de vi ew

illustrating.a _second intercannect dul e .58 ith.a i p,attach surface 59
iha o B AR Srep Gl o RSy Mo RRe i ateahidieTPL PGB o oau o s
i ncl ugRwvepdig@Yutiah iBpRRAGES BlseSlorhahter & tRE déksdriptidnl st and second 10
conductive | ayers 28, 30 and a first dielectric layer 32. In addition,

i nt er connedfGnd A @ossscliond! gideyieve dstatinge sasopd inderepraect medplgydr s 60, 62
neet . t _ ' d e
ayer et § &P alath AnbeRs LAl o SARASILA sl BT WoSpdn abelis | COnt ek

sur f adftel@nnddt idulels sciaolided 4 Yehttabyiaciodr stiticfugs DB idheiryemd sedundd diel ectric -
| ayer 15 62 and board attach surface 61, First _and second conductive |ayers
g 3ondurtive lanepolte 0 and a ditghielepna faver 33vnby additioms intercameect BGAME conduct i ve
| ayer i r dielectric

| ayer Baneaf B R B4 LRINRH, B BN bABRo BT of Qrigheblofl

sur f aceub@re Mhereas a fifth dielectric layer 70 is formed between fourth
conductive Q0 layer 66 and board attach surface.61. Finally, conductive
layers 71, 4 I@aq?nggctfvarlm g qu@eéi’iﬁ%ﬁné‘iﬁmé@éﬁ%“% crefkinl dipach

sur f aceGlsurf48 p@.cwf*é@hb{ ﬁoﬂwﬁp@bparém fbien Al dtiEen tmrﬁfd@aé@@c pRef tures for
the formation of vias. Thus, the Faser used to formthe vial 1S applied to
&bl at e2omk portieatucle baticeitd. mtseanddecorCbrmhdottivedlayary @8.s3®Brhay 66m 71, 72 al |

may be fornmed from copper,b, wth .a thjckness ,25 in the r e qof approximately
5 o PR B aouaR Bl aRD Sbefias it it S8 Shpcuichng ovikd. BF Wyt o001y er o
60, 6Z%attbRed (PfTRYsidAY Biydrst hi ckness in the range of approximtely 20 to 70
m crons and, nore prefefably, 36 m crons. Thus, the distance between an

outer surfAafurdidicleetsic lasgn@8iét fopmed bgteieen ivhepndnctiverayerddrandsbirof cont act

220, i RS0 e RIS 0ol AR LT E P Sl 0

sequenkyealobind Bbadrataem el 6€. IFaydIRScodductBR layers 71, 72 can be formed on '
die attach surface 59 and board attach surface 61, respectively, and patierned to define
preformed apertures for the formation of vias. Thus, the laser used to form the vias is
applied to ablate only the dielectric material.

Conductive layers 64, 66, 71, 72 all may be formed from copper with a thickness

25 in the range of approximately S to 14 microns and, more preferably, 12 microns. Each of
dielectric layers 60, 62, 68, 70 may have a thickness in the range of approximately 20 to
70 microns and, more preferably, 36 microns. Thus, the distance between an outer
surface of first conductive layer 28 and an inner surface of contact pad 71 is less than 100
microns and, more preferably, less than or equal to approximately 88 microns. The

30 various layers can be laminated together or sequentially. After conductive layers 64, 66
are laminated to dielectric layers 60, 62, respectively, they can be patterned to define
signal traces. Similarly, conductive layers 71, 72 can be patterned upon lamination to

dielectric layers 68, 70, respectively.
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are lam nated to dielectric |layers 60, 62, respectively, they can be
patterned to define signal traces. Simlarly, conductive |ayersy jq:ggqalﬁcan
be patterned on lamnation to dielectric |ayers 68, 70, res ectlve -12
22 FE Bv%tj@%(\ﬂo 03/019656 PCT/US02/ 26756 |In sone enbod’Q%Vé‘)‘

conductive |ayers are "bal anced” to pronote structural unlformty and

resi st def or mih berie embodithehBEhERbnGICtS kBS8rs dréd “Rddiick & Ulcfromoiicturse | ayers
“symmetrical I y B’OSI ti gned on opposite sides of ¢ lglam tor structure 26 may be

~ reci pr oc 3Mfgrmipoandtesiet deforation due ialbpma stresses. slarpartigpias, emdpel v layess |
| am nat ed rﬂﬁle{}lc%H?g ihﬁ% yer 511138 S8&NGL] aft‘itBr ?tﬁr%%%t htls&% ipkdcanty Ne metal

concentration in & appr oxi mat S mannar’ the CTE
of one | ayestruated sa tiET Eaahfhatslﬂ& aihfeatypd a&metaaﬁﬁl lamlixsellﬁhtrl Hhtey theespunaind t her eby

bal anci ng Oggg anot her and m ni m zi P of the jnterconnect nodul e under
t hertral SicAgEWIo ggptqR aLross \ésrt@‘éﬁ??éﬂgtc%‘??“ ratereineaRh dyer weepra¥ mgelynel udes a

number Ofeg&fi’ R PAEnneil- Oché!  of A MayRB m{?de-'% F‘rigt dc}t‘ Stﬁ% gﬁaer %9!3104}6 Eﬁﬂsf‘a[ﬂﬂfaﬂ prough

diel ectri ayers 60, cont act at signal layers 64,
66. El ecequodeabe8By bﬂd:;tcmgnonmmthamnd autinkkinp cvavp afthé8nterc®nat meddufe at t ach
surface 59 ang bogrd attach surface 61. Typically, blind vias are forned

t hrough 8RHS BFBIAEFESSEctric | ayer and are used for routing connections

between two @g} ﬁ@qﬂter&faﬂswbhl meert&m%éﬁnoméﬂ@mom&t LRmPeASt &Alultfel Or med
t hat extend throug a 15 plurality of |am nated substrate |layers in order to

contbct ivisst Juch e burded vie 85awybmh extené threughodiclertvie layeye6, @aamdbempatt t er ned,

a0 oY REEREA, R s Rt ARl AU B EYS g oh e

may have gant eip badsuafaes SYaR] Biard @sschtshaaco@R I Dygiv@lye biind biafh@rfofised i N
di anmeter. The range of aspect ratios for the blind vias may be in the range
of 1:1 t&uroeehsenly oppdielpstricelayqrand ascsse éor rauting srngrGonFhPtWENfyPNed havi ng a

via entrapce, ‘t“cgﬁcﬂncﬁif %gersml-ﬁfv\%,@& Nfla G5k %E&?’b@g; s O%Qg&nﬁktﬁhﬁﬁz{' ¢ layer

havi ng a th| ckness o m Ccrons or power an Istri
i nt BY conphgilityod idneins8d allllstraleﬂﬁjfandﬂﬁorder tneoherct ofuliCondlictivy ybr Ted vi as 81,

87 that contact either first copductive pl ane 28 or second ¢onductive pl ane
30. Via 8?“%’6?1%’%1 Srséﬁ“LFé’é‘{‘ ?JgaVéa%X“%‘ieW lind was weconRsst, ad; AR5t ur n,

contacts .gn Blctipd1yER f?&ﬂlé(p B%gellﬂﬁe :‘qu tlﬁyac?gaﬁlﬁrohgftﬁnzﬁc oVardl &fy tacts an

el ectrode 85 at srgnal layer ontacts a via 83 at board
attach surfaceé Blind vikacly Hawe amdntvme lapgrtlhata’éleamthaa peptoximadicly 76fmisetnseen

gt TR R T W Wl R A S
refpowed st jf R CF'!ﬁ“éQ&rh{ﬂ% dynga v Ith ¥t Bstméf havifg a ¥ erthBkeMdth of 50
interconnecting I/Os on the chip with 1/Os on thé i nt erconnect nodul e 58.
microns and extending through a dielectric layer having a thickness of 50 microns.
For power and ground distribution, interconnect module 58 also includes a
number of conductive buried vias 81, 87 that contact either first conductive plane 28 or
second conductive plane 30. Via 81 contacts an electrode 79 at signal layer 66 that, in
25 turn, contacts a blind via 77 formed at chip attach surface 59. Via 87 contacts an
electrode 85 at signal layer 64, which contacts a blind via 83 at board attach surface 61.
Each buried via may have an aspect ratio of between approximately 3:1 and 25:1.
Blind vias 78, 77 receive solder balls from a chip attached to interconnect module
58. The solder balls are heated and reflowed to form conductive bonds with vias 78, 77,
30 thereby interconnecting }/O’s on the chip with I/O’s on the interconnect module 58.
Likewise, blind vias 80, 83 receive solder balls to provide electrical and mechanical
connection of the interconnect module to the board. The solder balls are heated and

reflowed to form conductive bonds with vias 80, 83, thereby interconnecting 1/0’s on the

interconnect module with ¥/O’s on the board.
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Li kew se, blind vias 80, 83 receive solder balls to provide electrical and
mechani cal connection of the interconnect nmodule to the board.Z FEBell8ol der

balls are ted and reflowed to form conductive bonds W i 80, 83,
t her eb@qoﬁr@%@ nnecting /O s on the interconnect nndullj\gr\}/\ln%t"#%%' s on the
board. -13 2 2 F E D 2005 WD 03/019656 PCT/ US02/ 26756 The blind and buried
vi as pr esentheblirgvandricmict atesereseghalovpmtihctafeer digvend pathdficihegreduopegdance in

i nterconnect nodul e 58. As sh in. Fl G, via .78, contacts copductive
| ayor GBS an HiGRUEIL TSR 14F PEMEIATICT S Oif 1BaoTRgS SRRl od via
cont acth$er@aNAMedhi prSededy Riterfy oMUl t BiRSPaEIS6! slaMacditagont act via 80. In -
this manner, portions 5 of the conductive |ayers are routed al ong parall el

but veganduetiveayphbewhishipneceeds tateralheto contactwie 8¢ Isithjsaiannéropdmigns n opposi te

di.rect i ops, rrangi ng the signal s in.the abqve manner. a. ual

i Fuduct%lfgt eec?[g)rﬁﬁ@‘ée %¥&3 ag’f’io}‘gefd aé‘?'bgr%ralkép Hp‘éeéﬁﬁagmsf’\ﬂfet aéh%évétmée adj acent

Si gnalcl@@hhgﬁs@%@ﬂbw@r@ﬁ&ip@oﬁté@%@bns_i nduct ance fornmed by the second
conductive path segnent with the first conductive path 10 segnment. This is

due to the PBrnatrangiag theysignalsintheshayg mannet ginythel infduarice dagnadrbyohe
. “ne i : . | ) .
dir e“ﬁ:%{‘mgxﬁ]hl ;Qﬂ‘a sg]gﬁéﬁt &!tﬁﬂ?%crgg) taglaaf%grﬂggggl%%ﬁz{lﬂ sg%rglxvrﬁ ,cﬁx?cr??%]%%‘aﬂ&f' te

direction n adracent s e exanple of FIG

5, capiadididiceTomuat by the 36cond condlicive pytht fapmeniwith e filshe>rslac®velpatlle, presents
a high dielectric constant. As a result, capacitor structure 26 15 reduces :
pBwer WEBERt b rilueip thrataetehel aument llowimgdbionek thangauflews g onhen conbi ned

sl B4R PAR LS HENREGoBE Pk DELARE KA BEhhABpcegPact o

f r equesignat pathlsogreedt. 0 gi gahertz with a power distribution inpedance of |ess
t han or equal .to apout 0.60 . FIG 6 is a cross-sectional side view '
i 11 ustrati ng8AantAt %erfm?egﬁh"& HEITSTRELIe 5o Sex RS R A 6, third
i nt er CRRRGRL i ARIMcSrRSa hidhl HHES iR oMM 2las G3PRMH, EAachbY URIcHIE2626. 1N
addition to fli rs?ﬂeand %e%gnd coﬂdﬁctive {quers 28&521:%0 an firr st dielectric
ltayer Bducesipnwer distmibaton mpkdaecB®ithindhiedennect serduds S&f Wiiehepmbiniedg

dielectrjg | 92, 93 4. 95, 96, 98, | . i f
S Lt YT Py ey e B8 LRI o 100,
102, 1dids & GueRuniier ARULRCARSIE Br M Al frélRhsics AaRdUcs | ve |ayers 28,

25 30 Torm power and ground plane layers. Each dielectric layer 92, 93, 94,
95, 9e6giggdRTiaNitthapewer distribkiesinpadandeefilensdharofr equpltoabputed.€f ghme to 70

T e
bbi ckngs shoatlin FIPY. 6f @irdhhtércohhéct padtRld 88 mkR@esa taltRl aaitod nRdglé t i on, each
dielectric material 92, 93, 94, :
26. In addition to first and second conductive layers 28, 30 and first dielectric layer 32,
interconnect module 88 includes a series of alternating dielectric layers 92, 93, 94, 95, 96,
98, as well as a series of alternating conductive layers 100, 102, 104, 106. Conductive
layers 100, 102, 104, 106 may be patterned to form signal layers. Conductive layers 28,
25 30 foﬁn power and ground plane layers.
Each dielectric layer 92, 93, 94, 95, 96, 98 may have a thickness in the range of
approximately 20 to 70 microns and, more preferably, approximately 35 microns. Thus,
each dielectric layer 92, 93, 94, 95, 96, 98 may have substantially the same thickness and,
preferably, the same thickness tolerance. In addition, each dielectric material 92, 93, 94,
30 95, 96, 98 can be formed from the same material. In some embodiments, however, some
of the dielectric materials arranged outwardly from capacitor structure 26, e.g., layers 92,
98, may have a higher elastic modulus than the inner dielectric layers, e.g., 93, 94, 95, 96,

50 that the flexural modulus of the interconnect module laminated substrate is

substantially maximized.
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30 95, 96, 98 can be fornmed fromthe sane material. I n sone enbodi nents,
however, sonme of the dielectric materials arranged outwardly L%ggng citor
structure 26, e , layers 92, 98, may have a higher elastic u han

the i nneW@P¥IWri ¢ | ayers, e.g., 93, 94, 95 96, so thACHERFE%ura
nmodul us of the interconnect nodule | am nated substrate is substantially

maxi m zed. - 1€ U000 09, For 154208 mBIARGRALS G tEasRySanduCt | ve

| ayer 100, 102, 104, 106 nay have a thickness in the range of ‘approximtely
5 to 14 spweomateind, tofdmecone fued, andrg prefpnablyxipratdmatelp | Ainderons .

Accor di ngl th I st.ance bet ween an outer surface  of.first .condquctive |ayer
28 and a Cx?rrqﬁ‘@?y’ gher4lgt ceol?e%g%eﬁltaélcqmggarf%%o%ﬁt “iﬁ)é'd}“étév_'sn loyex e fﬂgPBXi mat el y
150 mi cr @f¥er surfack DL conigot paB N €2 Ry bk Gess Chant PProkiMARACES 0 HicRoH axigat el y 136
m crons. As shown in FIG 6, 1/0 interconnections are achieved by a

cont$i nat ExampPe obFIG@. therlistarpeiiveprrpaigataly L pami¢rend.ar, a first blind via 108
is formed on i . a uf face 8 a second, blind,via 110 4.s, forned
on board atta& S@%r té%gr%%’ Déilpsefcoguﬁactg’gggﬁ CSlegggbﬁﬁg?mfmﬁg?gglﬁ “édt ed to

form el egid Bgtes! ids?, Inphicul2SPRGtE bNRl Via 1886 fovhad 38 8hip blAciBfate gpecei ve a
solder ball froma chip or board, respectively. Solder ball 116 is

i |1 ust r afeda pgrongplind gia ig0iin toriyied on bgard el surfage Ohi Férstandrigeandaviasis at
signal | r i i |y i i t signal
Cayer 1000Se DR R R bl ddbae B 368 3l OIS DR MG Q8RR Tod

whereas bdceive asoRiel B8l Gont aetiip bhBogd eesgeutived Soldestallsiigralblldsayed in 102. 15
Power and_ground pl.ane_ i nterconnections also can be made using a_conbi nation

of bl i ndFHad- dRimderia J 0§ gontacts a thirdlindsyiz g atsignablayer 14 Bling YiadhOsur f ace 89
i ncl ud ' i3 j i ' : de 123,
|l udes vy bS] B 150t ko] SR B P BLEES e 125

coupl ed 22 at sSgwbigebl ¢ dvhereas bRid aia 1€0goalact thagane bibed Via at sipmg! ldler nd vi a '

127 is Cgb‘f' ed to a buried via 129 at signal layer 104. As in 20 the exanple
of FIG 5%;*the arrangenent of the blind and buried vias results in

canpel | ation Peive%dJ%rbuﬁd‘fé’lﬁﬁé ARGEolMchids el HUNBE In RN G BSmifitdtJper
stri i gnal

reduci ng power di ution 1 npedance. Sig | ayer 104 contacts first

conduct i veblimdad R8iedfviasagaduttber showoen EHe 626hipattacintiefaco B emtudeolader bal |
ar ound pPU Ve BRI YEie oEUEH trtSBm lhetTit L AR Foois oo Ovi e
to acces§;$eaoRdeacRate LB Bliad §fa BO: is bhufddid d QRonS UG Vika2 7 aRYigRit end from
either chip attach surface 89 or board attach surface 91 to di sFrl but e
power anthygr tindngomehtindivie 123 is coupled to a buried via 129 at signal layer 104. As in
20 the example of FIG. 5, the arrangement of the blind and buried vias results in cancellation
of mutual inductance in interconnect module 88, further reducing power distribution
impedance.
Signal layer 104 contacts first conductive layer 28 of capacitor structure 26 to
interconnect solder ball 125 and the first conductive layer, which may serve as either a
25 power or ground plane layer. A similar set of blind and buried vias can be provided to
access second conductive layer 30. In addition, such vias may extend from either chip
attach surface 89 or board attach surface 91 to distribute power and ground potentials to
and from the chip and PWB. As in the examples of FIGS. 4 and 5, incorporation of
capacitor structure 26 in interconnect module 88 substantially reduces power distribution
30 impedance and enables faster switching frequencies.
FIG. 7 is a cross-sectional side view illustrating a fourth interconnect module 130.
In the example of FIG. 7, interconnect module 130 includes two capacitor structures 26a,

26b formed on opposite sides of a central dielectric core 132. Opposite sides of

interconnect module 130 form a chip attach surface 131 and a board attach surface 133.
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and fromthe chip and PAWB. As in the exanples of FIGS. 4 and 5,
i ncorporation of capacitor structure 26 in interconnect nodul e288¢p 7505

substanﬁigarpfoéagagduces power distribution 30 inpedance an(}cg.ér\ll?slg%/?%s%aster

SW t chi ncies. FIG 7 is a cross-sectional side vi ustrating 'a

fourth interconnect nodule 130. 1In the exanple of FIG 7, interconnect

modul e h&fcometirdedult WB0 aBp atdlddes aatattamhting sSrGemenPofidiélectnedaywns DPpRoOsi t e
osite side i nt er connect

e S g o e 1t P DA e Pt e nnest
15 VO 031, 039630fnd 61 BofR0es BETISOR/ B07 P addhgy RASHerTRgul € 130

also in des an alternating arrangenent of dielectric |ayers , 135,
136, 13grouddiplandst Cambictondyatildé, 15dymnde patterndd 6 foluSjgrnbbOacedapasct i ve

| ayers 44 148 are forned.on o |te.sid of, dielectri¢c core 132 and fray
f oPm pottiskars P BoAte &ﬁ%‘?ﬁarﬁﬁgﬁéﬁ“@YHﬁ?s?@CT ,rs%lgg"n be patterned
to formeghdfiélyl race layers, 5 and are separate from conductive |ayers 144,

148 by dielectiic |ayers 134, 136, respectively. A dielectric layer 140 is
formed bet weddideridadayery 840 myfermadbitetwach candactitedayerstSpuod gapacken, whereas a

dielectric, |layer 135 is f.orned,bet n conductive layer .146 a cgpaci t or
struct u§t@1e%g¥gﬁ%1}eé%qsrai%apgﬁg}@/cigf lslf(égn%¢l ctysER {:q%ﬁgtavealgy gg%ﬁtan gpaci t or
10 strugdpdéias sﬂﬁ&u%‘%b?@?iele’&ﬁﬁ:ﬂﬁ?érﬂ%,ﬂ»ﬁlil%@ bbsdishediadfaceitapsrifopr med at chip
attach surface 131 and board attach surface 133. In the exanple of FIG 7, a

vil@ 152struchiresi26it andl 262, respeitivelyv Mwltiplerviad candy fesmashal shiphatiaglybudfaseer connect
assenbl y,,130, ,.and, .0t er conn S ont act ,pa 6, 1 hi.n. attach surface
131 andy%loa}dobogf(_% %t(tﬁ?%s?ﬁ'& %@g‘ 1§§?he ?xeagﬂ’é‘g?{d‘ilecﬂézé‘%ﬁg’?q@}eg“i‘ amay provi de
170 i nt gidapiechierlalDEi4vaeshds tirbugh MidceniRWBissciblyi130 bR i¥iceRtEtsf rom a
contact pad 162 forned on chip attach surface 131 to contact first

conduct fapéadt padsy 1598458 en ehipattpeivsurface 181 apd bomd attagmsuriaee y33.vi a 164 ext ends
froma p . | cond first
conductllce\gl Cﬁ%{gf ;'fﬂuéégga I)glgg Bg‘ﬁ’t“%’?ﬁs’s ?%Ié‘%og‘g%h?g%%wéegéréhg% Vi ap ext ends
t HSough i nt eVeolilesitende ditvnea cdficttpad i162 doadroecdhip httsh sacfaeurdlitee | ayers
28a, 28b of capacitor, siructures 26a, 26b. 20 Thus, .the co@i{ nation of vias

160, 16%°MHd (1BEORUIHYE 'aver shasalrqappsiior sURHreotoag SimHerY pir Kt Pdindsbet ween
o] 0 SRS BSF oAl BB S sal T oflse L of 7
assi gneddh tiscapatitopwirngufellébt i2omaridd via 068 extehdsahrduphisie@bhaehnednfeace 133 to
chip at Ef‘é: tr(]) irslt%;go%ggct]ﬁ%g't)c:on Ectil?/g)fgyrerszgg, 2% 8}" (r:]a%agiltc%ns?ructures 26a, 26b.
20 Thus, the combination of vias 160, 164 and 168 serves te distribute power or ground
potentials between board attach surface 133 and chip attach surface 131.
In the example of FIG. 7, conductive layers 144, 146, 148, 150, 28a, 28b, 30a, and
30b can be assigned the following functions ( in order from board attach surface 133 to
chip attach surface 131):
25 Layer 28b: ground plane
Layer 30b: power plane
Layer 146: signal plane
Layer 144: ground plane
Layer 148: power plane
30 Layer 150: signal plane
Layer 30a: ground plane
Layer 28a: power plane
Conductive layers 144, 146, 148, 150 can be formed from copper and have a thickness in

the range of approximately 5 to 35 microns and, more preferably, 12 microns. Dielectric
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Layer 30b: power plane Layer 146: signal plane Layer 144: ground pl ane
Layer 148: power plane 30 Layer 150: signal plane Layer 30a: zqrp{l{grréggﬁpl ane
Layer 28a: power plane Conductive |ayers 144, 146, 148, 150 can be forned
from copp¥f Y4M¥Pave a thickness in the range of approxi ndtEP§2561%§ 35

m erons and, nore preferably, 12 microns. D electric -16 2 2 F E B 2006 WO

03/ 0196562264 1 3450352665636 | e 14 had be fotmed ¥3fn a 13Qety b thatckihds JyRl ope for med

froma variety of materials such as polyimde, I'iquid crystal polyner,
f | uor opol BakerEde, digid crydali nedyragrdflugrapolymesrs, eprxyirasias andihe kikesnddave t he

fange of L aat .Gk -nore pref 2 m crons.
Di el ectr itgi%(%%ééﬁéﬁ%ayégg}&g?%% aferl}'(;%@%)aé\}gw% r>1/s 351?1’ Snﬁ)?‘{eﬁrit%g%%bhéggh as BT
(hi's 5 mahiredsdDitlecaizico) 133 rassboformbd froans viréae o Anfaterialsnasisad BTi(HS- r ange
of 250 to 750 microns_  and, nore preferably, 500 mcrons., Conductive |ayers
144, > 146, m3lggnidg tipzine) glges onkiR4.and daves tharknesiop the wnge pf 7 34ty 90meisrast | ve
dielectrigl - | S| t r5aC r separate
power andﬁgi @éﬁédﬁrgfeg%el%%%ﬁﬁrg ?’gt §§12%JC g??\‘fggﬁelgﬁ’ !)u ’ggg’slusﬁfgﬁgg of first
conduct i vaattemedaftiZBthennct ppliednaesuti fadieleofricdayrati4,pas, 1366140y definkess

than 10 approximately 50 mcrons. In the ex le of FIG 7, the distance is
appr oxi nﬁl%@tréﬁsw € PovgiaidaErp v Iltlé‘iFér ho gistansg Betwign an QBT sufiche

pre-patt G | ) ' | ayers of
Pt or conmacr QARIRL ek B aRl iant urle DA RIPH LRI )
consfr uctappreximetednd( elidrynsadn dieseainipdaof FIG Rethe dastgmice §s apprdNiGsely26, 15 and
t hereby pronote reduced power distribution inpedance in interconnect nodul e
130. In g‘BhCé?rgl , one or nore very thin, high dielectric constant |am nates

such as capaci Cenductiid Koérd8a,28b! S, 308 cdd e S8 HaRErne@BPEre-dH1RADrioPlo " COT e, "
typically used in existing interconnect nodules. The high dielectric

const ant laménatian iy the pther biyers of iderconnest madelarld0. £panitodsieessurgs Yesy hi gh
Canae oD, BSOSO RN MOl g e UL B4 20,

capacitor structure Ions 1n ness of

t he 151 nt edndahéreby propsbid dutanpdvie destiitationhGmpsddnde inlintertdhnkBtmediié #80. pads on
the chip attach surface further reduces inpedance. Reducing the nunber of

| ayers beiisBerabapacr mere wury dundeh disleghis qamstapidamirates yalas eapacittte use of
thin di el §alfirE 26 FHTAR theShudr NBP R PR SRR, YiyBRall) GEQNT ekldiih! ckness

interconnect modules. The high dielectric constant and thin profile of capacitor structure
26 produces a very high capacitance that reduces impedance. In addition, the thin profile
20 of capacitor structure 26 in combination with reductions in the thickness of the
interconnect module from the capacitor structure to the contact pads on the chip attach
surface further reduces impedance.
Reducing the number of layers between capacitor structure 26 and the contact
pads and the use of thin dielectric layers less than approximately 40 microns in thickness
25 achieves reduced thickness. As mentioned above, manufacture of capacitor structure 26,
in many applications, can be readily accomplished by first patterning the capacitor
structure laminate to form clearances for vias where desired, and then constructing the
package substrate outward from the capacitor structure laminate by adding additional
layers, €.g., as described in U.S. Patent Nos. 5,879,787 or 6,021,564, the entire content of
30 each being incorporated herein by reference.
The increased dielectric constant and reduced thickness of capacitor structure 26
provide an increased capacitance that is a major factor in reducing power distribution
impedance. The impact of capacitor area, dielectric thickness and dielectric constant are

represented in the following equation:
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25 achi eves reduced thickness. As nentioned above, manufacture of capacitor
structure 26, in many applications, can be readily acconplished) EJ)FEBiw[]gt

patternj é@-capaeitor structure lam nate to form cl Lor vias
WaTyhfesC N e

wher e nd then constructing the package subst e outward from the

capacitor structure | am nate by adding additional |ayers, e.g., as
described in U S Patent Nos. 5, 879¢/8#x0r 6,021,564, the entire content of
30 each being incorporated hereih Dy Tgference. The increased dielectric
constant and reduced thickness of capacitor structure 26 provide an ,

i ncr easderec@paciphcitoee tdy & the peamimiyigrofifeetspacd, v iy thel welatinge geMetricdi st ri buti on
i npedance. The.ipnpact aof capacitor ar.ea, gj | ectric thickness and dielectric
const aensns 4 juBF aca el di ehacitng 1o e icErpacr givtance beerB ¥ 19656 2 2 E
E B ZO%auE’QE/ph@gﬁ/p?a@Js‘?Gnﬁ}?, iGehe edst ofan Int¥ERRcEmoducapasieance, eo is the

permttivity of free space,” ¢ is the relative dielectric constant, Ais the
area ofcapdeancgfaoiedby a amd of parslitlivendiritivk frgysss @rplaiest ance bet ween t he
paral | el capacitor tgﬂllates Thus the case,of an,interc nodule, Cis

) h i d
Poe s capaariesaerciBnct Gh o inctedsey By orkteasiie P i deoreas e a0 EISUGT bl anes.

The capmigkedd GRcreRihdBe UNIcERSEshshYL, 0P 6A L BSthBRlatifiCoPthe abore TrRaRd Ny the
dielectric thickness, increasing the di'electric constant, or any

conbi naaseor apfchiheapabidurs, unfortunaiely, isersesing therreshlepdscapdaigendis,

unf or t unat.el. L ACr easi t he ar agds._.to_a,larger dje,. decreasing
t hi ckneggre?sé%%gl{kge?sﬁg?dég%é%r%?é?‘gg?f]e%ec%g?lby ?H%H}fr'?dﬁgﬁggié%fiﬁbccﬁhce di el ectric
1{p congbadiintiiNGEéRaS6S-cRip-stdhaPp®paddonRleRpagat i on del ay. Therefore, according

the invention, the necessary capacitance is provided by a _|am nated
capaci tor stlihgefereeaczardangibg deerniiprihaneasssarn eanagtiznss dd pipsilsidy a n general ,

it is I i . hy.s] y..as cl ose
to the ‘APaeaRpRdBP rloAE: 28RARNL SN LR R ORERETHFLARKINES O Poe
i nduct andsirhbleclon tiectaphcdtdar Beu@hariespiaced phigsicall s ¢lbs tsahecHip araghaxi m zi ng
t he capacitance of the cagpacitor, structure plane pair. 1In addition, it is

desi r atfPeaqergPogHbl; inan elGRt & magimizs the av&sén%twg eEsstpyhhBlapgs ned
J : . © : . ; . . g
B Weeayﬁda%t prleas@ﬁleﬁ Iéwa%&lﬂggg&agaa%egsﬂh%r@tag ; rgmu%ggllﬂ%?gmcg and

conductive | ayer cknesses mnimzed. | rconnect
accor dilngdditot,heisekesinghlethaodnlFlatSiw dirdhimaayeBsfane hdvessarnbe frdmedt ruct ure

desi gnig 2ol e bondt g oL ABLLLY, ol gejale deformtion, o Lhe
made OfihibRRsses be minimized.
Interconnect modules constructed according to the examples of FIGS. 4-7 may

20 further include structure designed to promote bonding reliability and resists deformation
in the presence of thermal stresses. In particular, each interconnect module is made of the
alternating laminates of conductive layers and dielectric layers, described above, that are
selected to present on overall coefficient of thermal expansion (CTE) that nearly matches
the CTE of the PWB.

25 Additionally, as described in U.S. Patent No. 5,983,974, the entire content of
which is incorporated herein by reference, a stiffener ring may be adhered to the die
attach surface of the interconnect device. The stiffener ring defines a cavity (or cavities)
for the integrated circuit chip and any other devices, such as capacitors, that are attached
on the same surface to the interconnect module.

30 A lid may be bonded to the stiffener ring to enclose the chip within the
interconnect module package. The lid may be made of material such as copper or may
inciude a preform made from a metallic material, such as aluminum, disposed in which is

a reinforcement material, such as silicon carbide. In this case, package is designed so that
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alternating | am nates of conductive |ayers and dielectric |ayers, described
above, that are selected to present on overall coefficient of Qtzqrggqu

expansi o 69};E)ggtﬁhat nearly matches the CTE of the PWB. ﬁggiv\k
0

descri be Pat ent No. 5,983,974, the entire content
i ncorporated herein by reference, a stiffener ring nmay be adhered to the die
attach stirf GEB offhetstiffenimgegingamaiehss thieGiTEaf tﬂ'ettmtesmrm[eetrreodul.engiﬂheﬂldnes a

cavity ( for, the int rat cireuit chi devi ces,
ctch as Sapfi R Bangslles X LRI B i i ok e BGOSR it e

i Nt er CONGEE torthstof ehe SiBstfaté Jrthgray Ihle NMordest, tHe subarsd edd knédsighbd 8o tHat encl ose
the chip within the i nterconnect nodul e package The lid nmay be made of

mat er i al €& aklead pprpart gpatgess thatipd thegdhip, apd afserthatad dhe ?ttffﬁwf@ TRE A | ic

mat ey ial 4 18 nf erial,
Such ag SrTFBELAEUR, PHIGRH, EhRROSE ittt de il MAEERE R 570
03/019656y2et2relﬁEfB 2006 PCT/ US02/ 26756 the CTE of the stiffening ring natches

the CTE of the intercopnnect nodule and the lid. Further, the partl cul ar
adhesi ves used* tegiBadtor Auanttying @mopgr tSHdmé.lPeleﬁe%aeﬁeﬁgum aerimdily  CTE to

that of e RURSIIKNC THE kel dan WLERME closlibp ukARLE can be desi gned

so that 1ts CIE, at leastC I1n-part, matche I'p, and al so that
of the st:hirﬁcammgs of aginecénndetsoodile thaorpothtiig d?a&mmncﬂ\y)ttmﬁ hedliliserict he
of. whi.ch is incorporated her reference. /A technique

t tent
For |t anEPHJAT: SR GPo et TRGUEPR CErHSBEA LB GIBPBIoRes P || | now be
descri beghterthgndct aeaaeef OffRf tetchﬁaﬂesbf%r qum ebagsiikitulién trﬂ?e%qa&ce

characteristics of an interconnect nodul e |ncor orating an extrenely thin,
hi gh di elneaoftqcper tmahmrsbtﬂadutn tharartnattedrch@giadhctﬁc quedeseribed hereidds oo bed

her ei n | n 1{1 ﬁ‘% i nt erconnect nodul es. O her techniques for
quanti fyl(hsef) ere r{l B r}nﬁ%é’aance may occur to those skilled in the

art. Accordi n@oy'an}t hghtpeﬁtsuﬂteauenﬁemayebp@kh%é &loBs-beéttiBf] thedeQrd@n @& der ed
limting of the invention, For any hi ormance nulti-| ayer package

cr okx- se®f pesuctivieplanggdedigated g either Pswsf owraurtft:t Farepuspesseof dedistated to
el ther pouerihoj h&fe&uﬁﬁof&% gf&ﬁ@éaerafsﬁgt‘egttS% evﬁt?ég[%fatnﬁ%ﬂ tgéa%r%'uﬂﬁ’l aa" of

the power planes aré assig e one Vo he groun nes to
anot her, phinthtd diethentveiti thefinteat cfhRulangg t}teefréqteqcyedmendapemdm ntxpadapuat
|rrpedance Al t hough an i nterconnect [;m dul.e may not be inp qerrent ed.in this

manner, ddopgh ARinsTEprEICClBPuE Maydigh Py UPRIRISDICH i tluaeemﬁst Wrio SHEPIET | es
anal ysi s .g taéeh%qlﬂpéff?crnté? kst Eésgﬁﬁbhgﬁ' s@rﬂnlfﬁ%? %S)ﬁ?of the power distribution

20 impedance.

The measurement problem can be divided into two components: ground
impedance and power impedance. The power and ground impedances typically will be
different due to the physical configuration of interconnect module 36. For example, the
power and ground planes, e.g., first and second conductive layers 28, 30, typically will be

25 positioned at different levels within interconnect module 36 and, as a result, at different
distances from contact pads on chip attach surface 39.

First, it is assumed that the frequency is high enough that the power and ground
planes can be treated as transmission lines. This should be a good approximation for
operating frequencies in excess of 200 megahertz. Accordingly, transverse

30 electromagnetic (TEM) propagation can be assumed, which allows the characteristic
impedance for the planes to be estimated based on the dielectric constant of the material
in dielectric layer 32, the associated spacing to the surrounding conductive layers 28, 30,
the frequency, and the area of interest. The calculation can be performed according to

the following procedure:
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The measur ement problem can be divided into two conponents: ground

i npedance and power inpedance. The power and ground i npedances 2t\ffiBciS y
will be_ different due to the physical configuration of i t nodul e
36. For“rfgﬁ%ﬁég the power and ground pl anes, e.g., firgghgﬁﬁgggggnd
conductive layers 28, 30, typically will be 25 positioned at different

| evel s wi t hi b i nt Estooata it innogid EESBprapagatias delay dsldstfpllawvs:di f f er ent g
di stances from contact—pads on chip attach surface 39. First, it is assuned.
that the frequenc?UFgJEﬂGh enough that the power and ground planes can be
treated as transnjgsion.lines. This .should be,a.good appraximation for
operating frequen‘év?%@ s E%i%té@sdl%lfdﬁ'ﬁﬁo?‘ﬁéadﬁﬁﬂ?f:i.g&ﬂée%‘%g‘?tﬁb%my?? transverse 30
el ectromagnepi ¢ (CEHYhiaRy @B &AAEhRE oA #ife BRary SWHVRRngMNi ch al | ows the '
characteristic inpedance for the planes to be es?inated based on the

di él ectric constahtE0dS/{htTdhterial in dielectric layer 32, the associ ated
spaci ng to the surroundi ng condyctive | ayers 28, 30, the frequency, and the
area of interest. VRfE Ic&ll@lﬂtléetainénf&a‘ge ﬁéq‘ﬁf‘é}cﬁ’@fﬁﬁ%ﬁd&cordi ng to the

foll ow ng prg)cedu e -%9 2.2 FE 203%% \é\o 03/ 019656 PCT/ US02/ 26756 5 1.
Estimate the'intrlﬁgP@*¥Eﬁﬁﬁ?5§§5 ‘O d&%y Td as follows: Td =Jlc, where
Er is relative diHectolis spestant and ¢ is the speed of light. 2.

Cal cul ate the transmission |ine quarter wavel ength: | =0.25/(f*Td), where |
is length, and f is thetf(Baengye)df analysis. 3. Calculate the applicable
package area: If | > Body_ Size/ 2 A = (Body_ size)' 10 Else 15 20 A=n*Il 2,
wHér e Body Size rEpeesents the outline of the package. 4. Calcul ate the
capaci tance to adjacent planes: a. First adjacent plane C, = E * eo * A/
Pl ane _ separation,, wWhtT & "Bl ane separation, represents the distance between

a first conductivgyere Body_Size represents the outline of the package.

4. Calculate the capacitance to adjacent planes:
a. First adjacent plane
15 C,=¢,*¢g, * A/ Plane _separation,,

where Plane_separation; represents the distance between a first conductive
layer and the chip.
b. Second adjacent plane, if present
C, =¢, *¢g,* A/ Plane _ separation,
20 where Plane separation; represents the distance between a second
conductive layer and the chip.
c. Total capacitance
C=C +C,
5. Calculate the impedance of the plane
25 Z=1*¥Td/C,
wherein Z is the total impedance, C is the total capacitance produced by all
planes between the chip and the power or ground plane, and Td is the
TEM propagation delay, and / is the length calculated above.
Given the calculations above, the inductance (L) can next be calculated from the
30 chip die to the connection with the first power or ground plane, by using the equation

below:
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| ayer and the chip. b. Second adjacent plane, if present C2 =6, * CO* A/
Pl ane _ separation, where Pl aneseparation2 represents the di stan’Z:éEﬁbé&%\een a
second conductive |layer and the chip. c. Total capacitance C= +C2 5.

Cal cul at ¥PHefpbdance of the plane 25 z=1*Td/ C, wherein %T’Es‘fzﬁéb{ot al

i npedance, Cis the total capacitance produced by all planes between the
chip and the power1qr ground plgme, qu dd is the TEM propagation del ay,
and | is the |enadih av}'ecwa‘tze VS Gyyen the cal cul ati ons above, the

i nductance (L) can next be cal cul ated fromthe 30 chip die to the

connecti on wi twhdrére first power or ground plane, by using the equation
below. 2 2 FEB 2005, WD, 03/.0196,56 L,iu =1 * Lwi~_,0;, 't * WP *cosh-' d
2 2 7c 2a PCT/ us02/SE74PHNRIY: d = via palr pitch, a =viaradius, 5t =
| ength of via, pO -aqge{an@al%llty of free space, and p, = relative
perneability, typically 1.0." This cal culation of inductance is repeated for
each5subsequent povet leogthgrfoimd pl ane | ayer until a connection is nade

bet ween the chip die and the.bottom nost ground plane. 10 Repeating the
power / ground i npedafcé& RrbHeEt llétg|0(§g'1[€5§p%9ﬁ ‘?gfgj a matter of joining the

transm ssion |lines and the induct r% %amalz cal cul ated above, into a
network. To solve £hé Mgt WoPHmep (e typt fon lines are treated as

f '. t
anal'yer o THERAAAAEN S hERATL | repk RLTD R Ry leRHleer B BRIAE BIELL O e
i nput i ndegmmeas] £edmetiddn BMade breezpeeattmclﬁp diebipidithé bertqaneust grodind plageound

net rks. The the figure of nmerit c n as . the average of the
powe |rrpeda2% caRe PREOYFBEIENH HpR tcapcafthn.lma PRHPPIIOBEE W ar e

figures qfe FefdntisSiod HRQWE A SkiGEBHE AR 2k m@ga{éﬁ%bove, into a network. To
solve the network, the transmission lines are treated as frequency-independent resistors
terminated in ground. Standard circuit analysis techniques then can be used to solve for
the input impedance. The input impedance calculation is repeated for both the power and
15 ground networks. Then, the figure of merit can be defined as the average of the power
impedance and the ground impedance.

Set forth in Table 1 below are figures of merit for power distribution impedance
for a number of different interconnect module censtructions, including interconnect
medules incorporating a thin, high dielectric constant capacitor structure as described

20 herein and other interconnect modules without such a capacitor structure. Table 1
indicates the impedance figure of merit over a range of operating frequencies from 500

megahertz to 5 gigahertz.
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for a nunber of different interconnect nodul e constructions, including

I nterconnect nodul es incorporating a thin, high dielectric copstrapts tg
capaci c ure as described 20 herein and other int ul es
W t houtwéﬂi/hwg capacitor structure. Table I indicates t é%ﬁ%%ﬂnce figure

of nerit over a range of operating frequencies from500 negahertz to 5

gi gahertz V\D 03/019656 TABLE | ZZEBBQBGE PCT/ US02/ 26756
N b2 G - .51 GHz2 .
1 NA 7 ] rr)
7- Layer {VI FspRopPSPLresilecadll- 888.5361 1 328N 3GHz | 4 GHz | 5GHz
*8- Layerngsp[ gp] gs|p0. 350. 621.1103i692. 353. 48 Hi Dk} (58 m)
*8- Layernys 9 9 2T 39 t Y
*8- Layen X PLQ}%}] gsg;%(ypgggb%o %ﬁ 2;?%;;5:. 216 3H| Dl g?/? P (5651pn 3.33
*2- 4- 2psiAr : 607 Bt 30 By hdupTHi
4-2- 4Pg§ pq%'ggl16 F%ﬁ ?9%1 283kl G st TR e | 253
5- Layer 358 P o-ta
VI PPsgs o 9%@1@"233 %23* 360.5% V10 750 | 235 3.08
*6- Layer ps({sgatﬁ . 290. 530. 991. 512. 082. 66 |H Dk
*8-Layer gspleplgsp 0.27 0.48 0.86 132 1.85 239
HiDk (36
_pm)
*8-Layer | XgspigplgspX | 0.25 0.46 0.8] 1.25 1.75 2.26
HiD/VIP
(36 pm)
*2-4-2 pslepllgplsg 0.14 0.26 0.48 0.74 1.01 1.30
Buildup
HiDk
4-2-4 Pospgspg 0.16 0.26 0.43 0.67 0.95 1.26
Buildup
5-Layer Psgsp 0.62 0.85 1.27 2.00 2.99 4.13
(58 pm)
5-Layer VIP Psgsp 0.44 0.62 0.97 1.5] 2.23 3.03
(36 pm)
*6-Layer pslgplsg 0.29 0.53 0.99 1.51 2.08 2.66
HiDk
(58 pm)
*6-Layer ps{gplsg 0.23 0.43 0.80 1.21 1.67 2.13
HiDk
(36 pm)
*6-Layer XpslgplsgX 0.22 0.40 0.75 1.14 1.56 2.00
HiDk/VIP
(36 pm)
*4-Layer s[gp]s 0.23 0.44 0.87 1.30 1.75 2.20
HiDk
(58 um) _
*4-Layer slgp]s 0.19 0.36 0.74 [.12 1.530 1.88
HiDk
(36 pm) ‘
*4.Layer Xsgp]sX 018 | 035 0.69 1.04 1.40 1.76
HiDk/VIP
(36 pm)
Thin Film Xigp] 0.05 0.10 0.20 0.30 0.41 0.52
on Ceramic
Substrate

In Table 1, the “Type” column refers to the type of interconnect module
construction tested. In the Type column, the designation “X-layer,” e.g., “7-layer” refers

5 to the number of alternating conductive layers in the interconnect module. The
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(58 m *6- Layer ps[ gp] sg0. 230. 430. 801. 211.672. 13 H Dk (36 pm

*6- Layer Xps[ gp] sgX0. 220. 400. 751. 141. 562. 00 H DkNI P (36 m 72 FEB 2006
*4- Layers‘Lv%psto. 230. 440. 871. 301. 752. 20 H Dk (58 m *4- Layers&g%s i

0. 190. 360WPA#"1%1¢ 501. 88 Hi Dk (36 m) *4- Layer Xs[ gp] sX PCTIUS02/26756
0. 180. 350. 691. 041. 401.76 HHDkNIP 36 m Thin Fi |l nX] gp]

‘0. 050. 100de3 a3 VPO r&2rsad aCaiain-padSebsdtratien imwhihltke ihtertdidedt ygiile col um
refers to the type of jnterconnect nodule construction tested, In the Type
col um, t%@ug%*sm@*ﬁale%wr' cprgpchve layerg thoseJayesy ade ppopeentactpads he nunber of

al t er nat i g, SAREWSH VR ih RYENS, | h&d bhiar$Q dule. The -22 WO
03/ 079656 2 2 E E B 2006 PCT%%OZC 26756 é‘si%’ﬁi‘ﬁ%?"w P' refers to a

"vi a-in-pad" cBresdesigniion lilkihekrs tbheonstnetivaniddiconpetatkeea thindligides in t he
nunber of ,.conductive |ayers those |ayers, made. up, on contagt pads associ ated
wi £ hovi asiFRATR GORstiT <aRHBn S ehlirp Lo Rer o wik fhe BreetonTiSontiasi gnat ton
"H DK" 1 eddkudi@nfa B VU b PRI nsiriQRIRO AL e Budif disighhith refordicel ectric
constant capacitor structure in accordance with the i'nvention. Sone

const r uctd emstragtiontp tiiol Ryers dretiuii abwr 9500 anicemsdiceteic Buphakage, desi gnati on

refers to t I e | Gh. rs.are builit out ~a 500 m cron
di el ectr i%e.S%P%tggzéJ'g%gaﬂp ckilg[s)}é\gar@?@c](a %-%E@?Iéﬁrflft&ffpls ?%#Oa?nwﬁ?’ﬂmg%paci tor
st ruct ur ebdilklupdeied Hach BliDRBYGHucOsRIncludes  dyix- LU RignEa6d) whekkthe@nst ructi on

i ncludes a "y-x-y" designation, where the x 10 indicates how nmany conductive
| aydPs f onfictsehey prany £padvatiye layers form the ok capapior siaictpre core, and the y

indicates how many additional conductive layers are formed on either side of the HiDk
core.

Any thicknesses in parentheses indicate the thicknesses of the intervening
dielectric layers that separate the conductive layers in the pertinent interconnect module.

15 In Table 1, all of the conductive layers are 12 micron copper. Given the qualifications
above, the “5-layer (58 micron)” designation in the Type column indicates that the
interconnect module under consideration has five conductive layers separated by 58-
micron dielectric layers.

The “Cross-section” column in Table 1 indicates the arrangement of ground,

20 power, signal, and contact pad layers in the interconnect module. The designation “s”
indicates a signal layer, “g” indicates a grdund plane layer, “p” indicates a power plane
layer, X indicates a via-in-pad (VIP) layer, and {gp] indicates a power-ground plane pair
formed by a HiDk capacitor structure.

In Table 1, each “HiDk” module constructed according to the invention is further

25 identified with an asterisk (*). As is apparent from Table 1, with the exception of the 8-
layer HiDk (58 micron) construction, the HiDk construction universally produces a power
distribution impedance that is less than or equal to approximately 0.60 ohms for operating
frequencies that are greater than or equal to approximately 1.0 gigahertz.

Given the figure of merit calculation outlined above, the 8-layer HiDk (36 micron)

30 construction, for example, produces a power distribution impedance of approximately
0.48 ohms at 1.0 gigahertz. Similarly, the 8-layer HiDk/VIP construction produces an
impedance of 0.46 ohms at 1.0 gigahertz.- Even the 6-layer HiDk (58 micron}
construction produces an impedance of 0.53 ohms at 1.0 gigahertz. Notably, as the

number of layers decreases, the impedance becomes quite low. In the case of a 4-layer
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i ndi cates how many additional conductive |ayers are forned on either side of
the H Dk core. Any thicknesses in parentheses indicate the thickh&ssessof

the int dielectric layers that separate the con i ers in
t he per@ é@t‘pﬁg’ﬂt erconnect nodule. 15 In Table 1, all qu: &Feﬂs\ég% Uaétl ve

| ayers are 12 mcron copper. Gven the qualifi catl ons above, the "5- Iayer
(58 m cHdMW Vll?,iestizsgmauidamrfoﬁ exaripde, Typienpedhrmerns Dﬂdicﬁmtseﬂ 1tthgigaltehntz. ThatZer connect

nodul e eration has ve .conductive.la

m cron %’?ﬁ‘ﬁ ﬁ@bl ﬁ@?@cuﬁé’m%‘:ﬁ%@%‘”’é‘@ﬂp an ugp C‘? ﬂFé)'g Emi af i cat es
the arr gpgementn @ﬁckﬂia@é”tﬁe lowd? uﬂ?&ﬁhce Broditabs h@ﬁ'& sﬁ@é&ﬁﬁichﬂ%d layers in the
i nt erconnect nodul e. The designation "s" indicCates a signal |ayer, "g"

i ndi cates a Gholasdropl @n’%ﬁbllfayefrpl‘esepts apedibodiment an phiodra thimafikn is| faye¢d X :
t - P d d t d pl
745316 el R oS SR L A o

const r ughie£k aaplﬁ&rramgcttrﬁodlmwlﬂwe@ke@Powar digtribRebn irdpedadlent i fied with an
asterisk (*). As is apparent from Table 1, with the exception of the 8-

| ayer H Dk (58 micron) construction, the H Dk construction universally
produces a power distribution i ngd8ddeEdhat is Iess than or equal to

appr oxi mat of e GRuRTS, e ARSHALEAr BAHAAGEAIdS PipoALeater han or

equal to approxi nat el ertz. raeven i'gure merit cal cul ation
out | i neskcabmpvas detdrrd)eﬂ-lieecymarebdh{akos(ea@x DiSrRaent Nol. L8778 Vaid @02 1,504, aexanpl e,

pr duces a.po tion i npedance .of approxi mat el 48 ohnms at 1.0
-§aher{nfnﬂ% W}% ys etfﬁ ORIy meéﬁwﬁ ac%ﬁge@?re}etwedﬁgtﬁpgéqfces an

Inpedanstﬁm@&naﬁyiﬁo&mfg @ﬁatér&dghmgfeﬁﬁm L%Yx%nttlﬁﬁmﬁalé %eaclayﬁ ddftok 58 mi cron)
construction produces "an | npedance of O. ohns at 1.0 gigahertz. Notably,

as the stnghisens d¢sc=t1h9@wsthdefcreeasasﬂ&5hé 7mlfmﬁafm:endoemmm iqante low. In the
case of 19656 02/ 26756 H Dk VIP

| 03/
et Uit Eehodde resdhicve fedich] AR QS POUE OB B TS GCGEner L 2« The

2- 4-2 ﬁublv@merﬂs%fgmhateatch%w@fﬁﬁuﬁ@g coxfr@ﬁsﬁé@ﬁiﬂ‘oﬁlmzﬁay'lmﬂﬂpe of 0.26
ohms at 1.0 gigahertz. In each case, the |ower I npedance pronotes higher

spéed swwehfoﬂgm efther side pf @ bwhdilelvqnp@onstmépmaémttlsatamamqmmateéw in which a
thin filmis fornpd 5 on a ceranmc substrate and combined with a capacitor
struct ure"ds 'dedCriBed herein to realize an interconnect nodule with ‘

reduced poweFirgt] sikichpiditopsinictie dafeded EEOPpRroil shintiates aRAidUSTrontiCabl e for
manuf act uri ngx i nterconnect nodules with cross sections as described herein

are di sethsakdG.iNwerberpfoeamanygare povaday hegmeminigkngssiofd §4micgpps, an

anneal temperature of 140° centigrade and an average surface roughness (RMS) of 8 nm.

20 Chemisorbed materials are removed in an oxygen/argon plasma using a device available
from Plasma Science, Foster City, California, with a residence time of about six minutes.
Particular debris is removed with a vacuum/ultrasonic web cleaner commercially
available from Web Systems, Inc. of Boulder, Colorado, under the trade designation
“Ultracleaner.”

25 Next, 6.4 grams of an epoxy commercially available from Shell Chemical
Company, of Houston, Texas, under the trade designation Epon® 1001F and 1.6 grams of
an epoxy commercially available from Shell Chemical Company under the trade
designation Epon® 1050 were dissolved in 18 g of methyl ethyl ketone (MEK) and 35 g
of methyl isobutyl ketone (MBK), both of which are commercially available from Aldrich

30 Chemical, Milwaukee, Wisconsin. 0.8 g of dispersant, a copolymer of polyester and
polyamine, commercially available from ICI America, Wilmington, Delaware, under the

trade designation “Hypermeer PS3” was added to the mixture.
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10 nentioned above. The follow ng exanpl e descri bes a represent afi ve met hod

for additional ly producing a patterned high dielectric constant [ﬁ
e., structure as described with reference t g% 7 above,

for mcor%gfgwlgghﬁl n an interconnect nodule to achieve regﬁg}g

di stribution inpedance. This exanple involves the use of a | am nat ed

_capaci tor stru4t gpébmmtitmm@mmﬂdvh@tﬂlMeﬂ&elﬁhnrcwmz’léomppﬁcﬁroﬁgiI on

ei ther side of a_ high. dielect st ant terial that approxlmately 8
m crons i FPRRFEIRYY l%lleré?m ‘ﬁ’é’t @arg%%? STy éoéée‘it%w‘i‘ Ry VaShper foi

substrat egnday fHel ik %eit% PR BT- SSC\QI%@K h@@beé}{‘*ﬁc%ﬂ:g‘?ﬁ dir 235078 kYees@ © Provi ded

havi ng a thickness of m crons, anneal tenperature of 140 centi grade
and an avmg@dsénrrlaid@ur&;u@mw@bd(smmy u&hg@ﬁﬂwlﬂ)@rmemmsm/mdsﬂﬁat erials are

d / Pl
Sor once,  PptPeBIB0aRiarRoR CRERs KEME Snl HiRe S N Bl o1
m nut es. roP@rs&at@rtﬂeaﬂ r@IQMg & 2090 F&FMRASs Wit Ilﬂlrﬁlté/ﬁ'?hig”bﬂl:é EIP6PME GaM@R cl eaner

commercially available from Wb Systens, |nc der, Col orado, under
t he tradetiigdaf yaaadd, t e@p@qdawa@aﬁ@ased to §00@snm awd thedharing tHanatmwapoxy

commerci a | | | xas,

under the‘!htS I}r{er%\éafg%a@?eéi?a g%nc n%ﬁﬁﬁ@gd r dang g%étp tﬁgrel_‘f%}{t%egpfé%&%

comrer ci ableyd.aVied teaditifg Breﬁoﬁﬂvﬁb abbo Onasbe aleighepanylutiRdeario bhearfuh@fi@nate

desi nation Epon(r?5 1050 were dissolved in 18 g of nethyl ethyl ketone (MEK)
and 185 g 05PoRePRYPIBSobut yl ket one (MBK), both of which are commercially
available fro [gufq@g I

di spersant, anz}gpg%ﬁgdraé% 0 ?s)ttuenrgl Médr%\@&%%?m %}Y%gﬂﬁ@oﬂb 0r19 g?ﬁsy avai l abl e
fromlCl atg@cnmcratesW$quﬂmgT}mi;ler[d9vVamﬁueeﬁltuwdehrougba 2tmiacm sﬂ:ﬂsiegmltalon

ngagggfég%élterﬁ add? éﬁ’ﬁ’ﬂ &l}‘f’é{’ﬁhﬁ?‘épﬁﬁ??t 5813 r?fg?/?ﬁﬁbéﬁ‘i‘ é’(i‘é?agzggogartl cle

si ze of Omadtkdd #133% a:faqmmtrélﬂeyceﬁvwahlﬁgloebaﬁﬂmtm&tmﬁ’ﬁé fiRf BRAE Yas
Mat eri al s, Boyertown, Pennsylvania, under the trade designation, "BT-8,"'

whi dA hadmisesairedias 48 % bt m¢%umn®wqé@n€@égra\@@nmcgﬂﬁde for 15 hours wer e

avai labl o 11 ont AP CRE AR Rt oSo R o B RGO T MERTT gbfan”

rotor/ st ag@rn byeadghtubhitiog ofEp3oQ os@ﬁpMm QA& SPEF ofM AL, \@élgmsohmﬁ%fal | of
the barium titanate was added, the speed was increased to 6000 rpm and the

bari um t i &&katris(diaethyimipemedyhphsnot wessfijtersd b ughiard. 45 Wﬂ%lﬁﬁ@'ra'@ool ed in
an ice bagh, EQ%eﬂrtg\éﬁ@tg JFRA FiRPbERE o @hgr?ﬁ'e se-EBft'cli Pﬁﬁﬁ'l tho glgg{l SAd s S5%

sol ids by weight ol'ume rati o of barium anat e 0 epoxy was
55: 4%. homegeneous by stirring or letting the container roller on a ball mill (without balls).

Final solids content of the second blend was 43% by weight. The second blend was
deaerated using an ultrasonic bath for five minutes.
The second blend was separately coated with a microgravure coater (in a
cleanroom) onto two copper foils using a web speed of 25 feet/minute (12.7 cm/sec) and a
25 gravure roll speed of 40 feet/minute (20 cm/sec). Gravure rolls were chosen to give a dry
coating thickness of from 1 to 1.5 microns. The coating was dried at 95 degrees
centigrade and then wound onto a core to form a roll.
The two blend-coated copper foils were then laminated together, in a cleanroom,
coating side to coating side using a laminator commercially available from Western
30 Magnum, El Segundo, California, with 150° centigrade rollers at 15 inches/minute (0.64
cm/sec) speed, and an air pressure to the rollers at 20 psi (140 kPa). The laminate was
cured in air at 180 degrees centigrade for eighty minutes.
The cured laminate was tested using the 90 degree peel test described in the 1IPC
Test Method Manual, [IPC-TM-650, test number 2.4.9 dated October 1988, published by
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The bl end was allowed to sit undisturbed overnight to allow poorlnhy di sper sed
aggl onerates to settle. The blend was then filtered through a 21 i EBr 10

stainless steel nesh filter to forma first blend. The i [ cent

sol i ds V&é“?/ﬂb’“?ﬁ rst blend was neasured at 53% and the vgfh%g&&%?%(’gnt

| oadi ng of bariumtitanate in the first blend was 15 neasured at 53% both
nmeasur ehehisstunefoe agtengicavp ard Phdazing. Electhwiic CBedity Afforge 60Istby wei ght

sol ution of Epon(r OlF in MEK, 1.8 g of an _80%by weight. solution of
Epon( r)poxze%ém lh(q(\o@%%ﬂ/%fgmasg?amge sgpasols Bhe spnpghiollso ThE cyted daminate was

2, 4, 6- tidoStALI R RYDRITLMQBL AY k&liﬁlﬁﬁ?kcs%{eﬁmﬁi 4 8thafhy PEAUILLIRIO whe M CToN
filter and then added to"236 g of The first blend to formthe second bl end.

The bl etehedastormagesidettheriagenaousinp ptagdard phatplithograthic mgl ¢dppenaschiag ner

roller on bal | ,mll i t hout balls Fi.pal sol.i ds ent of . second
bi'na. viteeeAus by Te gptetlas e BBryTe a dckifiber Buingra i S llergvailebfi ¢ asoni c
bat h f GForh Hé®/16tt Padkasl, PAREA BE ol £ RsliM@ trodePRIAbe 4z eRatTRd Wi th a

m crogravure coater (in a cleanroo onto two cg&ger foils using a web

speed dheasgred sapacipmgtwas( el /pme witherdisaprtioa fagter of @004-e rol | speed of 40

feet/mnute C eq) ur ol.| 2re_chosen to give.a dr coating
t hi ckness th?er%(?,oamﬁ{eﬁ tooq‘ff.l%r%’ (Pj‘l\élrlJl %%I.gacﬁtﬂrzlaﬁﬁ%aﬁ HV&S \%}étsto&ﬁega&c%r{jm@go ?éegr ees
cent i griagensisrd drieninv@esithethdide.CARRxEMRphOY frd@isr B hillifRers ¥93 bl end- coat ed

co&per foils were then | am nated together, in a cleanroo coating side to
cat i ngnidiimeterssilhg lamingie) W tomraeshensitepling holes wrrediprmaed inghe \asringien 30
Magnum de; i LAy W i I

i nc hes/ur#ﬂ uaﬁgglk'l@'. g%‘ u%ﬁﬁgﬁ@@t@%@%@aﬁ g%g@%ﬁg}tt’r\g%lﬁggég ?:lee tﬁ‘(t)osnlgﬁgmlr]'eglorer s at 20
psi ( l4pprRanateljBH0l mintomatie dias:tercweedhémlasgd inad th PAncegrieamaceshieetgr ade f or

eighty mnuies. .The cured |l am nate was tested using the 90 degree peel test
descri BEHE the togling peles g RSB AEMEral , | PC- TM 650, test nunber 2.4.9

dat ed Cct obgrycfl 38the tidRl] ﬁéﬁgy?}ﬁ the Pardinate fvds tﬁb@%@ed%itﬂ%@% 53656575

PCT/ us02/ 26756 the Insti Put e for Interconnecting and Pac ing Electronic
Ci ¥ cui tisch widephowrexist3 Adter proamiksy the ekces§ pliotasist fram thegdgased theo separat e t he

foils. ,Th | am,nat | so.t est f i by th
£ of P owil WG e PR 0B ey AP eiotss e Bick e VRt e FEQA™ Bt D00ns side
of t he Ipmdrakith Mtd BghEH Stk hs@hRtiflabt MRPHARNEGsIAMDRIP RAR at Safdrlg S

procedures and the capacitance was neasured at 1 kilohertz using an LCR
met er a@whptuabenergy.r bhe phoidiesist wagcthen develngled using® sodain: tabanaie saiomg nodel

nunber 426 . The. measured gapacitance was 6 nF/ cn? with .a dissipation
Fact or 08 i et Tt HiERARER BE cbfifer Ry Tufnsish Y hBE o cur
t 00 si ze:h@gersdiutign tafd btaRdard settings. The photoresist was stripped with potassium
hydroxide using standard settings, except that the stripper pressure should be lowered to
20 psi and less aggressive drying may be advisable to avoid damage to any of the exposed
dielectric layer.
The exposed copper surfaces of the laminate were treated to increase adhesion in
25 the subsequent, sequential lamination steps. Example treatments for promoting surface
adhesion include brown or black oxide, Co-Bra® Bond treatment, or application of an
adhesion promoter such as aminopropyl silane.
After formation, the capacitor laminate was processed within an interconnect
module package as if it were a patterned copper sheet. In particular, the capaciior
30 laminate was added within the center of other copper and dielectric layers in an
alternating stack, and placed in a press that applied a laminate force. The copper layers
were placed adjacent to layers, which were in a b-stage when pressed to facilitate the
lamination process, yielding a unitary, multi-layered structure having a HiDk capacitor

structure core with outer dielectric and conductive layers. Multiple laminations may be
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di nrensions of the interconnect nodule. An exenplary size is 33 mllinmeters
by 33 10 mllinmeters. The lamnate was trimed and tooling hol eg;w&am}ﬁormd
265

in the | am Jsing a punch. Fiducials for photolithogr t,
whi ch naawbga@ﬁpaﬁgh hol es of approximately 300 microns in ?%neter, wer e

then |l ased into the punched | am nate sheet using the tooling holes as the
al i gnnentuspdimerder Bantorpdrateisghansircap pger domntssorivaribleblirshanddtueiedai t hen

coated with % e 7025 15.75 15 inch wi de photoresist. After trinmng the
excess phots éspsi st fromthe edges of the |aminate, the photoresist-coated

tooling hol es P&k R, difkefic hieiATRI® I ddjacédQ8yerP bW intWahd aut o
al i gnnment was used to inage the photoresist on both foils at standard

exposur e dirsrthy opemirgsgisbresndbe pattefees qondvctiiedayespebhadickeatiria laysas waiccar bonat e

sol uti on _and ndar inags. . Then.,the cl.earances in:.the copper foils
ner 65et oHB N oh ESHT T Eh taRprhaT s SR LR B FTRES e
phot or esi iatersvaged niddupedrioturd bp atiBigi 4 diffdayt s dlof assémBly s prdladed set ti ngs,

except that the stripper pressure should be |lowered to 20 psi and | ess
aggr essi w@teawp%réwﬁagetw@%awtgﬁmaés uil pveIr @nd graugd Plaseanyhevias Mérexposed
dielectrig. T d en £ : ' eat ed
o 1 nor extrl eBfing o kaetr SHRARALLARRRE T PR S 0 Y1 gl R MRL R bt 22
Exanpl e teithat thentisd drofouph bamhonigtosprofaean 1Aathdsiecobeannat dittier Décomn c0B5H1 ack

oxi de, Co-Brag, Bond,tr nt r Lcation of an adhesion pronoter such
as gﬁ] nop‘?’Bﬁ%e§‘ir1b§ﬂér? 8%‘{%?6“? Bﬁnﬁgygkk‘?t he capacitor |aninate was processed
Wi thin an int er&RRESIncctRAHLQivRASRY e idd ardibuel 918 WAL pRIASH steaper
sheet. In particular, the capacitor 30 |amnate was added within the center

of ot her wihpepsndustivelinategiot wiing kugyer plating teshmiques wab anglestraless plating pl aced in

a press that applied .am nate fqrce. The. copper, | avers, wer | aced
S nont BHbMEPRY LREAS PR % drood b FRBR b BUELE 1 ThE.Pl Mate the
| am nat i aFolRMaGEpIating, it SitBOcchdUitiviedhyers Wetd patletitahehgStandaidur € having a

H Dk capacitor structure core with outer dielectric and conductive |ayers.
Mul tiopl e photelitbegrantdc pahnipees todonppihgzoomoasels2 The FERacipads weeTsesbtn/ 26756
used in o i t i i i ) vari ous blind
and buri g 4O SobEBbRAAE g A Slng PR ohnt A PRUTR R BRI E I Pom the
adj acent ingyemaedtinovdude, indwdiag the lamirdaed Hik apetitorgsudieie\eehiptws gdaéd er ned

conductive |ayers. The dielectric |ayers wer made of an organic
PTRE: base thatiep rieh SB{*%?FqbbFRﬂOBﬁ?g SR Sobdes DRl %@ewhlmﬁimrl&ﬂ@&%nect
modul e st LyRENRIYedMdct bddd®ntthe BhibhRh@NurfladRa 1 re@SBRMBiYCiR uiovi de

20 placed over a PWB for solder ball connection.

EXAMPLE 2
In another example, capacitor structure was formed with a dispersion as described
in above-referenced U.S. application serial no. 09/902,302. In particular, a dispersion as
indicated below in Table 2 was coated onto a copper foil using a gravure or die coating

25 technique.

Table 2
Component Grams
Epon® 1001F epoxy + Epon® 1050 epoxy 16.0
9,9-bis(3-chloro-4-aminophenyl) fluorine 4.0
Barium Titanate, 0.2 micron (Cabot Performance Materials) 78.7
PS3 polyester/polyamine copolymer dispersant (Uniquema) 1.3
5-aminobenzotriazole 0.08
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i nt erconnections between contact pads and power and ground pl anes. The vias
were drilled using a laser drilling technique. In particular,?2 FNg:188G

pul sed er used at either the third or fourth har i oduce an
ul travi%ﬁé?”ob%g% at either 266 rim or 355 10 rim as deg‘?f}i[%%%?ﬂﬂﬁ(’r u. S '
Patent No. 5,879,787. To interconnect conductive |layers, the blind and

buri ed vi as ertbickhessexdofi thesticdgasic ramiged franc apyatocitiavedy de terS.@nieronnig known

pl ati ng.techni ques ,such as el.ectrqless platin foll b ectrolytic E
D1 at 1 noTESoaLHS HES dORGPC o R RS HEEr R LD PHEn AP Aol TWETINTg bl at i ng.
t he outjghira@adesditd/adé BY Side, WaigetwRAchRUNBH ralfr 1 9A StaARSA fholoresist

phot ol i t hographic techniques to formthe contact pads. The contact pads were
used t daminakas Wiasorsedbnhlee laminaiedimatesiglveny erediat1 3 eseanegradotes 1.3Upon
assenbl the w.hterconnect nodule, .incl udi the | am nated .Hi capaci tor
atT voupe ol ThOLEEGRARE o HiHRen of Sn Pr Bttt AT VPRI ng
array gfhosRégi@nandatchantad prdirice hdwvitleal Repdtitoh efudtgres.cor r espondi ng cont act
pads on the chip attach surface, and the resultant structure then 20 pl aced
over a PWB for solder ball connection. EXAMPLE 2 In another exanpl e,
capacitor structure was formed wE¥AMPAGE)ersion as described in
a.bove'r?fereﬁéﬁﬂgér%xarﬁgﬁ'df‘%ﬁé fa%ﬂca?%rn'o%'ad& aci%?’sﬁ? 24%itaB10 ALYl ar. a

di spersion as 1 ndicated belowin Table 2 s coated onto a copper foil

usi ng aangh@wenaecd maiuk:, ackidpernipon desadirdiiguboveraifidrenced ChBpappdinatisrans Epon(r)

1001F epaxy + r) 1050 epqoxyl6.0 9, 9-bi s(3-chl or0-4-am nophenyl)
fmori r%ﬂé@%gﬁgﬁﬁa%# Pﬁ‘gi?@?%&%o%wéf B?th%ﬁﬁfgta ‘i@é’PFrofr%Hance Mat eri al s) 78. 7
PS3 of ester/ ol yam ne copol yner di spersant (Uni uemal. 3

5- am nobenzotri azol e0.08 2 2 FEB 208610 03/ 019656 PCT/ US02/ 26756 Dry

thicknesses of_the dielectric ranged fromapproximately 2.0 to 5 0 i crons.
The coa[t@cngpmstdri ed to a tack-free surface, and {KEamsbun@Ghmsd rdlls. Two

rolI's Wepgn® POUIFadpRdy coated side by side, using twpoheatedegm p roflers. A

st andar|de D@ PistSdpoky | am nator was used. The Taninaied maygrj al wap cured
at 180 d&@-’b?s%?ﬁﬂ%%—h%rﬂ ISpl"e mjﬂu%ri;’etu 275 hours.—Tie curedspanets re
patt er neg—oh e ot ot h—S HSHAg—eonvent-+onal q gtore:i st—ane—et chant
to pro darium, Litanate, Eﬁﬁ&ﬂ:gg?"@ﬁ E’?Wgyatg*ﬂﬁ)!?LEE s andPler—ex npl e of :
the fa qlygsteafpolyamings eopobymen dispersap(Uigvere 148 yse i|d-8 :
Methyl ethyl ketone/methyl isobutyl ketone (4:6) 127 127
2 4,6-tris(dimethylaminomethyl)phenol 0.25 0.025 0r 0

? Standard formulation using only 2,4,6-tris(dimethylaminomethyl)phenol catalyst as the curing
agent :

® 9 9.bis(3-methyl-4-aminophenyl)fluorene was also used.

15 The above dispersions were coated using a gravure or die coating techniciue.
Adhesion promoting agents may be coated onto the substrate prior to coating by the
epoxy. Typically, a dilute solution, e.g., 0.05 to 0.15% by weight in an alcohol such as
methanol, is applied by standard coating techniques and the substrate dried. Dry
thicknesses of the dielectric ranged from approximately 2.0 to 5.0 microns. The coating

20 was dried to a tack-free surface, and then wound into rolls. Two rolls were subsequently
laminated, coated side by side, using two heated nip rollers in a standard photoresist
laminator. The laminated material was cured at 180 degrees centigrade for approximately
two hours. The cured panels were then patterned on one or both sides using conventional

photoresist and etchant to produce individual capacitors.
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an interconnect nodule, a dispersion as described in above-referegnregh WIS
application 10 serial no. 09/902,302 and Table 3 bel ow was coated onto a

copper fagbazdslke 3 E on(r) 1050 epoxy 5.0 4.0 E on(r) IROMsmpexy 20.2
|l yst as 16.2 9, 9-bi s(3-chl oro-4-am nophenyl) fluorine 0 5.1 Barium

Titanate, 0.2 micron (Cabot Perfor ce terials) 100 100 PS3
ol yest er/ pol yam ne copol yner di spem}) uema) 1.8 1.8 Methyl ethyl

ket one/ net hyl Ih%ﬁ@&l&b’éxaﬂﬁﬁ@@%o&@r &lpctidn AL descRREANERE - AGBRALdN @Bl ati on
using only 2,4,6-tris(dinmethyl am nonet hylgphenol catal yst Ganmsa G ans

2,4, 6- tru@phcmﬁymamnawaﬂh 03 pbhahle § bepvowaeca®l enip asgppar (@l agent b

9, 9- bi s(3-net hyl - 4- am nophenyl ) fl uorene was al so used. 15 The above

di spersions were coated using a gravuyt g of die coating technique. Adhesion
pronoting agents may be coated onto e subst r at e prior to coating by the
epoxy. TYiRC&apdnént @ dilute solution, e.g., 0.05 to i@@ﬁ@y WGP 117 an

al cohol bn@SIOOK?[+n%® IQEQ,MV ey stamdard ¢ t'diL‘e T JUES and the

substr at 1> e f—-he—dieleetre Yeed—Ho
apprOXi ':L)bsg?’ﬁhl-ﬁ)rp ﬁaﬂlml?henﬂ ?l p_\_nnaiw ng 20 Vjﬁg?nd t ; free
surface, |MENCEIHIVAISIHEPQYSUNAINtationn rol | s were s .1hclpnuprtﬁ2£LLauinat ed,
coat ed sijddarbyn Fitepate, 92 mirrenCabonPedomagce Matesiads)i n| 8.4t andaf¥’ phot dr esi st
| ani nat or]. PSfheolyester/patyaohimea¢ apolymherdaspesantd@naqueb®) debBees ceh8i gradd for
appr oxi et 2hiyinobewrobazbk. caldtgstcur ed panel s were then| @pagt erned on ond or
both si degSinitfal TgreCReRYRRAtLRNAEgre®O] OF esi st and et chanfgg 0 priogiuce 1 ndi vi dual
capaci t or{Sadhesion after ﬁﬁfﬁ@éfé‘@ouﬁ@ PP ©o6 PCT/ USUZ £5756 | £XAVPLE4 | n
anot her  SXEHIBn S Sl Hould'a? 758 SgtlesT (PR PR ™ FPyve e Fpeee U S

5
This example compares two capacitor structures with the same raw materials, but
with changes in the ratio of fluorene compound to epoxy, presence of a catalyst, and the
initial cure temperature. The above dispersions were coated and laminated as in
Examples 2 and 3 above. Dry thicknesses of the dielectric ranged from approximately 2.0
10 to 5.0 microns.

Various embodiments of the invention have been described. These and other
embodiments are within the scope of the following claims. For example, the
embodiments of the invention described herein may be used in combination with any of
the additional structure or processes described in the following U.S. Patents, the entire

15 content of each of which is incorporated herein by reference: U.S. Patent No. 5,888,630,
U.S. Patent No. 6,018,196, U.S. Patent No. 5,983,974, U.S. Patent No. 5,836,063, U.S.
Patent No. 5,731,047, U.S. Patent No. 5,841,075, U.S. Patent No. 5,868,950, U.S. Patent
No. 5,888,631, U.S. Patent No. 5,900,312, U.S. Patent No. 6,011,697, U.S. Patent No.
6,021,564, U.S. Patent No. 6,103,992, U.S. Patent No. 6,127,250, U.S. Patent No.

20 6,143,401, U.S. Patent No. 6,183,592, U.S. Patent No. 6,203,891, and U.S. Patent No.
6,248,959.
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application serial no. 09/902,302 and Table 3 bel ow was coated onto a copper
foil. Table 4 5 ConponentGrans' Gans E on(r) 1001F + E on(r) 1%|0 £8 2006
epoxyl1l6. 016.8 9, 9-bi s(3-chloro-4-am no hen |) fluorine4.03.2 A# %

equi val ent/ epoxy equi val ent ratio0l:10.6:1 Barium Titanate, 0.2 m cron (Cabot
Performance Material s)78.778.7 PS3 pol yester/ of am ne copol yner di spersant
(Uni uenma)l.81.8 5-am nobenzotriazole catalyst0.080 Initial Cure Tenperature
(degrees Q180225 Adhesion after inifi ure (pounds per inch)4.43.4
Adhesion after six hours at 225 de = (pounds per inch)2.04.0 This
exanpl e conpares two capacitor structures with the sanme raw materials, but
W th changges intk i f - conpound to epoxy, presence of a

catal yst, gnd tﬁ%mﬁﬁﬁﬁ@%%fg?gpg%gél?%¥1ture. The above di spersions were

coat ed anda thiphnathetirfase defirm@fiph esntactpads HrahmhenenProyar inkagkated sigsiitof t he
dielectric ranged fromapproximately 2.0 10 to 5.0 microns. Various
embodi¥int s of the invention have been described. These and ot her

enbodi nent i b z ' ' ml e, the
embodi mont 20 G piichPuftal (AL e Lifad Padoitt Bl DA NATRL o

w t h Boayd;of the additional structure or processes described in the

followng U S .Patents, the engire 15 content of e ch@gj which is
i ncor por at EPPABIESHURRITS Rayvaech Hist copdgctiyslayeh, 2 Rgpong cgaduckiyg layeryaad afugtont
NO.  64;0it8rid Wer Brmred BREFLRR tl@ﬁrs@aﬂﬁ%cggf'coﬂéu&ivﬁ%%j?rgtwllhlf?einﬁh@gfét0631 U.S.
Patent No. 5,731,047, U 'S. Patent No. 5,841,075, U'S. Patent No. 5,868, 950,
U. S. datiesitve 1aysr, the 888né 8dndugtiB: lapat, end tixdirstsdigloctrig 1&yer kreSamimtaint  No.
6,011, 6 7é U S Patent No. 6,021,564, U S. Patent No. 6,103,992, U S
Pat ent'’® 81127, 250, U.S. Patent No. 20 6,143,401, U.S. Patent No.
6, 183, 592, cobdimtivedhati! fodded b #e3nt8REnndN thoduf®,; thiRin®ttorNRct a Pludd®y 868e 2 2 F
| B 2006 CLAIMS: I. An interconnect nodule conprising: a chip attach surface
def i nfilsbeomfackpadsdn thechirspepngugtiye laverachment to an integrated circuit chip; a
board att agh. SHIhAFeHRLE NYerGHMEXEANPID (B 80TilRhs AHLAGIRL bidRuf
printed wring board?

layer is less than or equal to approximately 8 microns thick and has a dielectric constant of

greater than or equal to approximately 12 such that the first contact pads, the conductive paths,
and the capacitor structure produce a combined impedance of less than or equal to approximately
0.60 ohms at a frequency of greater than or equal to approximately 1.0 gigahertz, and optionally
further comprising additional conductive layers and additional dielectric layers:

a second dielectric layer formed between the first conductive layer and the chip attach
surface;

a third conductive layer formed between the second dielectric layer and the chip attach
surface;

a third dielectric layer formed between the second conductive layer and the board attach
surface; and

a fourth conductive layer formed between the third dielectric layer and the board attach

surface.

2. The interconnect module of claim 1, further comprising:
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a capacitor structure having a first conductive |layer, a second conductive
| ayer, and a first dielectric |ayer fornmed between the first a”ﬂgf?ﬁ?ﬂﬂa
conductive |layers, wherein the first conductive |ayer, the seco
conductive layer, and the first dielectric |layer are |am nated together;

d d ' hs, . .f d i he i dul [ .
ol ur ity oo B0 PRpeebRielFug B oo T BRECOHRL RO 1ad G chPRBLSRRET Gl

each jgpdredaet i ve layer is approximately 10 to 80 microns thick and the
dielectric layer is_ less than or, equal to approximtely 8 mcrons thick and
has a di el®&¥cPidviddpyitemennset thythisd eenduptiye layeravitathetfstyppdustivededry 12 such

t hat m&eifﬂitﬁiﬁf&%mg%ﬂ@ﬁg@ff?ﬂ% %QMHC“ ve paths, and the capacitor

structure p uce a edance of less than or equal to
appr oxi matehgtein@hShtabomeat madile dafiessey eddctrivad sibail gaktahaitig & Guslpoition in
appr oxi urther conprising additiona

t el . 0 gigahertz, ti | |
condu@fﬁgslcéﬂ}é%‘vg 3&%&?3@ igdiregien %&aar@ fhe tjgmﬁu‘awsee‘ewadai gt ric
| &Y el bR kaREANEERILAR b roGRA RS Ul ¥idha¥ FhrdtfflsdddRd CORRIALL O6h

surface; a third conductive | ayer etween the secon ielectric layer
and t he chiiperamntsacdHocaonfodecail sacdndi coddutitiek ect parmits ayeutuflandedarze toveed t he

second conductive |layer, and the board .attach urface;. and a fqurth
ConduRt Peart g%}@ﬂ@é?ﬂ%ﬂ%@%ké@af b pyifrge a%cepiemoe qfa@‘egle%fﬂaﬁtsr%aboar d

at t achyh aWaheg %-mt?tpaﬂiﬂ@udtﬂc@ @&%%Qﬁth%%h@ p@lftioﬁl GFithe éiect?i\z'élts'fﬁ{a_l FARRILS! NQ:
2 2 E B 2005 a first via to interconnect one or nobre of the first contact

pads the first ppdiontef the degtderd signal pdtayer; and a second via to interconnect the
third conductive layer with the first conductive |layer, wherein the second

viais offset fromthe first via, wherein the jnterconnect nodul ¢ defi nes an
el ectri cal:si gnHic {plerIPoReRFmRiwe ¢f flam ﬁdvnlﬁr@ﬁ ﬂ;‘%C"‘Pé‘é‘it%{ SUMEWER B rHEct i ve

| ayercahaufod dridiug, @k iReth &ﬁi@%ﬁ fuffed dohiphigi@nduct ive via, and a second

portioh in said first conductive layer routed I'n a direction toward the
second corrgctid/apeditor swwhetnes mveed althideatdwoniveflaysai adfosgh enddustine layei, ve vi a
permts a nutual, i nductance forned the firs ortion of the .electrical
B gnardgaeron Sriet e 16eEBiendeiron By i n bty Fouhe &R e n T o cancel
a nutual i@ugtdanetrid RVERGHRYd bBeesR aRNEsPRIdisefdhddaphtitor@tr@ihfds GRhersingnal
path with the first portion of the electrical signal path. 3. The

i nt ertbe perlyeti viopRisintskcasingétra pluralitieeictha sedend caactinads tasthe dewrtly eondyctavef i r st
capaq%ggr structure, the interconnect nodul e further conprising: a second
capa0|¥or structure having a third conductive |ayer, a fourth conductive
| ayer,

4, The interconnect module of claim 1, further comprising:

a semiconductor chip of the type having a plurality of individual solder ball connections
on a mounting surface thereof; and

wherein at least one lamina is formed by lamination of least two layers of the
interconnect module, at least one dielectric layer and at least one conductive layer, at least one
lamina comprising a dielectric layer being formed at least in part from polytetrafluoroethylene
having disposed therein an inorganic filler material,

wherein at least one via extends through said at least one lamina, said via having an
entrance aperture in the conductive layer of less than 75um and an aspect ratio of between 3:1

and 25:1, and
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and a second dielectric layer fornmed between the third and fourth conductive
| ayers; and a third dielectric |layer fornmed between the first and second
capacitor structures, wherein the conductive paths interconnect 2 2piEBrAlS ty
of the second contact pads to the fourth conductive |I|ayer. 4. The

i nterconnect npdul e of cl ai , .further conprising: a sem caonductor chip of
the type h‘&@?‘ﬁ’& tge E)‘?rﬁ"f‘%lpﬁs g’}ﬂl‘e iHefcoRRfghmodple 355 coperted fnheandiyideal o g
mount §oiger Sl ESGRcASRSTRhid s2RfoMIRE®) Bnig! | €ast one lamna is formed by

| am nation of |least two |ayers of the "interconnect nodule, at |east one
dielectric layer and at | east one conductive |ayer, at |east one |I|amna
conprising a difl ectTheintspy@inebahddul of ¢tetn &f fuktbasdompisdey 4 plukdity of

pol ytetrafl uoroet hyl ene having di sposed therein an i nor(ganl c filler

mat erddditiongh@iplertac apd capductizp laygrsarepgehigsalierabngly denogedvertisally stapked) ani na,
id i ' - i ] £l th
7om oo e thd Sofhlou LGB ARENLIL 6 el il BRTAY Thiokh LRk Rhaclor, 525 LOPT,

t he conicmed, pads of the interconnect nodul e are connected to the individual
sol der ball, connectjons of said sem ¢conductor chip. 5. The interconnect

modul e of ¥heipimthe a%ﬁq%gfhei%ﬁﬁﬁ fayers gncludg sgeond ang third diglentsis kyats daspeseskctri ¢
and GRQELGIALY Bn bBYRIS SRS BRARLa IR LRI I the HLIBAIRM hidPUibIeCARL! ¥ St acked
di el ectric and conductive | ayers about a plane of symetry passing through

t he dapas riconadesitf thectapreanatetiel; endhdkapaddimatehahe dammt dotkriess dralythe samac| ude
secoqg.ggd iqird dielectric layers disposed respectively on opposite sides
of t HE'6RPALT '8P %t ructure, and the second and third dielectric layers are

made of thehGaRRuiRIngdsk BlyersTdhd@Ne ABREQKICHRS Bly¥rstihe; sthitigigngss and the
same thickness tolerance, wherein outer-nost |ayers of the staCk are

conduetievkickespsragd i thirgnsssh tthmeutat-mpstrdeaductivedayehs aerieisker thandanytasher

t hi Ckc%eﬁ&tﬂf i Q?S out er-nost conductive |ayers are thicker than any other

conductrve aQ%ré, wherein a plurality of said additional dielectric |ayers

have a hi ghigsreiglagsiralityrartuldugiditicaBdicMetricQayedé Bavel Nigkheh cdds86 niddaldsayer s,
wherein said plurality of said dielectric |ayers having said higher elastic
nodulakatisg & @it hefetelseirigdiers wWheransadipiragy iof suid siclpiten dayers hyyingseaidy

rel aty; - sali r..di j - - !ﬁﬁh‘ gyl us of
said1F§ﬁ¥ﬁ§§%§§%§g§%?%f%g?ggféﬁ%?ﬁgk@¥§ﬁ??ﬁﬁgﬁ%ﬁggéﬁ59§9g e %ﬁ%érconnect
nodul te saifl oteaidivlebirid aytksncictapthedleagrabinoldelas bf edié lanidhictd gulbdtratecionduct i ve

| ayer; and.at |east gne additional dielectric |ayer bonded to the conductive
Iayers,“bftﬁ‘étla?lﬁinéarxé‘&ztegc | ayer having a glass transition tenperature Tg
greater than 200C. a volunetric

6. The interconnect module of claim 1, further comprising at least one additional
conductive layer; and at least one additional dielectric layer bonded to the conductive layer, the
dielectric layer having a glass transition temperature T, greater than 200°C. a volumetric
coefficient of thermal expansion 75 ppm/°C, and wherein and the dielectric layer is an organic
material having an inorganic filler material; and a chip electrically attached to the chip attach

surface.

7. A method for forming an interconnect module, the method comprising:
providing a laminated capacitor structure having a first conductive layer, a second
conductive layer, and a dielectric layer formed between the first and second conductive layers

and laminated into a unitary structure;
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coefficient of thermal expansion 75 ppml C, and wherein and the dielectric
| ayer is an organic material having an inorganic filler material; and a
chip electrically attached to the chip attach surface. 7. A nethpd ftars
form ng an interconnect nodul e, the method corrpri Si ng pr oviding a

conduct § veoTByer crip A Gt R L rorv St RefF e AbestineofiH e "Secone

condugichit @hipa elisSintedmbaTh\Bil€on b Fr& sﬁiewmﬁ@&a@a&”&dﬂs@rhu{uee -32 2 2 F E8 2006
formng a chip attach surface defining first contact pads for attachnent of

an i nt egr deening@ hoard attach isprfacs defainigeeonsronéast padsdfor attaghment ofthe si de of

h d h r f d
cont AR anEc b s S Bt PRE e b AR ot Ml R G S 2 Wi v g

board on acoaﬁnme%a@heuaf sthltGure 3BaehipQttash §uifd05rdi‘ndth§ﬁbﬁiﬂlaﬂﬂcﬂdi@faﬁaﬁam tor
structure e chip attach surface, and the board attach surface to form

t he il thsatreonnegaandale; aad f or mi ng conductive paths that interconnect a
plurality fg{-mﬁxg%fnfxdtfcﬁre ML AGE nﬁgrgt?m‘fegt gﬁ{%l tgé%thecfﬁ-gtdéﬁ(ﬁpﬁl}’g?(dsang{ ifhr\éper ein

each conduc appr oxi nmat e m crons
di el ephductivellapger is | ess than or equal to approxi matel y 8 mcrons thick and
has a dielectric constant of greater, than or equal to _ approxinmatel g}clz such

that the fYhessingash %@uﬁa‘ffslayqrn%amwwﬁwéo M%@wroaﬁaw%@dctaﬁé@hc
SUrUGLYL6s i sotﬂbﬁ?&‘ Qqu%ﬁ%quﬂg(éfn?gﬁﬂﬁ@roﬁg i @Sshd 27 QL&A Rbnst tof

appr ox mate quency of greater than or equa

appr (@reamtthduyoﬂeqﬁalgo aapeximatebni® suph ko &d fyrst damtdct padsg trpondudtye Iplaths,st eps of
form ng additi.onal di el ecérl c | a ers and _addi t| on conductive |ayers

f or miH] 1 SRR 7 SEREE T PACe BApBTo ek Rk o TS B U JEPTPRFAAnd € he
chi p (80 @ififs U RERsy dQUEliBAhE bALl %gﬁss&ﬂnxeeh} RY % gdhBnOT opfignatgeond

dielectric layer and’the chip attac ace; formng a third dlelectrlc

| ayerfutkerwemprising theesteprsch fdommiing taildigiohalydeelecind layees dndaadditmnpbesindugtivef ace: and
form.,ng a fourth conductive | ayer between the third dielectric |ayer and the
board %ﬁ ach surface. 8. The nethod of claim7, wherein the additional

di el ectri GolndtghSednd diQEdTBE IdyePBRtwaBn %%Q@&ﬂd@&l%’flﬁj«dﬁhhw&@ﬁ Rydcgne
matrix containing a mxed cyanate ester-epoxy adhesive and inorganic

fill enrfagehe met hod further conprising lamnating all of the layers together
to forma forn% g%?fgccpn%c@ W layer between the second dielectric layer and the chip attach

surface;

forming a third dielectric layer between the second conductive layer and the board attach
surface; and

forming a fourth conductive Iayer between the third dielectric layer and the board attach

surface.

8. The method of claim 7, wherein the additional dielectric layers are formed from
an expanded polytetrafluoroethylene matrix containing a mixed cyanate ester-epoxy adhesive
and inorganic filler, the method further comprising laminating all of the layers together to form a

laminated package.

9. A method for making an interconnect module according to claim 7 comprising:



9. A nethod for neking an interconnect nodule according to claim?
conprising: nn -ii 22FEB1006 |anmi nated alternating conductive ang dfed #diric
| ayers about a central |am nated capacitor structure; form ng one or nore
blind vias through the conductive and dielectric layers; filling the blind
vias with a .con tive material to define cond tlve pat hs between t he

| ami nat ed I@HB%PES Alirmiting cadreiveAndsitlertne SYaTAbPVLA F%{wﬁ langipateq, gapacitor
|nte§&Q§m@ct nmodul e; plating the blind vias; and patterning the outer
conductive’ | ayers to formcontact pads over the blind vias, wherein the
cont act pﬁn‘mmg bres Qronomdﬂmderlqsahiwgh ﬂrmbmﬂectwpmdldneiectsc ﬁawts,lr e produce a
conbi ned |but| edance of. s.than or . equ p. OX|nater
060 ohms Aditedhe bt vid g Doy copPech e TR 16 R B OB R B EPal e

01 gaNihdted Lbacitét dtﬁ%ﬁﬁ&%@@lﬁ&t SR VR bPRGacreBnh AT kIRNRL capac tor
structure; alternating conductive and dielectric |ayers synmefrically
p05|t|onedbUngﬁmﬁﬁdemmsmmbs of the capacitor structure mhereln each
conducti ve ayer has t he nmet al  f oi

concent r aPAiERIR %erﬁﬂa\%‘ifn%ebéy el?%lg(;’feff‘m?l@ﬁtﬁbtr%g? Hﬁ’?"et}‘ﬁ %Bg{fj &% and one or

nore bl i n@h&ﬂeﬁﬁtb@’é&ﬁtﬁ&'ﬂ&ﬁs tehe Q&Qﬁcmﬂ@ &H@QH@EH&:V& Q&%rgirﬁétﬁ&tﬁrb&éﬁy ers,
wherein the blind vias are plated and P a conducti ve materlal to

defi m@onﬂg@w¢nﬁbstphumm ngtoderge oftléns ﬂn@mrn?audcto eppasimarlyst.6ichs & aand out er
cond?ct ve E% S &% t he IZF er connecf5 mf nd wherein each conducti ve
| ayefeTUEnsy SF B ARINEN 0T 1614 & SRPTRFEPRHE 1 1%%‘6 d the dielectric layer is

| ess than or equal to approximately 8 m crons thick and has a dielectric

constant ¢f gAﬁ%t‘%fcoBH@Jﬂnﬁfdum%ﬁs%C%pmei mately 12 such that the contact

pads, the conductive paths, and pacitor structure produce a conbi ned
power di st ﬁarﬂuuamdmapanpetdanmmrqf |l ess than or equal to approximtely 0.60
ohms at aal];grga ll'rllegnc%%ductlv " egtdleerlectnésl Payers se altnca?lya g{n%)ﬁle 0}1 %Ilagosne mdgs ta hertz.
the capacitor structure
wherein each conductive layer has the same type of metal foil and the metal
concentration in each conductive layer is approximately equal; and
one or more blind vias extending through the conductive and dielectric layers, wherein
the blind vias are plated and filled with a conductive material to define conductive paths between
the laminated capacitor structure and outer conductive layers of the interconnect module, and
wherein each conductive layer is approximately 10 to 80 microns thick and the dielectric
layer is less than or equal to approximately 8 microns thick and has a dielectric constant of
greater than or equal to approximately 12 such that the contact pads, the conductive paths, and
the capacitor structure produce a combined power distribution impedance of less than or equal to

approximately 0.60 ohms at a frequency of greater than or equal to approximately 1.0 gigahertz.
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