WD 03/ 019656 PCT/ US02/ 26756 | NTERCONNECT MODULE W TH REDUCED POWER

DI STRI BUTI ON | MPEDANCE TECHNI CAL FI ELD The invention relates to

i nt er connegto3roghsé es for use with integrated circuit chi pPCT/EBAGKGROUND
Mil ti-layered interconnect nodules are widely used in the sem conductor

i ndustry to nechanically {:0[1\\5 ‘ii) ];Q}S; . {r‘hl ps and electrically
@‘iﬁ}%

attach the chips to e dul es can be
configured to suppor P DX .:Lr;[ vN,jL\g %} d are typically

identified by the designation SCM (single Chlp nmodul é)u 10 or MCM

(multi-chip nodule). An inter cor@hﬂéﬂh& Ebbovi des i nterconnections that
serve to el ect r at rcuit. nal .| ines,
power |ines, ﬂl #‘1?1%089&% egﬁoe sr&dc}ﬁalrg(%l ea‘ie (ilifcflgr “%r‘?“ﬁ*{ E‘&"D%mt?‘? f tozi'l‘p(f In

parti cul ar, the i nt erconnect nodul e provides interconnections that
redi stri bute t he densely packed | BACKGROUNIMt puts (1/0Cs) of the chip to

correspondingélfs_‘ (‘?P{ n the print le\AI’In board. |n addition to
el ectrical int¥Hlth %rgg ARgFreonpect ’ﬁ‘Pg\‘ e &aely pefl indh seamisendugtos mdysisy t o
nmechani cadolyech@MBAIR Rippic thég?at@d Rirb it @ﬁ'pé"&nrd' é&t@&ﬁthtamF @E?S ogﬁ'érft&f m

ot her functions such as heat™ di ssipation and environnenta I on.
support hiviyingrhoargse lgrcopractimodules ¢an hesconfipared m\supportacshl@a/ehlpl ot ow

or ot ane< Pl T 5 o et 5 (B Blaofion S BBl i e 'o'W“eS

i mpéganceorddCM émaleiiheyy #dditg). pl aci ng di screte decoupling capacitors within
t he package and on the printed wiring board. As frequencies increase,
however, it beBBiiYCoRicEEmesiHePiovides fntergprnectonscthitesgrvede eleawically coupbay

i rrpedance S rodu he .di screte
capaci tor%ﬂﬂﬁe %la‘?%c%é(]f’cuh%ﬂﬁhﬁ@gﬁ?aﬁm& dd %qlll)ﬁggn%gﬁ &*\9?16990;{{ Onteg% %“ﬁlegfi? i hol es,
and tr acesirited wirtngi toast. dnrpaﬂrmlai,&hmmrbmmmmhndpidvﬁieb Ii‘raaicbmﬂeyu@fs t he

di screte ca o function adequ |y at her. frequencies due to

i ncreas edt%f‘trqtaglé?’iﬁ@é e dens WpéFlfeélr‘HB‘ﬂ PYPrYs QQ@ %Pﬂ&f‘aﬂ% 1 TESPAMIRE chi ps
I ncligde i nOSbAe prRBIGHHRE b0§1tdr ‘lﬁtaél'(hﬁén {djélée%gcél“lﬁt cgnﬁéaﬁoﬁ“aﬁ inteRGfndct cal 1y,
an "on-chip" capacitor can be fabricated during device manu acture, and
provi des modulg ﬁmﬂlaﬁ%eﬁmmgmmwlﬁm dapam pomted wirng@Boapd)\wad neayd
ground lin he ffer.circuite Unfortunately, on-chip
capaci tor%e?%’“él%’l g r?ttll0 ?%@P@ggﬁ%ﬁ%’@%%@ ffnvi‘%f’%‘ f 8eei% ui t chi ps by
i ncr ?aSi ng di eT(SSl@ortEMgil flepefasopreatidoneit t impbrtant 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.



WO 03/ 019656 PCT/ US02/ 26756 Moreover, the anmount of on-chip capacitance

that can be added to the die is typically limted by space constraints and
t he di el ewrismimweanst ant, which nust be limted in order traTAKO2/A6786lvVer sely
affecting signal propagation characteristics of adjacent traces. Also, the

i nt erconnecti n the on:chi,p capacitor, and drj ver .or.receiver is
usually 5 a re gfeﬁ)&éﬁ el‘ﬁnbor]imf%%(i’rgf}ﬁﬂegpaﬁg € C?’bget ﬁ%deég%.thgfd‘%lsgh

resi sti vitypicalky Binite@bg spaca lcbiibtraiiil andihe RMWTH dovistaht ¥hithithist Ye GnifedtiSr nal
capacitors is limted. SUMMARY [In general, the invention is directed to

i nt er conrder tRdeidadvemely affeetigsignal eronagatinn sharhetemistigh ef adiasentiracsast ant
capac | of ARbHE it ol ReREPU A BEVASHiD IRERN G RANGE: A3kelidy M RHA

di stribution, as we as processes cturing such 1 nterconnect
nmodubes. a rintivalydriglorestincapadh Hee wahs tseusfttigh fesisacigomeah g, vilihiduhe

invention.is capgble of.. reliably att.achj an integrated circuit chip to a
printed V\ﬁ:?qsﬁ%ueg‘g?ﬁ’rtge Pm)o‘%ﬁtﬁn@g‘?a@é‘i‘tor%’éﬁ%‘l nnections, while providing
reduced power distribution inpedance of less than or equal to

approxi mately 0.60 ohnms at hi gh op&y MR {r equenci es, incl uding
frequencies in 15 excess of 1.0 g.i gahertz. In this manner, the interconnect
nodul e is eff datgeperal, the inpgntion gs disgctad) te antersasnesihinodwlesthabincpporatsSs0) noi se,

core sag, . @t £ . i.gnal radati.on_at very high frequencies.
An inter ctgﬁjplglgﬁ Jr?r%éct}{lg,%%ﬁa%g% S AT tﬁptr%vég? rneggﬁetdilgﬁ’?d?‘?gf/pf’wgo orate a
seril@s ofgratmdedis@ibutieh, Ak elet @b pravesvsifos anpuficiuvidglsasttinferédhabctan@iulenm nat ed
together to.forma 20 unitary structure. The | am nated i nterconnect

A

struct ur Prﬁve‘icﬂ%Fb‘BP‘éﬂ% C%PSFFHFF_B@ in gacotdance With thsdnyeatinads eapablat| ayers t hat
provi de qen&luytauy&udg%ﬁhfegfaw&fcﬁﬂ_cﬂﬁ;}tg% [;ﬁr?&éﬁ%?in RGard (B dﬁ?golﬁgﬂhgt ed

wiring board,” and various layers wt e I nterconnect
i nt er conrkdtconmehtioas, iwlhileydeddingirgluatd poweratidribaamdmpedach of less hassr t hat

define cont act ads faor t gchment .t o correspondi ng. s on the chip and
board, r eesqﬁglgtpia\?&ofﬂmw a 02(%9 ‘g\@?sn%é“%la(me?%“?ﬁ’é’qU%ﬂci‘eéu’Q&I?“g%rfgeqH?’ém%SéPect ed

t 0 pbesendxceReff1iocdigiHestz0tn thixahidler AXO ARG LAl Sdule fsréﬁfecmé)imﬁﬁtiﬁg l'iabl e
i nterconnections wth the chip and the PWB. The interconnect structure

achi eves s@glignequpovidshing atput §SSObroibensesag.andythen fornismf signalr at i on of one
or nore thi i i | ane | am nates that form enbedded
capaci tor&s?sl.g 3cé1&%n\%§8%{gh¥%§%%€%tsbr can be forned by an extrenely thin
| am nate w th An#lerborglectineddetin accopdunst aith thin@Ehtitn, S dvdogiteste Ret ween two
conductive foils. The é,ee?uced t hi ckness and_hi gh diel ectric constant

I

produce i¥TEFEASEEMAPE LIt sHtAndranducdive dyepotwiare limdnajediogether totfpimbat i on
| MPQQANCEunithAPSRILARE TRY lahiafid/ R AAnb A% FEG RGP R B hnberde 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
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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

3-



pat hs that interconnect sonme of the first contact pads to either the first
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vi as ext esxdimplg, tieGthicknesagpofsacteofahe fitst and sdched canldutitd geraisd di el ectric
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of advantaggsisirear lamxeingl @paditee stridiie lenngiap condlictive gandibRctRdgyeM th an
extrenely thin cgpaci tor,  structure having a ver hi gh dielectric_constant.

Conseque r}f‘mat HEOHHRRAOE Y eSO hsrapacitos SEugsas féldd?nemr aWrelviag exicading ed
povah, 9 SHEbAEo! REHCs gL MESORLERSIEL SRt TRIANDD
i npedancdilledrwith atenduotiviembteripldaldefinecadactivtagaties batwdentthelantivaed i on pernits
faster Svga})gcq .orr] gtrﬁc:itlgr% a];18 buter conductive layers of the interconnect module, and wherein
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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external busses, thus increasing system bandw dth. In addition, nmethods for
maki ng the interconnect nodul e benefit fromthe use of a |am nated
capaci t orwetomsiocdsss e, whi ch nay take the form of a diel ect pPca/usozti’ng f or med
-4 WD 03/ 019656 PCT/ US02/ 26756 between two copper foils. Thus, the
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"conductive" as used herein nmeans el ectrically conductive. BRIEF
DESCRI PT|aosprapanyrpdrpemes el the description bslows Qthenfeaturesi olgests,endi | | ustrati ng

an el ectrgni e 1 rparat i i nt.er connect ul e that,attaches
2n i nt oor S afER R BRAny e RER VAR ophite o R ERTRE R sl At 31 B
crod6-secthe olimhs.si de view illustrating a capacitor structure for use in an
i nt er connect dule. FIG 3. ig a perspective view illustrating the capacitor

[19

structure of FARSerm “ganaugtives as uzgdderen preansgleqiricallyecopdusiivel [ustrating a
first enmbodi nent of the 20 interconnect nodule. FIG5 is a cross-sectional
side view illustrating a sREQNOESCROETIRNOFADRARBNGEt er connect nodule. FIG
6 is a cross-sectional side viewillTustrating a third enbodi nent of the

i nterconnect rid6ull s a oHsF$eCtigndl sidg vigvodBiswatitg apred¢ctonbepackane i | | ustrating a

' . [ dul e. .
1< or oagoatith &4 i onnafP Y HEF R B P PRI GBI 1 hat

i ncaspor akviemgddardnt er connect nodule 12. As will be described, interconnect
modul e 12

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 iinpedance of less than or equal to approximately 0.60

-5-



30 exhibits | ow i npedance power distribution characteristics that are
especi ally useful for high frequency switching applications. In particular,
i nt erconrwotosodsd e 12 i s capable of providing a power diPstrisotd7on

i npedance of less than or equal to approxinmately 0.60 -5 WD 03/019656
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an inter npgeadle conponent that attaches an integrated circuit chip 14 to a
printed wiring board (PWB) 16. As illustrated in Fig. 2, interconnect
nmodubfe 12 |ncI@ﬁé@wnﬂﬁet,natemmgn@ttamldukwﬂ?(mn@sas A Mterarediatt @ingminentc
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el ectricall coupl e a1 ower Surface and an
uppép surtbaoeespbndlﬁgllliﬂ’ebn@mdts, mﬂdiﬂtﬂbmapo%mdlgibm{dqﬁﬂﬂﬁﬁls veedlene 12 and
chip 14 aée g\f}% (Pﬁlé ?10 one another, solder ball connections 18 are heated
to undergt 3 PRy and form electrically conductive bonds between

opposi ng cont Q@l{lpﬂa%y b%r'blém&ﬂlgf'ahh nﬁgﬂﬁﬁéa\f C%Q% fggcpln{q&ccﬁﬁllg@tqné&lé ?i t he

voi ds between solder balls 18 and thereby reéin mechani cal  bond
bet ween i Yi2 an amaphelcsolden Hall eorirctéong 18hiTihe bdldeiMhedl condeations Il 8 arthedsitnienl 30 20

be f f hat I f wh th d
rovenant SRRt SO g O 5Bt ork o PP a6 RBTIERERT Consequent |y,

t he 18l eCtlhte&ibhn&Q ARidld M SWheRini@EotictSROHRE 1Dahd éhip 84 afeeadam th Iohel y to
fail during use. Interconnect nodule 12 is attached to PWB 16 with a

simlar #PHsESAksE ball Wms‘éﬂnﬁdﬁla@rheagéltﬁléﬁd%g@ $olé¢xrmféw anhEoray serve to

electric ad conn nodul e
1% o coreias FRERAN 681dbebOuR dpGiind AL baRE 0%y SfteH i SRSTREN, T2 rey
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layers of th ain, an underfill adhesive 24 can be add
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| d0Si I &fhn b QoRcATRI ah 8bb3Hein R UStiai i PhEAMEE nliBElchhe o e6RD! Y
has a coefficient of therm
chip 14 with respect to 1nterconnect module 12. Consequently, the electrical connections
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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30 expansion (CTE) that approximates the CTE of PWB 16. In this manner,

interconnect nodule 12 is capable of reliably attaching integrated circuit
chip 14 twoR#BI1%86 In addition, as described in detail becawsoz/ed766 connect
nodul e 12 makes use of an internal capacitor structure to achieve reduced

di ' [ . : h [ ely 0.60
et S ol ub EeRy T8 B ka8l AR CBae Mo BB R Bs

03/ 019656siGItAldS0L4\eifchnty opagSSOPhoite, Cofdi @ah@idtother foynisifsighanner, the
interconnect mpdule is effective in limting sinultaneous swtching output
(SSO) noi Egradaipratiery high dreguenciest or ns of si gnal degradati on at very high

frequenci es. 16 2id s feidnad Sk lvRAISE Ao Gffadilo Ildidbi BYoALIRACT L OF

structure 26 for use in 5 interconnect no paci ructure 26
may Pncl ugterdonnedt muasiutbul. | Gapatityrestrutdre 2mey imdthwle fastebhdectivayser 280, and a

dielectric layer ,32. Dielectri.c l.ayer. 32 e .forned y a sipgle

di el ectr isgc?“a{%/lcé’rnd%?%wf ::I]?yselr ggrﬁildsaech%ﬁffnﬁ?aé'fag@"rgt?l%cﬁqu @%rrﬁ may g%%’?mﬁ‘% shown
in FIG 2y d singla didléoti @ayerdireirsiGint isécdnd igdle HRY subayley T A6 Dy OB iNY A
dielectric material to at |east one of first and second conductive | ayers

28, 30, di§ Ehlnpapenlyn diglastielayaiangyrhefoumed hocaating adichectrdc maisdel toat
structur t i el j I n e _Ccases diel ectric
hyer 34 18R oR0r G dnd cdfofd EnBlcdefpleBA 30, IIRMELERERE ped gt BreSiiid
respéct i vtellyminkiercapacitolsteetira A6 and dute the/dieleatyiesye28In YheCaBesh@ dfefciiRd by

copper faoils, and serve S power. an round planes. Dielectric |ayer 32
may jtakeolf"}‘Fé 31“0?‘?‘?36’fbeaﬁ?.a@gd9<§aﬁhé§icﬁn ‘}Cg&ﬂ!@dewzlgh3%r§ﬂ?e€ﬂ‘@ll)éct ri ¢ constant
particles. Thepidi gh®&lobAE cRRUIUEH 18FeriBY, 0% 2l Bk ?&kfeq’bgzcgggn&??ﬁ%%g?%&vef rom

t he group consisting of bariumtitanate, bariumstro
t it ani um asgpewdeandgrduhdpldnes. rRielectmnlayer 32 atay.takehthe Faradefthnepoxyresiasi N can be

ted ont . h of ductj.ve | s, 28, 30,.e.9., b ||

oo T i e FtRtien A1 R sRBRTAD S sHeEiedtc padickS ity beRehPtidiEs

rangsng féxamphp BoaxthaRtciponfstiny &Qaﬂhﬁﬁﬁﬁlﬁt@}@gniurﬁ@&@ntggﬁ ﬁg&gtgpﬁﬁsniuﬁp to 40
|

m crons. In one enbodinment, each conductive layer 28,
appr oxi med¥edle; andlead girendum titangiee Kihsdeadedeporieresinsapbe coatérbontp eheot r i ¢

mat eri al th foil ter the .coating dries,..the
coated sides o(;%nt((\1 ﬁ@?feg?)&g ggd%%b &5y g}' ﬁ(gld(:dt%g JE S :31? ied, g%f"hg%rvg iaLYF'ESagrz?t
st ruct ur e3(craay eaehlhant adtiekchessianginh €din gppdoximasdul ®td 8D @itkénstdng, bl ectric

mat eri al . gq%?ci bor @t ructure 26 preferably is extrenely thin and exhibits
an ext r enRSFiraby A 038 48 misrans. r Inong spbodiment.aeh esndhptive layds@8g3isect ri ¢

mat epi al  dgprgkigh@G1 19 MicdkWah tiddasef erably is formulated such that, upon
I d

curing, it has a tota ry thickness of less than or equal to
appr oxi mat el y 48s onecaxemplea tie, dickectsic pragdriat ednl bye, coaedronkd bath dbils. A fted tie mi cr ons.
In 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 dielectric 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 té 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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addition, the dielectric material has a high dielectric constant of greater
than or equal to approximately 12 and, nore preferably, approximately 12
to 150. 3WoTheigwesul ti ng | am nated capacitor structure 26PCTamspr2Ess two
foil |ayers, each having a thickness in the range of approximately 10 to
40 m crons nd | ectric _constant in the range of 12 to 150, and has a

capaci t an®&" F 0y ﬁlée E éﬁ‘&e‘eﬁﬁn deopeBsiviedexst producga ?‘Hn‘ilBQd apfdpagedhat ipless cnp

and cont r gl Sqid? tRapHrSithd f gidheSt fi edance
For ohi p AN Skt CalepHhial DS e AL e B RALE L el it L P oo
03/ 019656 apEPXIgBOLy ZW@hepat frs thisamelnrteh éhd incerpormtios ©f capdcitarstiucture/26 | ayer
produce a_cQ n i an that. i s.]ess. an or equal to approximtely
0. 60 ohns PHI™S esflédtaﬁsgﬁggmlﬁfer%ﬂugﬁ?lgﬁwft#ﬂr‘fﬁﬂhgqual to approxi mately 1.0
gigalertz. In Lhinsnabedyapicitol BRudties ERALRL foPikeQh ifiBRafAdcPModhie YSL 44 vFel26
pronotes faster switching frequencies within chip 14. 5 Lam nated capacitor

st ruct ur eds Rigresaen fer mapuigsiurg of sugh siructiras @re dnseribed in 2J.S . Ratens No. as

rocesses f S ed |n U S. Patent
p . 6,27 22%25@ 9%8 pencﬁoindclélgfr}gn(%inf(‘o:(srﬁ.lll gzjssslapraﬁegggﬁq%w %enr% appllcatlon
s eri al no09/90930D2n80d CARAIGITOR mwmmmm@ IDKEEEQTIRREU_AYER
CURED W d JuI 10, 2001, as well as PCT

oUbl 1 cat | SHTEDANENGETHEE S FLOMEENES 0t Bl L0081, el Sre G pelication

I ncoygpor atyed ooersesd ﬂbe/eﬂtﬁé earﬁaﬁ%feaéﬁq;fvﬁﬁam é&efﬁd}aeaha%ﬁq efle {@{&%ed patent

applications descri ‘be the preparation of ectric mat t hat
i ncl udes &or epowye, thecabodenefetenbeal patent applmaadm deserttietheprepdiation off 21 ectri c

mat eri al e coat. ant opper fojl  substrates,. which are en
o e e et AR g gtabe SR Fet{lopact PR bR il e rlr s The
per spect i ﬂﬁléétrﬁ;\%htbh&lﬁﬁi}ﬂﬁé At bdpper flllsubdttiied, whicRlard theh TamifieghOWn i n

FIG 3, capacitor structure 26 can be nmade flexible, facilitating storage as
a web on &gether to form grcapasitgs grycurent er connect nodul e 12. For use in

i nt erconnect I i.tor uct 26 can b ze and
rLETEonnect MR SS HgerARGE AL BRI R SR R 5 RIS, ShPeec
nmodul e. | in Pl 8] ephdtor stricitre 26/aa®8 madd dleRible Factashicitbrage Bod Web 688 be 20
formed in acitor structure 26 before interconnect nodule 12 is ful

ﬁﬁp y

assenbl ed ! REIAL Picin IREFQRSs Brofgledn Fonse ipdntercaniret ewduict!R, expaeiior| ayer s
within in [ f g e side
to chip 13@%0?1%9%%%?129%%{%2? IZ%%JA& Breo%géd?gﬁﬁgggegb t% J(s)orraf.ﬂ%r uc udreg ?can be
used i n atheaniemoynet meidiifee e perticnlag viastnees, and dthee sondulfivd patididhtbeon, some

i nt erconnect dul es. may i ncorporate two or nore capacgitor structures
30 ormed 1in capacitor sructure iéabefore interconnect module 1285 1§ully assembled.

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.



26. FIGS. 4-7 present a nunber of exanples that illustrate this variety,
but are not to be considered Ilimting of the invention as broadly enbodi ed
and cl ai rwo oberi®wssn. For exanple, capacitor structure 26 ca®cThsousaEd as a
core for an interconnect nodule, with additional dielectric and conductive
| ayers bein uplt about the core. | n er 30 aml two capacitor

st %luct ur eeé‘a‘%@%rré’)v/o %%’a%l?ﬁrls%m %gagggxq%e%u?l&)?b%télnéegq rOFEIei%Fé(f COLF-GYe wi t h

i nt er veniwigh fht@lathg dieleaid 2a0RELMICtVEldyax e 1S eachta® 6dpa6RGEStrueRRAZ4 t OF
structure 26_ contributes to a reduced power distribution inpedance and

pr onot es agthwEesdQR redvicedypowsrsligiabutioadmpedanpeanBpRIDET e IWiRbE26 756
exanpl e, gwo.capacitor structures 26 may be built about a netal or
dielectric ctore, along wth intervening dielectric and conductive | ayers.
I n edch case, H&pdads 4 apsstectichal sile 2ew tlustratinput @St ineréonhectunathlpdorer

di stribution inpedanc d pronotes faster switching frequencies. 5 FIG 4
is a crosl§t-e§(i§’(9f1n?‘6|’i‘quu ﬂha&ia R el syrigce 3g agd g éﬁd‘qﬁﬁ?}éﬂgfuf’}‘iﬁé&-t Ipdul e 36.

I nt er conngiatiioRDRWreondbettAsdle FinkIALS AphciftsiaGheIR PRtheiRRdhdsakkach

surface 41. In addition, interconnect nobdule 36 includes capacitor
st ruct ur days 2Rasecomrd ¢andyetivedaxtn 30 and firstadielectig Jaysedbnkh tho nxhmple wEFIGiyer 30,

and first,dielectric layer 32. ln the.example of FEIG, . .4, .capacitor

st ruct ur e SEPACEOT SR ?ﬁlsctg%?*gtcf)gﬁl t'f)ﬂevétglc%ﬁ?fda?ﬂﬂ third ?lﬁggﬁr’éﬂl@@ﬁi c
layeos 1010492 addthivdchnt Houreh @ndudtbiensyerE4)d9C ting QohB¥EYSarftbdicldric ThiRrs
conductive and dielectric layers shown in FIG 4 are disposed

symet ri APV Bl %ﬁﬂﬁépi%%ymm&aHV@b%.cawpr steictisadh. Thatds.@eelr i ¢ or
conduct | eibae br LRATEN A ATomdlh e FRRRShIRiP LY 58 na0, NaS 2

correspondi ng layer o e sanme material for e oppos&e side of the
capaci t orcorrsspondingrleyer bbthesame nidieatal drmed onnhd-dgposids side 61 the tapacRod4 ext ends
through dielectric layers 40, 42 fromchip attach surface 39 to board
attach stWPSUE-41. A second via 45 extends through dielectric layer 40

frogschip att agdnsmef doenI FIGY] alfRsVinad Bstefds tfnioru?ltl d&%ﬁ&@%g@ 4hayer 28

of capacitor structure 26. Athird via 47 extends throug ectric |ayer
42 from Houn ghipattactcsuriage BAtebontd attachi stfacei 4atde secand secBrektadn thuotghve | ayer
30. Each yia.44,. .45 7 1s.20 ated w.th conductive terial ysing_any of
the deposeiRetétairan fifmahufdiBh Bufigslol S BRARES fiuSFiRhivaderd e

fabri cat igfrRagdcitor #hicRir@abl Mehitd vRarexténds dftoughdicdirik $aylet 42 BOm watd an
electrically conductive material to define a conductive path. Capacitor

st r uct ur eitagh shface &1 and terminatesptisecqsd sopdustize yemitirfeashiven ¢4,146r 44 isa 44.
Vi agg 44, J)ﬁ?tg% g}iqthl%?)mmcﬁbg qla‘(@ritahuﬁné: Qrﬂﬂcﬁctflé M&)ogﬁltoﬁ rtécﬂlliqﬁgs fdFa Wefiace of chip

attach s
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 plated with a conductive material at the surface of chip attach surface
25 39. Similarly, via 47 can be plated with a conductive material 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 balis 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.



25 39. Simlarly, via 47 can be plated with a conductive nmaterial at the
surface of board attach surface 41. Sol der nmasks 50, 52 can be applied to
chip att awbosurdeace 39 and board attach surface 41, respectrivset/sn7s¢ o cover
vias 44, 45, 47. Each sol der mask 50, 52 exposes a contact pad adjacent

each via 44, ! [ l e, solder ma 0 _exposes. .contact = pads 54,
55, whereas sé?é%er gxﬁag{;ﬁe %@@%b%aé’%‘”g’é rsiﬁ%t’t“e?;cfgn%%? 8%9%%%%5‘:@?‘“%% | s
associ at aflodile 96,twith fist sid cemicoadualvediees 28,80 fomiih@pdbwetdd grévthd 55,
heated, and reflowed to forman electrical and nmechani cal bond with the

contact padss- Beeeadididectde |ayer40ys formed debrgeattast copdugiive lyehdhand ehim be

i d : t
ol cotri ol o GAREEDY, fadfind ihgulivs 4R B (RS beR B R ohd l BiePtaners
PCT/ §S02/406n86he ¢mp atiahessefagd. dnghrtiehlar, tHird capluciitolyatdouwah be a@anédions a

core for Jinterconnegt ule 36 i.th first and second conductive |ayers
25, 30°1 JPHD RUTAOMER: Sthdgrsouiety. fiiustec B d5ivs 45 oRBed Petvesny omd | <
formed bejone@ftiveidyet 36 andiite boX@ dianesurfiBe 30hn ok th &nldacdveltydaggs 39, and
third conductive l'ayer 46 is forned between second dielectric layer 5 40

and t he dirmedibateedn third digdectriq laygrad2tanduheaboard hitach sodfactudiike thelthiyeér 46 can
be patter ac ads..54, 55 .S mlarl hird dielectric
| ayer 42 c:agﬁllfcg&ﬁlla%’%g@ﬁ\gé;?loug}elccg%%m%%%aaﬁrcﬁ Y r?le gf%ﬁéoa G KBAERAYS at t ach

surflace 46, 5and fourth conductive layer 48 is forned between third
dielectric layer 42 and the board attach surface. Like the third

conducti ve | aydirdand topgh disleetis lavsat theveay ke lermadiremlaminaiesof bighed t o
form cont i . i.e [ .5 40, 42 may
be for rrec} a?lk%r?nﬁ?i%g%tc gge I%C?rzﬁu-gﬁﬂ-rét? g?drr;f)%lrags? 3‘?@8?8?&‘?@65 %ugc} é@yﬁlge substrate
mat er i al damiatds, gexpotspsnliged ceysthl pollyyers, dpanicamiterile o1 depenic matstials,

liquid crystal pol rs, organic terials, or dielectrigc materials

conpr i sedqP" S%ngttlgéfrgﬁmp@r"tOfg’f’p%‘_i‘}fa;}f“@f‘?’e&yll%r Bith Ry Mitheut %ﬁqqﬁ' ORf t hout a
Filher. lemboagndm, ABROGEMREs 400uehRGhidCofl B REMiRatefid REE afrBde of an
organic material such as %%Eét etrafl uoroet hyl ene (PTFE), and nore

parti cul dwlyetrafiposogizienedP agd moserEECulatihagiexpanded Bl EGroat SITFE't h

cyanat e el . e —.4hhe PTFE material e ~in_particul.ar, an
eipandede‘%}l(;')lf(?li;/fsgﬁl %gﬁ%%fé%iav& c)?'f"%;rgeeesr%rtarrﬁ%fp?&ﬁ@enﬁ@a g’aFﬁfs%g‘a‘a% %8t e ester-
epoxy adhmsticuarpaitexpasdedapoilgettdfidotdethy2éheGomek cohtuidgayaned49anafSesi@y be

formed froma conductive material, such as copper. O her well-known
conduct i VPORRaEPIYE and perganifillE. used such as al uminum gold, or silver.

In i s exanple dﬁ%‘f@iﬁ ¥ 86 | 43YE 4 thi ss in the
range of appr oX) mat e y %rto ’14} ré%?eo%g.né?ﬁ%ae&%ggﬁpl \él?at%ﬁ%’ %u%ﬁg ness of
each 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 each |
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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conductive layer 46, 48 is approximately 12 mcrons. Dielectric |layers 40,
42 may each 25 have a thickness in the range of approximately 20 to 70

m crons. Wo oeneesxanpl e, the thickness of each diel ectri ec#QSod2%7b@yer is
approximately 36 mcrons. Thus, the distance between an outer surface of

fi lve.l a 28 ~and 1N f f IS |
than 100 i ABRAE R Rt PmioRES, R s 6 PHARR o fidtonfe ' °°°

appr oxi medl€iryncd boles defiesl byddpddier ¥auidt@e 261fayea 440f i nt erconnect nodul e 36
can be stacked together and | am nated using heat and pressure. For

exanpl e, all ofafftdormsaeandugtiveatisihat inteasnupees jonthepRdfaledo R chiPanot her in
g Stack. dtatiPGifkk $64Ka nbdig ah@%%uff&&ﬁ@l.%tﬂﬂ'ﬂl&la{nn&pgﬁ A0l of 51T UCL LT

26 one at a tine, and Increnenta u'lt wth oné or two a ional |ayers
addefl - 10n¥RodB¢BIHYBAB s BCITheiIOtiABIERSsociaredeitintheabipnatiérarings eptheWBNg

| am natiqp, di.el ectric layers 40, 42 nmelt and f]low jnto the clearance
hol es dgﬁr) g S9r°8&‘b%f_§ﬁ GeBoch o o Wi CP@JCW%Jamr.58\;?%%9&05?%%6
conduct i v, ihidh thi\aforiml fvic? BRAE! Sinti®ify26ta 4738 rcdfinecebediact Pad’s7 Rithach
surface 39 and board attach surface 41. In this manner, via 44 i s capable

of 5 i nt excewsrmondudiiyellayer §0,0rhich may ferar arizreaind phss.oAiltatnetively tfirstdnd chip to

termnal s t PWB. . Vi I Nt ey connect ontact pad 55 with first

bonducri vetmdaRalale o hEa 30 Ry SHHRARERER s peRBCRET Sishruisoer

pl ane. Si m | arlhierconhéctdnodule 3 mayirtide naffipla&liasRakild fo Wak B4, £249NTia

conductive layer 30, which may forma ground plane. Alternatively, first
C

and secdtPeESH Hu§TeRINEghOptactImds 9p chipyatipeh we&wg PO andibard gachrfyrisesner

pl ane, regpecti . i j pl e vi as
G ar Tare Ead gy ingRoh ROV SPCh Aot g R L *pads on
chi p att gotensialsffanme tigGoanttobbactdp.aint gerticidar intereonnédt, medude 36 fray indldde

I nterconnegtion. .Vias 45, 47 serve to.disiribute ground and power

pot ent i ala(s%%ft‘ro('}'fqll Yl?ﬁetﬁﬁﬂapﬁc%ectt fentagfipgds ?‘h{"baéﬁ?laﬁt%ﬁbl S&Ff?"q ﬂ@f’%%ﬁ-ﬁect nmodul e
36 Mgy i nEhyelR; kb8 Qnal to\didgbitB atpolvBE &1 GORRESIteiANMARL cHRRSt rd
attach surfacewéelm t.hcﬁ‘?r gt 1.1.5 cor_ltgact i veérl ayer %8, e.g. c to tollfpésqlta??ﬁut e a
power or fgerothed Wt cvimilatly.tadditienalcaasduey infercarapetrsecdndmontdisiveViler 8 mi | ar | y,

addi tion i Lt onnect cond..conductjve | ayer to ont act pads
on chi p aersfilB bl S66P ARERL o9 TR AR ROGHE L oo Poustlun e Epo T e
chip. Vias 44,Vidb44 55, sabarblee foarhe® thlloolinOMinigation dif fdércoiheef mbailensonnect
nodul e 36. |n particular, via 44 can be formed by drilling or | aser

abl at i on RIFUAEsWa 44 saribe Ermed dy drilling lasgrshiation pracasses as Hascaibed, or

28, S U rANET L AL BT G fyeen

i nt er conryokefereneeuFell@6ing darsinution, woldsr Mdsks 46, 5Uate a@ddddeintomeiisecb0, 52 are

then pat tnei\(r)glu?éj 3% ?o c(:joe\'\/feli' \r}lgs 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 I/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 is a power plane
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contact pads 54, 55, 56, 57 for receipt of solder balls froma chip and
PWB, respectively. In sone enbodi nents, interconnect nodul e 36 nay accept a
"flip-chiwbontessated 25 circuit. Flip-chip nounting entaritsoptasé ng
solder balls on a die or chip, flipping the chip over, aligning the chip

with the n .on _a.subhstrate ch as interconnect dule 36, and
refl ow nga‘cnt ﬁéﬁg‘(%tl p?flg(r%%t)laf:?%pkf#gél P ?Lfieﬁg%lZH‘f‘gcoé‘zatcgo%F gﬂwﬁrdﬁaﬁltnog%tgﬁi%en t he

chi p and mblitedsorbéliip attgch suffatd 365 thepovas distritition ihpedanbodisseRed betitisd i but ed
over the entjre chip surface rather than being confined tq the Eeri phery

as in w ribisils sRnbined mpsdancs o fertad pad Shoreadviivevis)d, @ad Frt gordiictixg 4
result, t Xt 1 0f r 1.N L abl e can
be. | ot eaald A B eonetitfiol AR AR o R cab e Rendie L0 €

ef fi &i entdoynpooertgdindns ddpenddnt pis freqizgnay of operstionucA tecknigte for galictilatiandf vy

reduces the r, distribution i npedance w thin i.nterconnect nodul e 36.
Assuni ng Rﬁﬁ?g’f‘gﬁ ‘OB%B?ﬁéPF‘?/‘é SF%&R?*‘}%Y ipdhis deseyigtion| ane - 11 WD 03/ 019656
PCT/ US02/ 267567 1GaR ¢ £a85sektitidl side view HaseltRg alRcthdSiflefd@hnfdlodultads
contacts the power input of a chip nounted on chip attach surface 36, the

power di swith bohipatia¢hhsveties 62 ambs board ditaph sutface hi s shownhia FEGrbi ned
i npedance t : conductive vja 45 a fi,rst. conductjve |ayer
5 The. oot Aty Mgt afRnRA ohactoR sl Bisp BRIREG “hue

i nduot i vesonButioopaReyss 30 andla ifigst dedeondienyer®d?. fIh @adi€ios YinRicoapsst alddare A
techni que_for cal cul ati on of . power distribution inpedance is set forth
later in %W%lug*‘és%?%’tE}néﬁhlr¢1ile[)estrlcslaﬁéﬁr%6%@-%9@?%1@iOééemraéWPaCItor
iIIustratgnglgtu%@@cond interconnect nodule 58 wth a chip attach surface 59
and a board attach surface 61. As shown in FIG 5, interconnect nodul e 58

i ncl udes a cenithatd cagedivedayes 64 iscforned BEwedrt sechnd ditleatnid 18yt 60 dnd Ehip

conductive, l.ayers , nd first dielectric, layer 32 1n addition,

i nt ercon_nagt@fh ﬁﬁfﬂﬂgég é&g\lﬁ?{l&f’?@é‘gl‘éﬁéﬁ%‘ﬁé‘%&ﬁ rF‘ﬁ&PB“%F%F‘B@t‘PFIECtP& €5 60, 62
on QpPOSidXanditdaal MHack QitFdcals1 C RRSCINIQEConAIOHGIHNE 148rs 28, 8O Hfad fo@pduct i ve

| ayer 64 is formed between second dielectric |layer 60 and chip attach

surf ace g®wepandgiound planefs avhiereas thindand deurthscandneting laersed6tmhayee di el ectric

| ayer 15 r ach surface 61. First and second conductive
| ayers ZSQaﬁéﬁlggg%/R)?%rS?ﬁn%ya ¥ >and ground pl anes, whereas third and fourth

conductive | ay®faurthiliclb€iriotayebes isfotrel leedlednahir@ conduicGRlaybeAeing. chip fourth
dielectric layer 68 is formed between third conductive |ayer 64 and chip

attach suteeldirige Sinwheress afifh diclecuicdnyes P ixformgd betwgen Hurgrogaduasiee ween
oA 0BRGN g dHELBE, OO S SRR A Bl o
die attach surface, 59 and board attach surface 61, respectively, and patterned 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 5 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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die attach surface 59 and board attach surface 61, respectively, and
patterned to define preformed apertures for the formation of vias. Thus,
t he | aserwosedidsss formthe vias is applied to abl ate onl ycrhsodeiabectri c
material . Conductive layers 64, 66, 71, 72 all may be forned from copper

with a thi Ckn%ﬁ%oTE%nbedﬁ&%tsr E@Q‘E&n&}ctﬁg ?aér r’rgt‘&h d’t 2 péﬁmn%fir%g@r Eimd

nor e preferabl m crons ric yers 70 may

have a th.lrltﬂ()ﬁﬁﬁﬁ amdlrdsisedeffamgmoﬁfduaupﬁ@ﬁnmtreésys 26 pagticulid), dbndiive layees nore
pr ef er abl 36.m cr ons.. gp t he di stafnce bet ween an outer surface of
first conymusiieallyositioned omepposite sifes ol apaciorstaictye A aay bsaaciprocaldy | ess

than 100 cofkimicaiiSsoansl: eaE'EPﬁe?s thE Sind I?QJ: Xﬁmkﬁg mllt lgﬁﬁ'nda?{docﬁgﬂ%éd {hgrre%ﬁ%a) xi mat el y

88 microns. The 30 various |ayers nat e
sequént i adt¢hed imtbtagattemradross ltvélelmqt@lrcsn@mnaﬁ@l inagach layen usappmbxtrmtei'yel ectric

| ayers 60 respectiv an be o define .sign

tr ;c es. qH*?‘r ap s Shy ‘Huﬁlf%;}g‘f ?f;%ﬁgyey qnd gg&t@gﬁnﬁ%o%ﬁﬁ lﬁﬁ?rr?é?jsq}’ﬁ@ﬁt‘gl

| ami nat i (Haluﬁlotheﬁhb@|baféhélhg oh@Xe5ther@@d miimizRg byﬁlleyntefc&ﬁnéégn%ﬁl@19656
PCT/ US02/ 26756 I n sonme enbodi ments, the conductive |ayers are "bal anced”

to pronotléldglttlllel@?%lsﬁ?ssum formty and resi st deformatlon due to thermnal

stresses. In Hﬁorr;lkﬂﬁlte%o Sl ufhtté Fc?mlegtzxﬁga;ule §% Is%%l n_éﬂp(())fs Io'hg]ﬁrsaed on

opposite sides of capacitor struc e reC|pr St Fuct ed
so fbat msmsmhae¢mst whmh@&teﬁét}&buglodlbleb@mlﬁwrse@b @R aﬁH abmdctt her eon
and 5 etched mt&agépattern acr oss netal .concentratjon in each

| ayer is 5508 2§, Signa] dayiers 94, 66 hbfcﬁﬁ&ﬁéz 84,18 turrecogtach plind Wpef8.and a
CTE of t hg) RLhiR artady RUrfaRE 89 SHPBEAB hitAh irfaBOSE Tyr%%@]&emn&)@h@&% IO\ Ane

anot her and mnimzing warp of the I nterconnect er thermal
stress. PRbrough @lymmhymndlam esed domeutingrochineetidns betvadenthes a number
of conductive 10 vi

th
di el ect r33° 5§/tectogdl§6weéaé'eﬁ§n %ij’ﬁcp mgéqaét‘f't“? gﬁ@’émgg%ég’t‘ g{‘]‘g %}’:gglla | ayers

64, 166. Blealifyasiesmibdied 3dbstiatt [hidrin 68 8 Cbnidct Hﬂlﬁ’bﬁﬁlu&@ve lafds atthehi p
attach surface 59 and board attach surface 61 épl cally, blind vias are

formed tIondugsiye daviers whdedriitraed mnd amagesessanblindeviasiedonmect acbmqnng

Can bo. { O ALV BERR Mo BRARERL SRRMME S o YShfeq GRNES R Sl o°

l'ayers in ordek blind ciamscliavenah ehtramo dpertury of leaey’ﬂhﬁﬁ approfimatandselitneas | ayers
can be patterned d any necessary blind vias to connect adjacent

conduct i V8 djamget %grr?ﬁﬁﬁ of ggpest tiphior thenkling; vizs may ke 1 the rangeafitd to t he
ovebgl | s4.{ Liﬁéllﬁl@c lé\brtélxhl'ﬁglle\r/]é 3)11%3(/1411%%{?b§ﬁ)r§1@3 'Bgﬂﬁg a%paeéntt%ge fath 8€§0 than

approxi mately /5 nicrons anet er e range of aspect los for the
bl i nd vi asicrrayg abé extandihg thrawglen ditledtrit 14yer 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 1/0’s on the chip with I/0’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 I/O’s on the

interconnect module with I/O’s on the board.
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20 5:1, inclusive. For exanple, a blind via may be forned having a via
entrance width of 50 mcrons and extending through a dielectric |ayer
havi ng a wbioskmese of 50 m crons. For power and ground di ®CTiUs02/26066

i nterconnect nodul e 58 al so includes a nunber of conductive buried vias

81, 87 that c n LV | ane 2 conductive
pl ane 30. Vi aog—%%g%lg%gt% g{%énwg ére néggg‘%én é('lcp ﬂgﬁlq%&ﬁ}e@r@% FRYY™in 25
turn, coritrpedanca ibinitercontieet Iﬁadlﬂ@sgresls @EovﬁhinFFI@t 5 26h 78 Wohtaee chfuciver 87

contacts an el ecé ﬁde 85 at si gnal z)& 64, whi ch contacts a blind via 83
at boar d 18y §8nwaig ﬂ’é‘&?e@llater?’@é(éﬁ CB‘&FW rigd yiarkgy Biied Vigconisict ratio of

bet ween apRARLVERLRE B6 ekvﬂlcﬁgfé)cge'ﬁs htex%% %nghfcz §17¢1%Ph LY tﬁlfﬁ%&ﬂﬁaﬁ%gﬂ bal I's

froma chip attached to I ntérconnect e so are
heat &d ard tlnee¢dndumetl@ydr$)anmmmmdiallong parabdriois vevtitdilyspased/ihthsy With tBO t her eby
i nterconnectin /O s on the interconnect nodul e 58.

Li kewi se, uf)rleil% Ogﬁgﬁmggg OP%‘?:sétF\gHe“st&n&er ball's to provide electrical and

mechani cal cmm&n € siohsls ﬁmm@rasmsﬁnem%hﬁaiﬁdwﬁm@f%s%d byhe sol der
balls are heated an reflowed to form conductive bonds with vias 80, 83,

t her eby iffistesignahpathspgiment vdthea smorndw@Jaqem%grwémtbcscgmu@mce&aamutuab s on the

board )/ 6 he bl i d vi as esent a
| ow i nducﬁa&r?cggggf%#%?%gt %CJJC%,J %uZé@e UC}II T mengwgﬁqb tb CO PEPERR

nodude 5SegiAsnts Mdwisidoe Fd (Be it that aﬂ&tﬁaﬁﬁ@ﬂhﬁo@ﬁmmﬁhs ﬂ@ws {eotRr 64, vvhi ch
pr oceeds\fL‘at eral Ig %o contact buried via 86. Buried via contacts

conduct i vareFgsin the firshsigap! Rettorcamgat angiilovey ipyanoppesitsdirestian ia ag@diapentt hi s
manner, NNt PR spRdntt he conductive layers are routed along parallel but
verti cal | y" spaced paths, with the current or signal flowing in opposite

di rections. B%@lm,an@erfgampta dIljGal, sapavitbhernabov 26 ivextemelyathin dndaht

i nduct ancg f or ned ir.st .S th segnent with,a second_adj acent
si gnal éﬁﬁsagléeg%ﬁ’tl}l E%W}E,S lé‘gl?;\dlr‘?lﬁggﬁ conit ﬁ’&fudﬁs%ffﬂﬂﬁ‘ > GRRASHOTUCHIEE 2 ‘gcond
condsict i edueas Pow&ATERAbutdr ithpelshck ivifiin dsedHetMBodRAL 58 1WIRRIORBIned Thi S IS
due to the fact that current flow ng through the vias flows in one

directi onNuﬂnth@H@wmch@tang@ paths defimed by bljné and buricdfviassananitenstpipos2a e
directi Or&lélgs {:(ﬁﬁl%&t oédlgp%table%tfP{j)grgﬂn%gphﬁ%}f‘ggéu%hfﬁ%alt%or{%éeq(anpl e of FIG

5, capaci‘tor s I‘UC ure I'S extrene

present s gigahegh withel goter idistgiaiioh anpedahide 6f lessstar or &RRPGIabBIt B0 stahsir € 26 15
reduces power distribution inpedance wthin interconnect nodul e 58. When

conbi ned  wi t H1Eh8 1§ peFopsersEonal side v dlugeatingethisg inpicaaneshmopulei88d vi as,
Capggl t OrA SioWaliH 'T?Ggg thi¥d ﬁltegéoxﬁl@ct' Ab&NE 88 R AldFRIMlef Eﬁﬁgﬁ&estr?l]::tu?@ erating

at high frequencies
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
layersA 100, 102, 104, 106 may be patterned to form signal layers. Conductive layers 28,
25 30 form 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 frqm 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,
so that the flexural modulus of the interconnect module laminated substrate is

substantially maximized.
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gi gahertz with a power distribution inpedance of |ess than or equal to
about 0.60 ohns. FIG 6 is a cross-sectional side viewillustrating a third
i nt erconnwotosondsd e 88. 20 As shown in FIG 6, third intecearsnzed7serodul e
88 includes a central capacitor structure 26. In addition to first and

second conductive |ayer.s 28 fir dielectric,|layer 32

i nt er connect J%ﬁﬁf8m§§uV%EW@H§®’g&gépﬁe GBPQ%$?@FH FFWﬁga?g?é@EFﬁé | ayers
92, 93, pproxdmat@ly 5 to%8 mRFon¥Rhdl, ASredréfefabBS afProdiiaily & igrosONduct i ve

| ayers 100, 102, 104, 106. Conductive layers 100, 102, 104, 106 may be

pat t er nedA¢cordinglin the distance bgtween arcyker urfageof firgegondpgive layr 38 apdpmn power
and grou I I iel (ol . 9 5, , 98 may
have a t Hlﬂr(l: A glts}gcei (ﬁ%tg ﬁtéctrﬂgaﬂglpg#a? b%g%){%%nn%%é g(fxﬁl%gﬁlyt gﬁofgfkﬁ?n% r (I)I}lg‘%and, nor e
pr ef &r ablexampof@IGnaitted Jistdbceenis apmosimaldiyd 36 néaohs.di el ectric | ayer 92, 93,
t hi ckness_ and, referably,

94, 95, 96, 98 hav u antially the sane,
the same thi ckﬁggé“f”dpg"l@'réz}.o ‘I“FFr%EH’(ﬂ‘F?ti%‘ﬁ,areeaggWVE‘il 8y acpmpatien %&Plg}d 92, 93,

94, 30 95n3%riedBiasah PEiERETEHr HRA 1128 08 3R rBA B icﬁi:p-atthéh SPfEe 89,
enbodi nents, however, sonme of the dielectric materials arranged outwardly

f r om capaeidtapecadrblinduia ] W6is fermpd, onl bayest ajtagl surf@8 91 nityrsteandeseeonidi vidse r

el astic u than the inner djelectric |ayer . g. . . 95, 96, so
that t her%%eLﬂf%{F pf%eé{}f)&gn%gl%ftﬁ%de? Afgrlééﬁﬁﬁp%tl@%uﬁﬁ ‘}é‘i’ri?ﬁgatlié%bst rate is
subgbant ira¢dive aeoideribaRdrom 4 éhiPier B34rd 1%Lt LY/ $1A&Y WAITES is FRGMate@pAuUCt i Ve

| ayer 100, 102, 104, 106 may have a _thickness in the rangl%e of ap% oxi mately

5 to 14 rhlErenBlingyia kiScentspispdhizbblind vipdi B vignablayen Hox Blinshwa 1

Accordin i . J f £l tive
ayer 28 Qhgel o bARE 13 4P SR ATRELGS. 5154 85T BLolshtiFh bERREUE

appr oxi melt28lay sikhél layee N Ohswhdrenstbhiad via E0aivptaet the sith&bried Vie atdigiadiser i S
approximately 136 mcrons. As shown in FIG 6, I/O interconnections are

achi eved a conbination of blind and buried vias. In particular, a first

bling via 108 Iio'ivefrfaﬁarg&uﬁa pEAL Pt At Gy A @CEn B madein gsc%ﬁ{%%ti?hi nd via

110 is formed on boar .attach surface 91. First and seco Vi as 8, 110
are pl at edf blipd fand huddeviay. cdiefirtharshowbdn Fi@ gy elipiattethysurfaac B9 wickude®8, 110 may

10 receive. a solder ball. froma chip.or boar espectively. Sol.der ball
196 1o i 1ing el B vip 2B bRl iR o HERE Rt { o vi'a 118
at si gnal125ayedciatébwitBhichih. \Blid 312 CRI1bASIES toha §cRbid Blidd ViRd2Y hiksid® at
signal layer 100. Blind via 118 contacts a buried via 122 at signal |ayer

104, wherlages 186i Fytupn, dlind yiacAftiaeeunletstogemaicd wia B9 afisignaklagirddl Asayer
1025415 F%B%‘@)Em%'lg ofFfY @gth@ laﬁQﬁgéﬂ%&?Bfﬁ@ BEGA Eﬁ&gurfgds\gascrggulgeiln %%glléﬁ%'nn 9 a

conbi nati o
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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of blind and buried vias. As further shown in FIG 6, chip attach surface 89
includes a blind via 121. Blind via 121 is plated to form el ectrode 123,
and receiwe3aiwssd der ball 125 associated with a chip. Blpcmaser/z7i1 i s
coupled to a second blind via 127 at signal layer 106. In turn, blind via

127 is ¢ |l e ried,via 129 at .signal |ayer 104, .. i.n,20 t

exanpl e gﬁ {%ﬁo%ng’q H?Qnéé eair@aar%%oe%lﬁ ot ‘11%5%5?3 ﬁﬁa%lgr?aleﬂg?ﬁ déég?/tlngéayre&]&%t s in
cancel | atiden13&f 3611400143 adwhanseeildyets4el CoaNast 1500 @indudie 1hped her
reduci ng power distribution _inpedance. Signal |ayer 104 contacts first

conduct i Vi kfare srmad apgppesitesidestof diclsgites gase 132 andynay fsmrotver god der  bal |
125 and t | $1ShesC G % 15 j power
or g ound g1 s Hesy SRR Tey Rl 1 LR e TRlRA VPR Bl oyt
provbded and ancsepssitesiranwdndwetide tayensd 44 AlA8 by3dieletthic dl@drs 13dn 13Guch vi as may
extend fromejither chip attach surface 89 or board attach surface 91 to

di st ri but®&R56WEY-and ground potentials to and fromthe chip and PWB. As in

the exanpl es of dfeldeic Ky@Nd03s forMEP bRV EHIuBive 1BHRAGDHLAN cafaiGt Ure 26 in
i nterconnect nodul e 88 substantially reduces power” distribution 30

i npedanc etagdre g Wasrehsa tiglectig laydrild if fosged hetiveen caidartive leyer 146 and

Cross-sect| | Sl l.ewd: ;L ust rat i a, fourth.i.nt erconnect nodul e 130.
In the excgh%ﬁq%r 8‘?"’@&\?65-, ]jller% cerrl%!)aﬁﬁresgg 6%4(}ua[r%p<1%f6ox}eﬁ 1?8%@ PR G paci t or
st r a0t ur esrugfades 268Ghd R64,Teshectivedp Idaitipk: Hadem wffomnslnichipl atdeiehagicei ¢ core
132. Opposj.te Z’i des of interconnect nodule 130 forma chip attach surface

! R 8
131 and al3dcaf doandiatiash suiface d &3 1gthe exammigobBip Tosse 12 filledoars 756
| nt er con ' j I f
i el cot ri e asrRe el 4Snd el Eofle- AR BahARECRIRCH & 144
146, 148,cohB0t pa@sridacti8wm dhiyyatash sidfake 184 @ndbearfl attadcsusfacoppiysi t e si des of
dielectric core.1l and. formnp .and roun | anes, . Cond ive
| ayers 118§pef%ﬁl¥:2ﬁh‘l§evﬁgg¥é‘?aﬁé’cﬁo‘flgél\ﬁbr‘meé‘io&ﬂ%ﬂ“oprdb& _ eP&f@Fps?n%Ef‘ulg%'ar e
sepasate fromyiandyekicHes fréiQcdnthftpadli4d Ol &I &fp httdeh @SS 3134, 136,
respectively. A dielectric layer 140 is fornmed between conductive |ayer 150

and capaciontict fisst eenductiee 1aga 28anEeapasiter stivetueecitai Simigry, viegE4i extends ned

ayors 1300 E7bhieF S0 b e P RRER e Y o bR lanh 802505 g

26a, ressbtdfeapacitoMthictipt 26ly.i Abuiéediviad 68 ekweRds tﬂfough ile@bhehmoiitace 131
and board attach surface 133. In the exaggle of FIG7, avia 152 filled

| ,
with a coldadttereannest Bist enductivedayeande, eRb slieparitnretuemrre@oadddenbl y 130
and ppnt erggﬁpﬁs k@&ﬁg@g& viR&fD, 168 and P8 S BistituBClibwitof Bffind 31 and

board att surface
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 S to 35 microns and, more preferably, 12 microns. Dielectric
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respectively. Thus, via 152 may provide I/O interconnection between a chip
and a PWB. 15 Via 160 extends froma contact pad 162 forned on chip attach
surface 780 o0Bo196sONt act first conductive | ayer 28a of capa&cirtusn2/s7saict ur e
26a. Simlarly, via 164 extends froma contact pad 166 formed on board

ot e ks 192 133 PRNISE 4D L SPREMBRRY Bl {eay Sl GG, )

structur TR buried vica ends connec e 136 to

i nt er conngalyinfide, 3i’rquid(myzhuﬂt;iol/}&mdr,aﬂwrspcﬂﬁﬁersm%?fresﬁ'g;mag 'glieollikes hfidlRdver es 26a,
26b. 20 Thus, the conbination of vias 160, 164 and 1 serves to
di stri but@‘%ﬂ%@?s Eﬁh%%&ﬁﬂ%apﬁbq"é‘ﬁﬁﬁew W 9ex0spisrons gad anere aefprablys 2&ce 133 and

chip att r f : | L 142,
P o4l e s R nch (LT osandhel 5 A s
f unci onsmgleimide tenzirfe) glasoariRH, and have sthickaess i 81 rnge af?i5p tafS@microny f ace

131): 25 Layer 28b. gro | ane .Layer. 30b: r.p Layer 146: signal
pl ane L& rmeF4Pfe§F%’&¥1§B§P§?f@nS-L%%‘¥‘C )/ gyﬁﬁa&ﬁﬁﬁal\@?%o E%l%// r 150: signal
pl ane Layfernd@aftehey B apbBéttto rb%)é@tive?cﬁél'ectﬁe‘l@'érspﬂﬁpﬁSC,:Q%’,L!Q#UHU RefiRyers
144, 146, 148, 150 can be fornmed from copper and have a thickness In the

range of VPl B¢ separaie pewgmngigeoundlanes, Thodistapeahasyveds an outer swifeeons.

Dielectri - / 6 /. 75 | ayer 4 3 6, 136,
220, 142 SO R Rt S AR con BT N oS G g
liqudd crappr@limpelyystemicréisudn dpaxnplesof REGOX \the disiance ig Bpprokindtélikeo and have
t hi cknesses in the range of approximately 10 to 50 m crons and, nore

pref er abl YT nicrons. Dielectric core 132 may be fornmed froma variety

of materials sgghuefveilyéhsa 280B(R! S0t GnHel REpXEInd Gpie-QlijlER i ARd _have a
5?%;gn ) }er iﬁ)y,

thi ckness in the range of 250 to 750 m cron nmore pre 500
m crons. laomitioniwith theytheslayerd of M@ coriee, madile ¢30h Oapacipart shaciuest 26h) er t hey

are appli t espective dielectric |layers 134, .135 136, 1 fine
si gnalo trgég’e%&&{}' 25’%&’5?8’1‘%‘8\5\}3& S'é‘??&”é‘?@%ﬁﬁg‘ﬁf’réw@s‘?l t%@‘aﬂ}p%‘isaﬂ%%éége{j'&een an
out @5 surdriGRereBy piloniod red Qe dUYfoineY Bistrifibn ZRpedanél ANnfeRBRAecE Hokiake 30f
contact pad 156 may be | ess than 10 approximately 50 mcrons. In the

exanpl e ol gepezal, pne phaow wrn e high diplsetoigicanstent jarrinatessunhmssapacitor
structure 26 replace the center copper plane, or “core,” typically used in existing
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, e.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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Conductive | ayers 28a, 28b, 30a, 30b can be pre-patterned or pre-drilled
prior to lamnation with the other layers of interconnect nodule 130.
Capaci t orwetmsntisss es 26a, 26b of FIG 7 nay be construct e#CIiset/2a166 al |y as
described in the exanples of FIGS. 4-6, 15 and thereby pronote reduced
power distribution inpedance in interconnect nodule 130. In general, one
or nore very thin, high dielectriccegﬂsiﬁﬁé,Ianinates such as capacitor
structure 26 replace the center copper plane, or "core," typically used in
exi sting _inter.connect nodul es. The.hj di el ectric copstant . and thin
profile o‘f’fleéégal ??pc?r%ﬁ%r}cF u%’t’ﬁ&lg peﬁ%‘%bvr‘%’ {I58 Spacees V%Fﬁ rﬁi‘]?%c‘,’ﬁ 5% ce t hat
reduces iJopshnges therreadsithd @pacitdigandhiiithpikitkde8s SdigthndedRAGednqhe St I UCt Ur e
26 in conmbination with reductions in the thickness of the interconnect

modul e f rRSflicheanagieigilates. Thusiaithe ease of aminterernngetmerdide Gt thhe chip attach
surface Tdipldighed RAMESBy hIRFBRRESHCIEANRLITILOR JYHer Of layers betueen

capacitor Structure e contact pads-an e use of thin dielectric
| ayers | ess t e cappuianca@ndle\inetBasad by imseasingtihd adenetesreasdhe tehiidvadc r educed
mentioned . a .manuf act ure of Qggacitor structure 26, in

t hi ckness, . ovye,
nmany appltp'c‘,’gislqsa’r@?reﬁsé‘?‘g %’_ﬁ%fel%?éﬁ“f SPISERG A PR Y FRERPIASHON; Orfél_?e WVEF A the t he
capaci t OrcasSbff dfEH1p apadTbiRalfforlnthatddy, ThGERAMARE ﬁl%afl@igs }’d @?ar%@?h%'fe‘? desired,

and then constructing the package substrate outwar romTthe cCapacitor

st r uct ur edecegasingathicknesslgedsrig inngetised defedt densityears] ineregsing the didedricbed in U. S.
Pat et  Nos, 879. 787 or. 6,021 564, the entire content of 30 each being

i ncggpor a(;?)gggx?]telp%b%s%g98—;:3@@}%1%%{0%% lof]ﬁlglla%‘ased dielectric constant and
reduced thi ckrigsefofe, SaRaTihE Bk iSichti6i, WhenetBssal Qphel@nddlisi pAsVieaB®a
capacitance that is.a major factor in reducing power distribution

i npedancdamingged; Gapagitor siructyp 26iembeddadeayithia the iaterqonaeat masiulee I8 gapetal, it
di el ectri: : ' : ] tion., 17 WO
037 016656° FRTAPIR) SR Bpatifg RGO dibel iyt W RO LB T, 16

permi tti wutfaceods fossiblespan efforE to minindzerthé sdries éndiic@heciordoanedt anthe dldnes, A i S
the_ area of.. the capacitor, and t js the thickpess or distance between the
par é? | el %@&aﬁﬁ? peWaxHyziag ﬂi"erlcapﬁ‘étae%&‘étktg? CaRRCitof SEUE W RIARE Pitiul e, C

I's the 5 163R&E0hAPRILPAVIRHaPInIR 2P R cipa(‘ﬁmg}?ra%ﬂs ak ax%%@éég%{'g\b% &l S or

pl anes. The capacitance can be increase increasing t area, decreasing

t he di el étwéen the plank pais end the chipawnmestivhendithdt didledtic anshamdnttivedayeany
cori nati gy L 112 ARANG.aFor the
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

include 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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case of on-chip capacitors, unfortunately, increasing the area leads to a
| arger die, decreasing thickness |leads to increased defect density, and

i ncr easi yotobwi1wsel ectric 10 constant increases on-chip sipgmalSopzapagati on
del ay. Therefore, according the invention, the necessary capacitance is

provi ded l.am nat ed capacitor st ture .26 enbedded, wi t hi .he

i ntercon r%g%g%ﬁooé %ees.t&feﬁméer H%rné?t?heisttﬁe {:iﬁd)g e laﬁf‘émflﬁcgtmo[dﬁlg @Qﬁg% fl?'or

st ruct ur & ube kieCeetiqulsidBesivey usd 10/H08€ tHedstifRAING g 22¢ Elssbn tosHattRaRIAS
possible in an effort to mnimze the series inductance to connect to the

pl anes, 15TEw that ofithe substeipring and lida Ylpieoyergthe substrisarantbs sletigesd sorfhat

capaci tor; -0l ane Ll ]?eq%j- i ity ] L ] only as
few ci rcd}sﬁgﬂﬁg%%slg gnhrrngl% h‘ges'(}g%tsdgrt y el,'lg ,f%?ﬁ%é&hdé?{ %g?'ﬁ?f?nﬁgggﬁg%é pair and
t he &hi p desmribedtin DIf. Patett Nhad,24B,23% tierdntiracuhtann oflubichieidcasperated dreiknesses
be m nim zed. |Interconnect nodul es constructed according to the exanpl es of
FIGS. 4- }’Yﬁﬁ@?renf& further include structure designed to promote bonding
reliability andideRigas ﬁ)r‘aﬁﬁrﬁff%?'a%wek Bist{bRitiBh SREQGROfi gD 8F MRlit RAIl sses.

In particular, each interconnect nodule is nade of t%e alternating

| am nat eghouf becdasetitead; e |figyrerof ragrit cain be veadrtp classifieths impetnesd bed above, that

are selegted t.o.present _aon overall coefficient of thernmal,e si.on (CTE)
that neartSenistitiBel af piterutest mpiule fygrposating iy exirsely| in. high et eg 7
U. S10 Pat enhsti¥i.larhind6d cBg4titof Sifuchirt, & es@ibt® Réredy in s sakisbi$to BT por at ed
herein by reference, a stiffener ring may be adhered to the die attach
surface ghtefoqangchmodalesnOther trshnigues fppguantifyipg peyer distgbugn impsdanceavi ty (or

cavities) i i nt . L CAl zh . I G uch as
capaci tory® Fut COnbsRAIR i fheSks AcbriD AR A PAREL AR o,
nodul e. 30 béconsidened/lihgingafidedntentiohe stiffener ring to enclose the chip

within the intercopnect dul e ckage. The |lid may be nade of materi al
such as copp_eﬂzt%ﬁn)ﬁ_g‘ﬁ PPRETRRTE HP“E?'EﬁygFm%ﬁ%F_ech?so?ﬁc Otyhese piec TRk | al |
suchsas Jrephdidive PlafiROfQtalel YRtk power & gréhdH. ql‘&%ﬂ@%%emtﬁé {ed . such as
silicon carbide. In this case, package is designed so that -18 WO 03/ 019656

PCT/ US02/dzeczd@d hetgin, alfof dfe pomver planés arpassigneidng onmvdtags andell GERrodnd: he

i nt erconnegct dul.e an he |id. urt.her he particul ar. adhesi ves used to
bond. + he 1eier FETtsErr ity i ntehial e e BBt debEiiedt BN Ebediene
subst r at eAltlidugh af iflercbshecMAb @AY Giay obBe FblehERE® ICAR e Jud iefhuipld hat

its CTE, at least in-part, matches that of the chip, and al so that of the

sti f f eni rigltRgeigaaisesents dhip pssuaptinn ginplifios pralysisef thepower, diggbutiane entire
conpgnt QInp\é‘ﬁﬁn%Q is incorporated herein by reference.

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 interesf. The calculation can be performed according to

the following procedure:
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A technique for quantifying a power distribution inpedance figure of nerit
wll now be described. The figure of nerit can be used to classify the

i npedancewoabarwmsd eri stics of an interconnect nodul e i ncoPpmEsdE/IHIS@N
extrenely thin, high dielectric 10 constant |am nated capacitor structure,
as descri bed rei in.c [l S ot her. intercon t nodules. O her

t echni ques fo?ﬁquaﬁsluf%ﬂtentglg%%\rﬁgsrlggPMPfOBﬁ%thSHdletﬁi a%ggﬁo‘ﬁsay occur to those
skilled in the art.rfccQrdingly, the technique described herein is not to
be considered linmting of the invention. For any high performance

mul ti -l ayer packagewlressisselativodiclettiigrcendsr add 0ugihe speeidfdighconduct i ve

pl anes dedi cated to (iither power . or q,round. For purposes of the test
descri bed herén, dralcyate thetranspission|lnsgyargravayslengied to one vol tage and

all ghe ground pl aneg ok npofher, with the intent of calculating the
frequency dependent in'puftf?rrpgaance. Al t hough an interconnect nodul e may

not be inpl enent ed wikeré Niis1eABMNAIG fdyﬂletfﬁqﬂéﬂcszioﬁlaﬁalyéigﬂ tage requirenents,
this assunption sinplifies analysis of the power distribution 20 inpedance.
The measur emert. pr didlerate dre dpplickiblé pasitagedrea:t wo conmponent s:  ground

i npedance and power . npgdancg. The power and ground inpedances typically
will be different IEL’@ E@tﬁzeﬁﬁysi cal configuration of interconnect nodul e
36. For exanple, the poyer ?r ynd planes, e.g., first and second
conductive | ayers 28, 307t alf§ will be 25 positioned at different

| evghs within intergeonnect nodule 36 and, as a result, at different

di stances from contact pads on chip attach surface 39. First, it is assuned
that the frequency is high grgygh that the power and ground planes can be
treated as transm ssjion_lines. This should be a good approximation for

oper ating frequenci‘siere Body cdzesrepresangothgwytineof he pagkagedi ngl y, transverse
30 el ectromagngetic opa i med, which allows the
characteri sti E:L? irrpéeal anctg eorﬁp‘ﬂ{ghg gﬁa@@hc?@p@%%%sti mat ed based on the

di el ectric constanta.of tHistadjhent planein dielectric |ayer 32, the associ ated
spacing to the surroundi ng conductive |layers 28, 30, the frequency, and
theldrea of interest. Ther t&k C6l "éWBWnéaﬁeMa%"nfor med according to the
foll owi ng procedure:, -19 WD 03/ 019656 PCT/ US02/ 26756 1. timte the
intrinsic TEM propat3ie §Hﬂ&éﬁa§fatm15@r?ssms§9&<ﬁstw hetwygen afirsygpnductive | s
relative dielectrigappRadaichgld ¢ is the speed of light. 2. Calculate the

transm ssion |ine cLuarter wavel engt h:
. Second adjacent plane, if present

C, =¢, *¢,* 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=I*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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51 =0.25/(f *Td), where | is length, and f is the frequency of analysis.

3. Calculate the applicable package area: If | > Body _ Size / 2 A = (Body_
size) 2 WOoBbs®sA=)T *12, where Body_ Si ze represents theproutusonz7sd t he
package. 4. Calculate the capacitance to adjacent planes: a. First

adj acent plane 15 C, = s, *tEo * Al Plang_ separation,, where Plane
_separation, represedfs the siétween a first conductive |ayer and
the chip. b. Second adj acentZ2 pla@ne, if Peesent C2 = s, * sp * A/ Plane _
separation2 2 mg.re Pl ane_separation2 represents the di stance between a
second conductive layer and the chip. c. Total capacitance C=C, +C2 5.

Cal cul at e t he i npedbnei mir giteh, pl ane 25 Z=1*Td/ C, wherein Z is the total

i npedance, Cis the total capacitance produced by all planes between the
chip and the power %t V§'8%H% pl ane, and Td is the TEM propagation del ay,
and k is the length-cgheyl#lpd above. Gven the calcul ations above, the

i nduct ance (L) can next be calculated fromthe 30 chip die to the

connecti on w th theuf Frpetmeadbility of fregspagachndl ane, by using the equation

bel ow. -20 WD 03/019656 PCT/ US02/ 26756 L =1*L t*Po'ur*cosh -' d via 2 wire
_pair V 2 ;r 2a wagereelativeparingalpbify; typidallp,1.0.a = vi a radi us,

This calculation of inductance is repeated for each subsequent power or ground plane
layer until a connection is made between the chip die and the bottom-most ground plane.

10 Repeating the power/ground impedance model calculation is a matter of joining
the transmission lines and the inductors, both as calculated above, 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 cénstructions, including interconnect
modules 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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5t
per neabi | i

| engt h of via,

ty,

, Uo

| ayer until

perneability of free space,
typically 1.0. This cal cul ation of
each subswquentspower or ground pl ane

bet ween the chip die and the bottom nost ground pl ane.

power / ground i npedance nodel cal cul 811AI

JAg S

and Pr

relative
I nductance i s repeated for
a connectriusm/i@sérade

10 Repeating the

s a matter of joining the

transm ssion lines and the inductors; as cal cul ated above, into a
network. To gsfeRddeNBETWOT K, tmmmemjmﬁ'sy vs! FISBQBERCY @350 45
frequency-j-ndependept resistoris termnated in ground  Standard cirguit
anal ysi s tlechR§ues| Cresiseetitnpe ASed| { &Hol ¢&EGHpy 3 6He i Wl | Asd¥ance. The
i nput i npddance caliculation jdl ed for hothithe pawer and 15 grnound
net wor ks. |Th&hayehel figtneesgof |net42 cahbbe|défldned 1d8 t|he2.Svef agd3off t he
power i ng the ground inpedance. |Set forth in Tablel 1 bel gw are
figures of] Wewer VPor pewmepsedi st rd-but | ohSt npel&Bce 1f36r |a hihber 263
di fferent |inB ct nodul e jconstryuctiong, incliuding |i ntercpnnect
nodul es i ncd®deven i ngewlartgsn, |hiGH dj ed-62tri ¢.18onstldft |cabifci | 08.08t qucture
as descri ed kherin and ot her interconngct nodul es without| such g
capacitor |st@G8¢fMrel Table 1 lindicates the inpedance fligure pf merilt over
a range of dJidmaei ng ewéaplesncilesV-2% on GA® | nBdahér t1B2t d 51.86 ghh2d®z| - 21 WO
03/ 019656 |PEPUSHE2/ 6756 TABLE 1 | NTERCONNECT | MPEDAN (OHMB) vs.
FREQUENCY |(GHI) Type Cross-section 0.5 1 GHz 2 GHz 3 4 Gz 5 Giiz G
7- Layer Gypdi8daye. 4pXespbplespX3 1075 p. %46 3| 38.81 (58 1MS7-|Layer VI P26sgpsg
0.31 0.51 joHe IB36| 1.93 2.53 | (36 m *8-Layer gsp[gp]gsp 0.35/0.62 1.10
1.69 2.35|3.G8rm)j Dk (58 n) *8-layer| gsp[gplagsp 0.27 0.148 0.86 1.32]|1.85
2.39 Hi Dk (3@-4;@\/9 psigpligplsg 0.14 0.26 0.48 0.74 1.01 1.30
Buildup
HiDk
4-2-4 Pgspgspg 0.16 0.26 043 0.67 0.95 1.26
Buildup
5-Layer Psgsp 0.62 0.85 1.27 2.00 2.99 4.13
(58 um)
5-Layer VIP Psgsp 044 | 0.62 0.97 1.51 2.23 3.03
(36 pm)
*6-Layer ps[gplsg 0.29 0.53 0.99 1.51 2.08 2.66
HiDk
(58 pm)
*6-Layer pslgplsg 0.23 0.43 0.80 1.21 1.67 2.13
HiDk
(36 pm)
*6-Layer | Xps[gplsgX | 022 | 040 | 0.75 1.14 1.56 | 2.00
HiDk/VIP
(36 pm)
*4-Layer s[gpls 0.23 0.44 0.87 1.30 1.75 2.20
HiDk
(58 pm)
*4-Layer s[gp]s 0.19 0.36 0.74 1.12 1.50 1.88
HiDk
(36 pm)
*4Layer Xs[gp]sX 0.18 | 035 | 0.69 1.04 1.40 1.76
HiDk/VIP
(36 pm)
Thin Film X[ep] 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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*8- Layer Xgsp[gp]gspX 0.25 0.46 0.81 1.25 1.75 2.26 HDk/VIP (36 m *24-2
ps[agp]l[gp]lsg 0.14 0.26 0.48 0.74 1.01 1.30 Buildup H Dk 4-2-4 Pgspgspg
0.16 0. 26w0.04819567 0.95 1.26 Buil dup 5-Layer Psgsp 0. 62PQTa8504262%6 2. 00
2.99 4.13 (58 m 5-Layer VIP Psgsp O 44 O 62 0.97 1.51 2.23 3.03 (36 gm

*6- Layer 2 Q.99 1 66 H m. *6-|ayer
ps[ gp] sg c%?%gﬁ% \918 3‘39?%%? 1'% 7 pf 1§°ns mﬁkon(lgév %8&98P“eﬁt@¥§%lfsgx
0. 22 0. 40n6ludés i tHednilnted of cOuctibddayers Hﬁo(séaﬁyef)s miattelupyoircofilagPgasls 0. 23 0. 44
0.87 1.30 1.75 28 H.Dk (58 m*4La @%s 0.19 0.36 0.74 1.12 1.50
1.88 Hi [ﬂésf(%ei‘yﬂt XYias 4% the ki Y5l ?{mb O_Lagde sorfgees1. 04 1.40 1.76 Hi Dk/VIP
(36_m Thin Fi |me>gegi§ha&rpgl-h%ki%f?rs%9 aQo§sQ Qtléli%tth ﬁl?o B{Ate%rtﬂfﬁ‘ fiighubstrate
In Table 1, the "Type" colum refers to Phterconnect nodul e

5 dielectric constant capacitor structure in accordance w1th the invention. Some

constructions are both VIP and HiDk constructions. The “Buildup” designation refers to
a construction in which layers are built about a 500 micron dielectric. In one case,
designated 2-4-2 Buildup HiDk, an HiDk capacitor structure is added to a conventional
buildup core. Each HiDk construction includes a “y-x-y” designation, where the x

10 indicates how many conductive layers form the HiDk capacitor structure 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 ground 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

-23-



construction tested. In the Type columm, the designation "X-layer," e.g.,
"7-layer" refers 5 to the nunber of alternating conductive |layers in the
i nt erconnwotosnodsd e. The -22 WO 03/ 019656 PCT/ US02/ 26756 pCuasnysé on
"VIP" refers to a "via-in-pad" construction in which the interconnect

nmodul e n f |ve laxens t e up on
cont act papk RSedrrhelfn s hml, GRRbEhCs OB AT e arPacr

sur f aces. 4 1iBaildep HiDk comsoructibrDbroducet gbBetample, a8 Rgibedimte 6N0.2H8kmb BERO poOr at es
a thin, %ﬁrtS di el ctrl ¢ constant capacitor structure in accordance with

the i nven%‘g ZSBH"Eac Ca¥5s thedeveigawedanse prmotes mgherdpesdRvikching: r uct i ons. The
- Bui Ldup? desi oAkl Oiwlof T86R 11 preSerfOBNbihAN ih Wl sl fNEH Tl DUl L

about a 500 micron dielectric n one case, ghat ed p Hi Dk
an HPDk capmeiranoic ssbstrate andecqminmﬂh\eiﬂhaoalmcﬁmmmnnn@mdescdhudlmm @ore. Each’

H Dk construction inclu es a ! i fi where the x 10 indicates
how many ‘SO FRIMGEOPASS l&%ﬂﬂ?\é ng “%égﬁg%PngPP"&é{lﬁFre core, and the
y indicates how nany addl tional conductive layers are forned on either
side of the H Dk core. Any thickngxX3edPIRB iparent heses indicate the

t hi cknesses of _the interveni n% dielectric layers that separate the
conducti ve | ayRasic methodesyiiableiipenanyfatenngintrscannaganedales with ¢rassTapl e 1, al |

of the C%gﬂrkgfslaggegcﬁ%g%ﬁe@fn g;sﬁg&fd% LF?%%m Nas 535‘4%17%? it 01 &t Lons

above, the ayer esignation In the urm 1 ndi'cat es
t hatlOt he mémtioped obmec {Theddlidveing axkenple dessriley aicpaeativel mstod forduct i v e

| ayers separ.at e 58- mcron dje ric layers. The "Cross-section”

col um i r?pdaﬁ (F)ip%ﬂﬂ?leﬁlaé’gtt?rﬁ%‘ﬂ&’ﬂ}“g Hihgonsanlapingle. €28 CARAEPT  si gnal |
and cont aghci@dad &:\é@ﬁb%d'vﬂtﬂ ﬁ?erérﬂk% eRnSecy amufo‘? 1nc]5ﬂ%r£*ﬁﬁf igagtion "s”

i ndi cates a signa "g" indicates a ground plare layer, "p" indicates

a power pn@mnnmymqu Xolanhlﬁ‘cealeésced psomr dntrﬂmdo(l Wthpdahesy €Fhis exathplgp]
i ndi cates,_a 18 f or me structure.

ot < ipPoRBE L SRRy SRR oSk P TEAGY 1R iRtoan s

furtber o%ﬁpéxdﬁﬂbhfeitﬂéf sidd dT attfigln8leRirRiconstint igeridl tRRRPIPPRSxibREY Jabl e 1,
with the exception of the 8- layer H Dk (58 mcron) construction, the Hi Dk

const r uctisFENgAR tekagps. y produces a power distribution i rrpedance that is
l'ess than or q'q%lt é9ap§9%rc§)éju {eei@forgieﬁo ”EE&| f?rutgs'?r?i{eggkﬁ%?leffrc&ql&qc' es

that are greater ‘than or eq ua roxi veén the
figure ofSdrenk AG; Nurerbatg, o}ermmt}l amqﬂowabeﬂllmvmgmthﬁieldnassejf 1Bink¥rop8anm cr on)

30 construction, for ower distribution i edance of
appr oxi rraatné‘Fi) terhperature otalm())L cent gra e ang an avé)rage surface rougEness (RMSSTE

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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0.48 ohnms at 1.0 gigahertz. Simlarly, the 8-layer H Dk/VIP construction
produces an inpedance of 0.46 ohnms at 1.0 gigahertz. Even the 6-1ayer Hi Dk
(58 m crowp o3oowssé ructi on produces an i npedance of 0.53 orea/En2/167686

gi gahertz. Notably, as the nunber of |ayers decreases, the inpedance

e A L A e By el IR PR 505 2070

gi gaher t zcomthécidlly 4vallaBléi frihl Cabbterfoaisice Waatk@4ls,[BARHE®E, Pdnalyleanddlpl e, an
i npedance of 0.26 ohns at i,gahertz. In each case, the | ower inpedance

5 at 1.0 : .

pronot es WIgHEE tradedesianationn Mgga h hadibegnyhipated man a 330 degreessent s an
enbodi ne i § i i3/ 1 te and
conbi ned %n{t‘%ayfé’gggg"%‘%f &g{erag g%dus:lg&lgfs%sacl??%gﬁgrgth%gélﬂpggfe?z e an

i nt eb conrmeaimercidlly evailable freel hedesRoss & Sorst Habypriauge) New ¥Fdek) edth EXAMPLE 1

Basi ¢ net hod ui,t abl e for facturing i nterconnect nogqules with cross
cect | ons BPTaEEEFBLaALEet A0 e ahEERT R e U ) PHcER 0&§»§.ba§}1@79, 787
and 6, 02Li5bde wasaddt@, thE ShdeAnad iRbONEd ton%Ofr&hlaﬂMﬁkgbﬁmaﬁatg%ﬁ“ bes a

representative nmethod for additionally producing a patterned hig
di el ect r i dispsowed feniwentyrminates in & centainer eoalsddn anice bathr toqirevest heatidg er i bed

octul ot OIS de P Lafor Fisah S uliiEhe Piob e o Bhpart iy FiRE """

i nvabves tblpoxswasds:45. am nated capacitor structure conprising

approximately 18 mcron 15 copper fgil on either side of a high dielectric
constant nat er b blgndavas alloxyed e, sit prdigniped ovemnighg ipsallow pogrindispsssed Fi rst, t he

capaci t oraggmrhgantgge @gg'?ﬁléfe%%@end%wn fh&iééed ! ! &&rﬁlyg{hin?égé &e@ om Carl

Schenk AG rmany, are provi aving at ness of 18
m crons, raesh fdteneaformentrst BHend. €Ttef wdight peeseht glidd of thedirstrblendevaage sur f ace

roughness_( RVS S nm. 20 Chem sorhed materi.als.are renoyed [n an
oxygen/ arrﬁé?ﬁ“‘ﬁ)ﬂé‘grgﬁ%ﬁ@gglﬂbe ‘5’1'_(5‘8?/?@86‘33%%1‘%‘? art ?’&Hmt%&fggéﬁtgkeé,waﬁost er
Gtys Calhéfuriat 539! Poth ncasireiaBms wetd Bad grabigithricilly. M nutes.  Particul ar
debris is renoved with a vacuunful trasonic web cl eaner comercially

avai | abl e frontheab8.$eqfaid? byweight sabatidnddEpoas) 1048 én MEKiel.8 glofan r ade

desi gnati "U .t racleanel.n 2 t. r Q 9 0Xy, €O rcially
avai | abl eéb]"a/? B%Wﬁgeh??d %nn?chaqon%Cgﬁ;gdﬂ)I/\&%ng8&?651@635%'?&8‘2%?@&? trade
desi gnat i D 6EAQA{nigthyl@@inomettiyd)pheo] WeadBltértd tHROUROKYS GRERR TiltePhddy

avai l abl e from Shell Chem y under the trade designation Epon(r)

1050 wer ehe addsfl f 434 &Oiéle%larlafbmggwmb@ﬁwconétb&mé- (bekiend s 3mdg
20 homogeneous 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 IPC

Test Method Manual, IPC-TM-650, test number 2.4.9 dated October 1988, published by
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of methyl isobutyl ketone (MBK), both of which are conmercially avail able
fromAl drich 30 Chem cal, M Iwaukee, Wsconsin. 0.8 g of dispersant, a
copol ynmerwofo3polégest er and pol yam ne, commercially avai | @kirasbz/zrsd Cl
Anerica, WI rri ngton, Del aware, under the trade designation "Hyperneer PS3"

Was addedthé ?e fgr)flrltg{cgnnec%n %Pg’c/ 9%"1%2 ??ecﬁgmgl’dfoc%ét% 66 gree;o E?gl of barium

titanate C es having ver age ons,

CONMMET Ci qiduyidsimah (G10) Ié/rri)h@dﬁl reqhied tE’eéﬂaﬁitéTﬂié(é@p}B&tf&ns e, cuBMeminitwas
Pennsyl vanla stggnder t he trade designation, "BT-8," which had been heated

in air atalsgsiestedipr capacitanasihydhe 101“6‘98 test tetheds, Aesre by ddaielssteadeyvassi ng a
Ross | aboeta{earontorerfeesﬁdeeamhftaiﬂlﬁart%égﬁg ;gﬂl&mnﬂxgﬂ g@t? lafid Ee; ﬁ‘l@ges Ross
Wt rot or e

& Sons, Hauppauge, New Yor tator runnl
revobut i gmecqderes e theecapaqitajce \@iﬂ:taeashtedcat 1 tkilehdrerising ant LER rmad:ta am$abfhﬁided :

th d 6 the b m 't te s dispersed
for tvontyomHiaL RS bilcalin SR BstReivine Bac cimbss 416 Mevent hoat t ng
the bl endeasiRR8 chpithhdentasd ﬂ?&ng\@ﬁhﬁﬁ{%gﬁhbg&cw ‘f‘@'(ﬂht the volune ratio

of bariumtitanate 10 to epoxy was 55:45. The blend was allowed to sit
undi st ur bed o¥¥hi aytheetof the teéwtlpg)oapaylt@rulglpmaseewdas Q) tt sreacspriing o thet t | e.

The Dl enddl ﬁﬁél& ({fﬂtlé fnrt%o%eét%%cf Ain gX mpclr ?’nSéétl%??%l’ﬁ %:}G Ey B? mesh filter

to forma percen end was

neadar ed railhﬁ&%saITGetliitﬁmuelmmnﬁﬁﬁsdemﬂ té@ﬁh@lh@gesa»ﬁer@ﬁrﬁnuma iHeastaingtel N t he
first blend was 15 ppasured at 53% both neasurenents were made

gravi met rlfsekaqlg}mclmEHiuC@ISzfogplaﬁwl&hq@%wlmm whighmavpbe Broughdelesyof1001 F
VEK, 0 and 5.4

L]nof a 5(]’2) §/(g(\}\lg%t8 t so lf%olt?%l’ll olfaﬂﬁgers‘g%gtrﬁg?%l ﬁ&?%é&rﬁcﬁ%ﬁgﬁﬁat‘%\ﬁﬁenol wer e

filtered usmgabgtooling hdlss a3 thealigfimeénteoinind t hen added to 236 g of the first

blend to form cond bl en The, b] end was de 20, ho

stirring or eéfatcﬁr(?gﬁ'l H%'°§8H]Peiqﬂlésrm B ‘a&maéfﬁwés PICO??F‘il W‘tWRennﬁﬁg 19%I s).

Fi nak SO'lhélﬁWfdé%@eres‘th WiRr BREANHE the @ﬂ!ésé’lﬁﬁt&@s%tq}’od{‘@ie%kes offte Second

bl end was deaerated using an ultrasonic bath for five mnutes. The second
bl end wadamépts; theathptasesasteaatal tavling hples wigremigrced.c bhers theRrafaam® 7 Hnr oom)

2 25 gr dra ] flhe BMThaP s VR BRRRR Rt pElo! SR} olh M RS Sl 1< here

chosen t cexpbstge enedgy. le)lﬂfdtcngsﬁthvaskhkﬁﬁ(fevelbpédm a b&lidm2afbosste Rlutidine
coating was dried at, 95 degrees_centi grade and then wound onto a core to

form a rdind stapfardisgiings. cHaene Bigrclsgranspiperthe enppsr fpilp avepneiphadatithnensig
togepher, chidtidd s6heiBh aA®Mandard 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 aminopropy! silane.
After formation, the capacitor laminate was processed within an interconnect
module package as if it were a patterned copper sheet. In particular, the capacitor
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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coating side to coating side using a |lam nator commercially available from
Western 30 Magnum El Segundo, California, wth 150 centigrade rollers at
15 i ncheswoiosi®ws¢ 0. 64 cm sec) speed, and an air pressurecCrwsvhiz7sol | ers
at 20 psi (140 kPa). The lam nate was cured in air at 180 degrees

centigra Laht.y mnutes., The cured | am nate.was,.test usji ng the 90

dogr e, paset Flafbdd oot miench B idaier cobfedl kiRt A Pttt 50, ¢ st
nunber 2.d4rnudtugat ed Oct ober 1988, published by -25 WD 03/019656

PCT/ US02/ 26756 the Institute for Interconnecting and Packagi ng El ectronic

Gircuits. A foPwagpmipationdelgefsicmaserial Gom the ayliaoent layersflovesd inte avdpar at e

t he copp i ) . e -for . I ce by
the ol | oy SepiitS SRR MRS ithed Beh s He i i ARBSWATS one
si deSof trhadd afranmaganiuRTFIEbated makaerial p Blind bhind bodgdagihs werforne®ippeke et chi ng 5
procedures, and the capacitance . mea .gged at 1 kilohertz using an LCR
net er ava‘meé‘fﬂnﬁe“f’?%lﬁ’el-éwté’ﬁb 48 @' AIpsTg! Hpess, ot ese &FWH&?WH%V! ng nodel
nunber  42@krdnnddidns BRAE SchisAPAK dnAPReVRR Srolfid FaBesV TR asdiGei Pati on

factor of 0.004. Next, a sheet of the resultihg capacitor |amnate was cut
to size abrdlsdaising atlaser fullingjtepbnijueonin particiHar, a iNdeY AGrmdssd lased wlag nsedrat

exenpl ary..si i 1 ldipeters b 310 mllinmeters. .The lam nate _was

trinmred aeﬁ%e%%giﬂlﬁﬁdgg}h@lret% hf’IV\I/.emroé1 1519 Rrarer ﬁnflﬁ]@vfoal%ﬁ’ﬁ%e@t e ﬁagﬁmp?fﬁ;gﬁ

Fi duoi al snrh,ais desveibed it Uy ParhyNal 5,8797887., whi ch may be t hrough hol es of

approximately 300 mcrons in djianmeter, were then |ased into the punched
| ani nat e sheetT0 ipgreppne¢tconduntive dayees e bhigd apd banigdgvripeverepdated in stapgsh of

the two ki Se 4 . - A o] | 5 15.75
151 nen vy e Spetelrds it RS oyl S s Moo PR
edges of foHewed bytleetrayti¢ pletiphtot defins ceiducted paihd thedughghdlahgsatsyver e pi er ced.
Then, the.Profornm(r) 7700 rinter with auto aligpnent wa sed to i mage
t he phot 3@0&0%% ﬁ%ﬁ‘%ﬁ)fw ‘?‘B?rlo ng‘l‘Ct’é’f" 8€§r"(‘ﬂereé’§$gg%r'ém%gﬁ‘§ffﬁf’éjThe phot or esi st
vas 15hen gavaiineshhisieBithiques 96l FdHR A LHRRA RIS OTHE doffict R v%&% g

settings. Then, the clearances in the copper foils were etc with cupric
20 chl or i ekeldp genneatiensdnd pamgsgrpusé plana genneThensp ipoorassindtly whthest ri pped

wi th pot i roxi de, usin tandard.settings, except that th tripper
pr easur o Dieadhe-R R . PRy Bo SRBRRE FOF it 6RO e dihaRe] be
advi sabl eottle apatthcHanEaR HyoreAoWingfantdiRy @ Bela&halld b HIRCIHip fo boiM&Rem Ih€
exposed copper surfaces of the lamnate were treated to increase adhesion

in 25 t fOTSHRadimgsantacrads en theship attach suifens. andsths respltantstracturedhement s f or
pr oppt i ”%l§ééﬁfo@€ﬁ1 Pﬁ@ﬁﬁis&'a?li 06l dadBediiopwn or bl ack oxide, Co-Brag Bond
pp an

treat nent, or a lcation o

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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adhesi on pronoter such as am nopropyl silane. After formation, the
capacitor |am nate was processed within an interconnect nodul e package as
if it werwoaspwisser ned copper sheet. In particular, the capaaistnz675830

| am nat e was added vvithi n the cent er of other copper and dielectric |ayers

in an al ternat ress that |l.am nat e
force. The copI?)eYq hic ayeesrq'esS (?fnvxg‘r gl&fc &% rciln%%ﬂﬁ I@ﬁppﬁoélw%@flggsd F%ﬁgﬁcr\%?‘e in a
b-stage whigrcoptigessasdiial ﬁo%itb&k-fraé surtdee, anHQhErﬂ@&ﬁr@lﬁnW 10l1€STwoYbIR Wég a
unitary, nulti-layered structure having a H Dk capacitor structure core

wi th out dpmifaiadeeeatsdsidnby Bigpdtingitve healgdnip rowmsr Apftendaghphoseresisls nmay be
- 26 WO 03, 0#36n Qv RGlEISPg, 1%91?15a‘§eqbﬂld N?a fat oa@&%&&hﬁ%&a@f&ﬁ
circuit layer counts or various blin urre via structures

| am fat i an,2.dh@irecThd mrerhpmeimeré rpaummdfteoraohmmth $idgsarsingf doaveadionalt 0 and

filled t n t ween the terned conductrve | ayers. The dielectric
| ayers \/\e@@?&%mﬁﬁgaegﬁaﬁﬁo&o&&ﬁ? QI%P‘FSEP gMresi . Blind and buried
vias were fornmed in the interconnect nDduIe structure by drilling at
different stages of assenbly to pr gwAMPLENt er connecti ons between cont act

pads and power and ground pl anes. The vias were drilled using a |aser
drilling techryanothargxgapleiof thespbricating ovacnsaiterstrucsesuitabls fosess int

ei t her t t [ u et be m at

ci ther 2ah Raefindl sl iic,  MBERRA & o SBESHHEREIMLA NS SpBSIN S, 1
i nt eoconrmaalmnmomoemayehﬂss belvav Wh cvdtednshtda copgdr Yoinl wer e plated in
stages wth a conductive material using known plating techni ques such as

el ectroless plating followed by ele tgol ytic plating to define conductive
pat hs through the |am nate. Foll ow ting, the outer conductive |ayers

were pattf [ Ng_standard 15 photor T Thograpim € Ve
cont act oS, Tl  COTTt —rads—were—uased—to rrecke—t+ \2 cofrett
power/ gro : srnecti-ons—Upon—assenbly—ofthe 02:* ergo
i ncl udi ng _ﬁpﬁ)’i Hi Dk capacitor structure_ 3 rsﬁq)n WA
chip atta -shlorgyd-arinorhanyly fluering r ay of sol der |Bhl s on

bond t he Ba:rlumEItaMQMmmom(ﬁab@tPelﬁad&antwakshl g 10t ach |sldof ace, |and
t he resul |t BS& payestaipotyantifecopdbnpdr dispersat€UniqueMB) f qr1.$ol der| &l |
connect i onMethiZXANMPOEtchel MetBiqbdrityl R¥RAP(H6) Capaci t or| hr uct yrgzwas T or med

with a di SpepshgRifehiamtidnehyl)ghengPoVve-T eferenced | 5 ap 'd.&zﬁs.targ serial

no. 09/ 902802 —tm partrcutar, o orsperstomras —+rndrecated—b ble 2

was coat e"CBtahﬂirﬂ famabppredsifginly 2)66-06(dmgh@xtihemethylJihendt 0akl A gs the curing
agent

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

15 The above dispersions were coated using a gravure or die coating technique.
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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25 technique. Table 2 Conponent Granms Epon(r) 1001 F epoxy + Epon(r) 1050
epoxy 16.0 9, 9-bi s(3-chl oro-4-am nophenyl) fluorine 4.0 Barium Titanate,
0.2 m cr oNo(0®abyose Per f or mance Materials) 78.7 PS3 pol yestrer/ysot/yasi ne
copol ymer dispersant (Uniquema) 1.3 5-am nobenzotriazole 0.88 -27 WO
03/ 019656 PCT/ US02/ 26756 Dry thi cm the dielectric ranged from
approximately 2.0 to 5.0 m crons. g was dried to a tack-free

surface, and tlnenothetiexhmipk,anothbd &speTM@n a9ddsriverif abbariefitdd (Loat ed si de
by side, usi nq t wo heat ed A standard photoresi st |am nator
1

was used.aPpHed %ﬁFH@tr@dO?fQP%SQ%W%%bI%%P@‘GWa‘b’asl%teé@QF%@RPéhfoﬂlgr ade for
1.5 5to 2.5 hours. The cured panels were patterned on one or both sides
using conventional photoresist and gighant to produce individual capacitor
structures, EXAMPLE 3 As another exanple of the fabrication of a capacitor

structure @ol'npmimhe for use in an interconnect rmduIJEGrafnsﬂi BamsdN {S
descri be @ QA F-LESSD 650 &pory application 10 qeii@l 16¢ 302

gld Tab:Ee ,9_ %(?\ﬁh _4%5&&9% gugmgeopper IoLln. nla |4;’0'51_C‘,g| et anmsa
9 gfnts)i s(S#'lldeequM[enﬁ d&?&cegﬁlvﬁlefi ‘agl?’.:..z”f," P ;'AUH:[A "'df ;r:fgl 0—2{ m cron
(,Cabot Pel P VA Litanaig g’ﬁuﬁrg (Gabet Bepformance M@F%@E{er 77r§ yani cgjrnnnl nmer

di sper sankP$3 palygstespplypmine;capolymer dispersentyUniguiemak eyl i ddbbit y| kit one
(4:6) 127] S-aminopenzogriazolesatilysst hyl ani nonet hyl ) phenol| 0025 0.[d25 or 0
St andar d [f Initial Catd Bempesatore (degrges2CH, 6- tri s( di met hyl gniishonet hy2fpheno
cat al yst |padlidsipnaifier ihitial @ge(potnds por @icky 3- met hyl - 4- dmj.pophenyd g fTuor g¢ne was
al so_used| AdiesiDARRPEY BolisTP 205 HESsE[RuR@AE Ty |D.¢ 0T Ay ¢ or dle

coatikng t €CAMIQUE. _ AQNEST O pronoti Mg agents may e coated onto tie
substrate pri thlg Oxand) é Icc?rgparXs {wo 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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epoxy. Typically, a dilute solution, e.g., 0.05 to 0.15% by weight in an

al cohol such as nethanol, is applied by standard coating techni ques and

t he substwatentwsed. Dry thicknesses of the dielectric racgadoizaase
approximately 2.0 to 5.0 microns. The coating 20 was dried to a tack-free
surface, apdpiRen wound into rolls. Two rolls were subsequently |an nated,
coat ed si%e—éy—'si de, using two heated nip rollers in a standard photoresi st
| am nator. The | am nated material was cured at 180 degrees centigrade for

approxi mately 1two Rputercod(tRt MeiSE cOAPALiiger e then patterned on one or
bot h sides using conventional photoresist and etchant to produce

i ndi vi dual capaehip ettach supfgcapiodnfigcantacpidsgordtpement texXalmegaed| n
anot her e r{rxﬂlcﬁi .anot her di spersion as described in above-referenced U. S.
application S&TPal no. 09/ 902, 302 and Tabl e 3 bel ow was coated onto a

coppsr foil. Jbdré attachaiFacedufin{HgEbenddoatmt pAde Iy dtdachAeh: tharifte@n(r) 1050
epoxy 16.0,16.8 9,9-bis(3-chloro-4-amno hen|) fluorine 4.0 3.2 Am ne

equi val entI8i8degrdqui val ent ratio 1:1 0.6:1 Barium Titanate, 0.2 micron

(Cabot Perfor aci tsﬁrpg‘tﬁlie.s%avﬂ%_ a7ﬁ%§cc%1dugt)§% lQ}QJr,y EF%E:@%{ %ﬁ{sﬁé?tm&rlgggg pol ymer

di spersant (Uni quenma am nobenzotriazo
I nitial Cudea flishgieleatrigrayet dagreddstviden HBOf12Pnd shdhreldonduaiviedayerrd) mthesdin cur e

(pounds per dnch),4.4 3.4 Adhesion after six hqurs_at 225 degrees C
(bounds pBF G ERfaustite liver, SomirarCebatin B Bl aadis ot dafsaeiedener gt uct ur es
wi t hot he paiRtdPoeoméchndl s, but  wth changes in the ratio of fluorene

conpound to epoxy, presence of a catalyst, and the initial cure
t enper at ure. Teadagivigdathssipemed onibe inerconnsat mdduledhitdnterranaett aplurality

Exanpl es . V. icknesses of the dielectric ranged from
appr oxi ma éﬁ%ﬂﬁsgﬁm%\([s%t&%s%thé %Sg?%nr@fm‘(?alﬂ'%tjs enbodi nents of the invention

have been descwhdrem thd figss oratid palld) e coadin@iart Rk Sandlthe Wiphditd? stri@ugcope of
the follow ng clains. For exanple, the enbodinments of the invention
descr i bedPREYsSi aromBmgimpsdance of iesnilian ot il {9 anpravigatsty 0.60ehmadia i onal

SUrYgt ur e ofucREPSERERS HES6f dRE ol BploindtQly 1 Wihdt,S- Patents, the entire

2. The interconnect module of claim 1, further comprising additional
conductive layers and additional dielectric layers:

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

20 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

25 attach surface.

3. The interconnect module of claim 2, wherein said additional dielectric
layers are formed from an expanded polytetrafluoroethylene matrix containing a mixed
Cyanate ester-epoxy adhesive and inorganic filler, and the layers of the interconnect

module are laminated together to form a laminated package.

30 4. The interconnect module of claim 1, wherein the conductive paths are

coupled to vias that interconnect a plurality of the first contact pads with a corresponding
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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, 974yvou3Bi196Rat ent No. 5,836,063, U. S. Patent No. 5, PBT/USM7267k6 S.
Patent No. 5,841,075, U S Patent No. 5,868,950, U S. Patent No.

5, 888, 63 : P uU. S.
Patent NP A i aPsceond Obhaideye ery 1/ BiBBbee 1B weP M P RG,

6, 127, 250conduive Patee atd Ngroudd pbtetdd, fddd thede&@ndRahédudtivbitayei, 183, 592, U. S.
Patent No. 6,203,891, and U S. Patent No. 6,248,959. -29 WD 03/ 019656

PCT/ US02/ 26756 CLAIMS: 1. An interconnect nodul e conprising: a chip attach
surface definihg fiThaintesonaest mosyle gfslaimt b, avheraimthetfostandisecosdr at ed

circuit chin; S h Dl E cond cont act ds for

att achmerprpacRe T ROELE B L] RE RS AR SRER Sof A BTS2 1 st
conddct i vaterigleformal erestdeddt ometithe coppet foyler, and a first dielectric layer
formed between the first and second conductive |ayers, wherein the first
conductive |ayer, the second conductive layer, and the first dielectric

| ayer are 10 |@mn nafhkedntesgpaness modatecofetaiafc wheesipthekigledtoe metériah t he

i nt erconng dul hat {nterc ect a plurality of the first contact
pads to t Ogﬁﬂrggss#lespg% lﬁ%sllll})gd? avqﬁalegﬁ%g}ce‘%ﬁmflﬁse first contact pads, the
conductive paths, and the capacitor structure produce a conbined inpedance

of | ess than o7 equRle ihRrRREHIRIINI A wefin B dRelodhrie bAgEENCY Of

greater than or equal to approximately 1.0 gigahertz. 2. The Interconnect
modul e ofinglud¢ harium fitanategarticbashaiiogny ascrdge poticlk size ofidpmoxivetdla9lr s and
addilbi onal icdi electric layers: a second dielectric layer forned between the
first condiittPve | ayer and the chip attach surface; 20 a third conductive
| ayer forned between the second dielectric |ayer and the chip attach

surface; a thigd di Blegltdonnt@¥idulTRAMDEIMERT, LR T BROABGABAYRL Ve

| ayer and the board attach surface; conductiv ayer forned
bet ween tdreavetige durfficelreeghniess dfapproxamately Bernh oandide2batatdeeh tixloohtne .

9. The interconnect module of claim 6, wherein the epoxy resin is cured upon
lamination of the first conductive layer, the second conductive layer, and the dielectric

15 layer.

10.  The interconnect module of claim 6, wherein the dielectric particles are
selected from the group consisting of barium titanate, barium strontium titanate, titanium

oxide, and lead zirconium titanate.

11.  The interconnect module of claim 1, wherein the first dielectric layer has a
20 thickness of less than or equal to approximately 8 microns, and a dielectric constant of at

least about 12.

12. The interconnect module of claim 5, wherein each of the copper foils has a

thickness no greater than about 12 microns.

13. The interconnect module of claim 1, wherein the capacitor structure has a
25 thickness of less than or equal to approximately 32 microns, and a dielectric constant of at

least about 12.
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3. The interconnect nodule of claim2, wherein said additional dielectric

| ayers are formed from an expanded pol ytetrafl uoroethyl ene matri x

cont ai ni ngoa3nigeel cyanate ester-epoxy adhesive and i nor gamiusoi/zd7ber, and
the |l ayers of the interconnect nodule are |am nated together to forma

| am nat ed packgge. . ' (0] C f £ al erein the
conductive paths aré‘g lgtgﬂc-épgec#tg-g)%\{}ﬁfsqgfaﬁ%tl?%%?%ﬁlc@lﬁﬁglgtaa Ittg%%fuﬁrag?i ty of the
first condefiats poatgayvdfitie firscoomntas padictd Mehich id0ividilaD @t Bab Gometli b#SA/tRE 756
plurality of the first. and seconéi conductive layers to distribute power
from t he iptegeted QirsHi GRiP e comgetedand a ground potential from the second

conductive layer. 5. The interconnect nodule of claim1, wherein the first
and second c¢ uctj,ve ers.a opper foi ks, .and the f.irst,dielectric
layer is a coa%i('jng t)ﬁe lﬁéergcl%gg?crt P{CO%u% o%ﬁféérpizalw Flg}n?r%lﬁ 08%&5{”? Rafby m81’r‘§eof t he

coppér f ajohductive vid3ehdt Mitercomvaes plurlidybethe ffirglcahtartpadyhethahdthirge di el ectric
material cqnprises an epoxy resin. loaded with dielectric Earti cles. 7. The

i nt er conrf@BEUGHYE @Yér’&te@i‘)&i‘qﬁ _BPI‘WHEV ef ﬂletsﬁ‘éméicém:éé"qué _Wr%‘rt ¢ fougth ncl ude
par i um Ui dABRLR e RgYeh il SRelBdiBud iRl SPGB Eli% & Of approxi mately

0.2 10 mcrons. e I nterconnect no alm wherein each of the
copper foils has an average surface roughness of approximtely 8 nmon a

side that receioves THan@Rdhhe® mcAule TRl EeRALGE HRABhGucEVe Hydi 13126,
wherein the epoxy resin is cured upon |amnation of the first cConductive

| ayer, tHOVSELIEH thoosaend sopdustivpdayer igrigroned lyen ard the ¢hindandsfpurth 10. The
i nt %C()nrb%ﬁﬁuémglﬁﬁrsque Qi%ﬂélqb s Wherein the dielectric particles are
f the “group

sel ected from onsi'sting of bariumtitanate, barium strontium
titanate, titanium oxide, and lead zirconiumtitanate. 11. The

i nterconnect nprul eTRfinel@dhidct moMiR dFichihie fifriHeptofpliget ric I ayer has a
20 thickness of less than or equal to approximately 8 m crons, and a

di el ectric corisfitghyiaég inggreonnggtsane oy mere abthe fipst coptacti padewithtirectbirdnodul e of

claimb5, [ e . f the copper foils has a thickness no greater than
about 12 C%ﬂg?cgfr@.la%ggnghe i nterconnect nodule of claim1l, wherein the

capaci tor str ucdedoml Viaso mterdmnebt th thixdcoddudti®s tayehatth Ge RGt@ndt&ive
apprlgxi nBl%}?elr}/ wl:%ezreirrrlitﬁé gerégr’ld %ra]lcils gffgeit %Jo?nct%g iﬁ(r:st(\:l?ar,lst ant of ‘at least about 12.
wherein the interconnect module defines an electrical signal path having a first
portion in said third conductive layer routed in a direction toward the first conductive via,
and a second portion in said first conductive layer routed in a direction toward the second
conductive via,
20 wherein said location of said second conductive via permits a mutual inductance

formed by the first portion of the electrical signal path with the second portion of the

electrical signal path to cancel a mutual inductance formed by the second portion of the

electrical signal path with the first portion of the electrical signal path.

18.  The interconnect module of claim 2, comprising further additional
25  conductive layers and additional dielectric layers wherein the additional dielectric layers
are made of the same material, and have approximately the same thickness and the same
thickness tolerance, and all of the layers are laminated to another to form the interconnect

module.
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-31 WD 03/019656 PCT/ US02/ 26756 14. The interconnect nodule of claima1,
wherein the chip attach surface defines an array of the first contact pads
to whi ch wodBmvisdsial sol der ball connections of the integparagon2arsalit chip
are connected. 15. The interconnect nodule of claim?2, wherein the
conductive pat i ngl ud 5 conduct i ve vi that.interconnect. a, plurality
of the fi rslto cf?ht ac eﬁ%%ECO\W? H{Qﬁgfet%ﬁ%ma@owgﬁrﬂq @8% %ﬁgrr“?ucﬁlﬁ? gofinect " a
pl ural i t ya pdwdrhsyesabondosdedmiuttieadgers 4 Brduhe 1dyet) ahd thecfafbétciddMpnkiayer, and
i nterconnect the third and fourth conductive |ayers. 16. The interconnect

modul e ofcoRfugtivedayepiaie sighaltlpvers.i r st conductive layer is a power |ayer,
the second conductive layer is a ground |layer, and the third and fourth 10

conductive |l ayers e .sjignal |ayers. ._The interconnect dul e.of claim
2, further confpri siaﬁg:m%_&roi"?%c[tné%gfet?ﬁ’&?e]r%]ﬁﬁ&{he&ﬁ%acgpr %‘l’c_ﬁ"‘&fsa{ he first
cont gct pr@scaphditorshigctinel thel inteRbAMECt mbBule Fy@ier caRMPriingecond via to

i nterconnect the third conductive layer with the first conductive 15

| ayer, wher ei @ $eRendseapagitpr giractize havingarthird epndustive layen a fouath eanéwative t he
I nter Conﬁg%ral : e??rgf(iigl%%icque? hﬁ-g'n H'b%f%\l/eeﬁ gl%nt?ilrd RAY Pomvéoﬂgucﬁivp rst

portion in’'s ctive yer rou na direction toward the
first condyat;iand via, and a second portion in said first conductive |ayer

routed in a dir rd the second g%rrlducti ve via, 20 wherein said

ction to
| ocation of saft @“r_gé’é‘g?ﬂ‘% Meform t_"'iﬂ"ﬁe‘b‘_é‘ T gnd SeRANA SFPACHIFTATES: f or med
by tipe figRdreinQnd ésHAuOvelgathsGhRFohh&Rb phirflGlor Hﬁtsgcdﬂdtcjan{abfepaﬁs ¢ofd portion

of the electrical signal path to cancel a futual Inductance fornmed by the
second polonitbpomfuctivelayert ectri cal signal path with the first portion of the
el ectrical signal path. 18. The interconnect nodule of claim2, conprising

further additignal 25 conductive |ayers and additional dielectric |ayers
wherein the additi oh mmm%m@ﬁa%ﬂw 28 whessieeagh of Hie fyairand sagand; al |

and have i j ! e
tol er ancec?}plg% %Séeﬁéhﬁl#a)éta E@%@ﬁg&%ﬁr%&?gﬁ ug{]tgcftpp I(;%xanot ﬁegtrlg%cg&{gb%%% he
i nt er conndiclectricwdnstant of 3JeddOaldBt 029656 PCT/ US02/ 26756 19. The i nt er connect

nodul e of claim 18, wherein the first conductive |layer is a power |ayer,

t he second conductive layer is a ground |ayer, and the further additional
15 22.  The intetconnect module of claim I, wherein the capacitor structure is pre-

tested for satisfactory electrical operation prior to incorporation in the interconnect

module.

23.  The interconnect module of claim 1, further comprising:
a semiconductor chip of the type having a plurality of individual solder ball
20 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,

25 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 75pm and an aspect ratio of
between 3:1 and 25:1, and

wherein the contact pads of the interconnect module are connected to the

individual solder ball connections of said semiconductor chip.
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conductive layers are signal layers. 20. The interconnect nodule of claim
1, wherein the capacitor structure is a 5" first capacitor structure, the
i nt er conneoto3ndsd e further conprising: a second capacit oPCStusom2arse havi ng
a third conductive |layer, a fourth conductive |I|ayer, and a second

dielectric |aygr fOﬁﬁﬁg?gﬁ%xgiﬁmhﬂﬁ<%2%&§gﬁﬁﬂﬂ%9?5th'CO”dUCtiVe | ayers;

and a third dielectric l"ayer torne " PRY"Md second capaci tor

structures, I imegraaidrtifch chiprifowitéd/en Maichip attattesie e of theanteicohmdct ty of
t he second ntaat pads to the fourth conductive layer. 21. The
i nt er condBeWeF8Al e of claim20, wherein each of the first and second

dielectric | ayakenfian A 1L GHIREROLlifHAg HIRRcoBhURhl st faRpLPx Mt el y 8

mcrons, and a dielectric constant of at°| east about The
i nt ef conrexpanshwy whereof ond & spidireginhehasi axoeffecianm phthietmal expansidnithat i s pre-

tested for,satisfactqry electrical..operation prior.to jncorporation.in the
|t er conreBTAN R avahe 8 iyRlahe FRInORe Mermalipansi el BF MG PL PR}

conpr i si Ngip, and VheRANGESBEr SYaRl rehiohdRastayRR LAt BY ttRrRAIWxBhdstoh Bt

i ndi vi dual 'sol der ball 20 connections on a nounting surface thereof, and

wher ei n ubstantially gaschiea gn implase ¢anfisienttpf theamilexprusioroéf sashister¢conpedtayer s of
the interconnect nodule, at |east one dielectric |ayer and at | east one
conductive | ayer, l.east one |amna conprising i,electric layer being
fornmed at I_eagt%'i n_a%ﬁr”_flteﬁoai’ﬁa H%ﬂdyglé)t cm {4 2% tgﬁgdﬁ%ﬁ‘?%"f& ‘§Eé’slé'd
thengi n afateRA dEPRLE ihialrh@fix WRk&dl ﬁ&vir&é%l@ﬁkﬂ)ﬁé Speding #AThrRGRoMipRis€Xd €nds
through said at [east one lamna, said via having an entrance aperture in
t he conduuefoun hauipgat lshstiters shicknessezsmdandnsert fitedento saidtat teastfonelvpemimgn 3: 1

and 25:1, an erein the caontact ,pads. t.he interconnect nodule are
connect ed” ?ecr)glf’ \r{\\% m?erllﬂlls\?il Gaa aggqo&ggnaggrq?%\gﬂ%ggﬂ{fe&ﬁrg °8?@b"1nﬁl°€t§ﬁ‘i"%"3nduct or
chip. -3%xpéasisdl 019656 PCT/ US02/ 26756 24. The interconnect nodule of claim
1, further conprising: an integrated circuit chip nmounted on the chip

attach surface of the interconnect nodule; and a lid having at |east two
regi ons exhi bid6. ng Tiefifiteraontect owidfileaif ekt 24 whéreimntht lid 3s eonpactsbler thaher ei n

one,s s Ahferdondec? rr]nsodtqf%%hr%u(g:ﬁ gfcforlls Il‘alenrllltlg rcfglg,tarrl I;Nrﬁ%leir? .2:1< &%ﬁa (r)engicgnho the lid
has a coefficient of thermal expansion that substantially matches an in plane coefficient of

thermal expansion of the constraining ring.

217. The interconnect module of claim 26, wherein the matrix material is

silicon carbide and the metallic material is aluminum.

20 28.  The interconnect module of claim 1, further comprising a plurality of
additional dielectric and conductive layers arranged in alternatingly disposed, vertically
stacked dielectric and conductive layers about a plane of symmetry passing through the
capacitor structure,

wherein the additional dielectric layers include second and third dielectric layers

25 disposed respectively on opposite sides of the capacitor structure, and the second and
third dielectric layers are made of the same material, and have approximately the same
thickness and the same thickness tolerance,

wherein outer-most layers of the stack are conductive layers having substantially
‘the same thickness, and the thickness of the outer-most conductive layers are thicker than

30 any other conductive layers,
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substantially matches an in plane coefficient of thermal expansion of the
integrated circuit chip, and wherein said other of said regions has a
coeffici emboehidsher mal expansi on that substantially matclres/mmm/2a15@] ane
coefficient of thermal expansion of said interconnect. 25. The

i nt erconnect dul.e of cl.aim 24, erein.the |lid is made of a netallic 10
material di spg@éeaelpﬁpéurﬁ}ét?rq?ﬁalarﬁpmoﬁﬁ ﬁe&?ﬁqﬁﬁlaﬁrslh@ﬁ?gﬁg Iyt ng and
further cpsdilisRRtide tdaf Ohep dlaéetag 1afers, @hsteid y&i’d&lﬂi&ﬂﬁﬁ@ﬁé‘a@tﬁdie&@ﬂican i nsert
fitted into said at | east one opening, wherein the insert is nade of a
second ndfears bavingsaic bigherlgstie madulus ges arranged puigvardlyeliromsaiddwpzeniplon. 26.
The inter I J: ; i [R7e B to the
15 inter 8%%%252% qu%gr&élee%%frvg3%%1@%%%1%2#%1%9&?%&5lﬂgaélrtll%ﬁ er elgéloq@ugecond
regi 6n ofoftshid lamhated aabsiracoie kiibstanginlly afaxinhieedral expansi on t hat
substantially matches an in plane coefficient of thermal expansion of the
constraining ring. 27. The interconnect nodule of claim 26, wherein the
matri x materi &9-i s Theiinterconnesameidale ofethimt3e fyrthearomprisiag afrlpast ons al uni num
20 28. Theyi r nect lul | ai.my .. further.c rd Siin lurality
of ~add LG SORRRRRE RS a8 aBleaft o Mol e CRTR PO P it T g 3
di sposed,condiidtive dyley, thedialekeid 1ayee haevdhg b glaas dansiichitenpeaniralepfeap i a

pl ane of symmetry passing_through the capacitor structure, wherein the

addi t i onaa(%aﬁieawtlmpf@cwa?@cgenr_ therral sxpapsiengRPPId | (r.andiviiesde pdtheayer s 25
di spgsed fASRAE I ¥EEI%nR M?fe}igl lﬁwﬂgsan%gggﬁ ?ﬁ‘]ﬁf"ﬁl'a{eﬁﬁl;%ﬁ H%fny e, and the
di el %I’IC ayers are nma oft |,

second and thi ra’ 1 el ec e sane materl and have

appr oxi nedledtycalyattagched to theichknatmsh amfhcehe sane t hi ckness tol erance, wherein
outer-nost |ayers of the stack are conductive |ayers having substantially
the sane thickness, and the thickness of the outer-nost conductive |ayers
are thicker thh 3thedpipreonpest modnlenfclajm 29aybersin thgat lagst9s¢ cammlsEve

PCT! USO02/12604 300 URIEA or RUUAAL 1k BE b3 (B8ihdr QR ol GlRALS P yleayer s
have a higher elastic nodulus relative to sard other dielectric Iayers,
wher ei n gesutiyy lamahated/subbtrataisthetivedneabbut 25 micagrasramd abyutrt§ 0swicebnbi gher

el astic nodulus are arranged outwardly, from said horizontal plane of

symetry, relative to said other dielectric layers such that the flexural
nmoddfus’ 5 of Hai d Thenntesaonnes mesluleafslaing 30uwberein thepdditinpalididlectdic 29. The

. ' . ' el i qdi b |
conduct | VB 145 S BBy cols Wb S perB Rt 0F Blee B8 B hed 1o
t he resins, liquid crystal polymers and fluoropolymers.

32.  The interconnect module of claim 1, further comprising at least one via

extending through at least an outermost dielectric layer of the interconnect module, each

20 via having an entrance aperture and each respective entrance aperture having an entrance
width no greater than about 75 um, wherein at least one via is a through-via having an

aspect ratio at least about 10:1 and an exit with a variance in width of about 10 pm®.

33.  The interconnect module of claim 32, wherein the outermost dielectric
layer is a high-temperature organic dielectric substrate material selected from the group
25 consisting of polyimides, epoxy resins, polytetrafluoroethylene, and liquid crystal

polymer adhesive bonded to the interconnect module.

34. The interconnect module of claim 32, wherein at least one via is a blind

via having an aspect ratio equal to or greater than 1:1.
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conductive layer, the dielectric layer having a glass transition
tenperature Tg greater than 200C. a volunetric coefficient of thernal
expansi orw@33ppebC, and wherein and the 10 dielectric | ayecTitsoam7sd gani c
material having an inorganic filler material; and a chip electrically

attached to t chi p_at,t urface.. 30. The interconnect nodul.e of claim
20 “wherei n t ot BRI AR infaonnel] apdtf BB GDd Fal o

di el ectric | aygbviding dlendetd Qgaditde strs@ure hating A€irt o 8Reis 18%kr, tahecond
resulting | am pated substrate i s between about 25 m crons and about 750

m crons. cpgductivetaysr.iand ardiclenide layabiommed betweemihim e andiseqoar sordustizeldi t i onal
di el ectrijguerl Qﬁc?fan{i&téfailnﬁ%ﬁrﬁtafrf%&tpg- group consi sting of polyimdes,

pol yi m de T nat es, epoxy resins, Trguid crystal polynmers and

f 1 uobopol yner sforrdidg alhé attick sudaveelefiniig dirsteonfactqads forhttachmdnsef aiconpri si ng

at | east ,0ne elﬁﬁ ext?gndi 2}9 i hro%%h at Jél?ast n_out er q}%St diel ectric |ayer
of the i nPERERTHAELILTBEUP E1e BIEFPINSE MIWIHoRA HEF! Si° ShP4ARIGpERICHE and
each respecti VR aRaR ARER &m&e?a@ﬂmag s@d%ﬁe%ﬁt%&%ﬁd%&taﬂa&&&ft GAfher than

about 75 m wherein at least one via is a through-via having an aspect
ratio at intaeonnedioundulegon paimtedawiriagiboandi an second sidnofthe napacdertstottuaout 10

nm2. 33. . The_ jniergonnect dul e l.ai 2 er ej he out er nost
dielectric |ayer? 1|tm tgle R 8#‘5‘?’3&%&5? 6@% c?hbéé%’ 31&# B’ieé’ogﬁibagﬁa&ét e
mat @0i al sefatctoefdrh fRthich@ngé@uibduld agdnsi sti ng of pol yi m des, epoxy

resins, polytetrafluoroethylene, and liquid crystal _polynmer adhesive
bonded to the fornBgcondnstive patheithat intrconmeet 4 pluiahiboefiibe firsieeniacs pads tel ai m 32,
wherein g i.d.0 S a blind via having an aspect ratio equal to or
gr eat er th%?%?&?&‘?g‘éyﬁ?fﬂoslm%% PCT/ US02/ 26756 35. A method for forming
an i nt er connecwhereidthefirst bentave phadsd the@opducsive gaths, pind thediapgcitor seadtmat ed
capacitor_structure.having,a first conductive |layer, a second conductive

| ayer, armoé“cﬁia&(’g&‘?q%dmlp Jamee f’gﬁ*ﬁ%“g‘a‘ﬁ@{%@@ toraperaximatelyhe0 eupg Al

congyct i VigequeAKLSSoréd thadMusido aphexfndidy 18y Ygdidryct ure; S formng a chip
attach surfqace deffcgl ning fi rrrs}at%1 cogtag%t Xpads5’f oréﬁ%ttachrrent of an integrated
circuit chip to the interconnect nodule on a first side of the capacitor
structure; fd6n ndlte thethod ofitlhiacBs, Futliereemgeifing iesstgR P feintionadtitiopads f or
attachnment, of the inter ca_n,nect rnguﬂI e to a printed wiring board on a second
side of tHeleetspdyersqnd additiopglcanduchiye AYery t he capacitor structure, the

chip attach subldga SithddiacRAR L PbAREM hO fUIbARRO IR MHd dE chi

i nt erconnect nodu orm ng conductive paths a erconnect a
pl ural it yatafh suréackj r st contact pads to

20 forming a third conductive 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 layer between the third dielectric layer and the board

25 attach surface.

37.  The method of claim 36, 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.

30 38.  The method of claim 36, further comprising forming the conductive paths

to include conductive vias that interconnect at least one of the first contact pads with the
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the first conductive |ayer, wherein the first contact pads, the conductive
paths, and the capacitor structure produce a conbined inpedance of |ess

t han or egoabotswsapproxi mtely 0.60 ohnms at a 15 frequenegTalonest er t han
or equal to approximately 1.0 gigahertz. 36. The nethod of claim 35,

further c ISk S of formng additional dielectric | s and
addi ti onatﬁ%gggﬂ%@g iv%/l(}?'fi%\?/nggré?m}eé%lﬁrgallgy gg@fﬁﬁﬁco&?(g?%tﬁ?tﬁa S nggl?e %é& en the
first conehndbétire lhyeyeindan@rcohtect potionabi e khifldrldaearth eshduotive 1aﬁer§1. third
conductive | ayer between the second dielectric |ayer and the chip attach
surface; formng a third dielectric | ayer between the second conductive

| ayer and the ¥bar dTheanethoth ofclaiimd; wheneln tler fidsnepndudtoverlayer complaedri ve | ayer
between the third di,electr.ic, |ayer and .the boar .attach, surface. 37.
The et nogr st SaSRlghaf 1avRr S i 1Pfos i i afBudhia BSRuSti< Bits
fornmed frassigfalaxpanded pol ytetrafl uoroethylene matrix containing a m xed
cyanate ester-epoxy adhesive and inorganic filler, the nethod further
conprising lamnating all of the |ayers together to forma |am nated
package. 30 3840.TheThrembthdd of cleinaBfnv@reih thet dhip attmhpnifsientfiher an axgpyt he

conductiv a-h t.o i nclude.conductiye vias,that i.nterconnect at |east one
of the fiyidpe ﬁbﬁif%?ctgaﬁ%m Fhith 't"ﬁb“ Q%%“é@%&'ﬁ@&%%%é‘ﬁ%@%‘%%a third
conduct i vardua¥8ip ark Béee@Anect a plurality of the second contact pads wth
the fourth conductive layer, and interconnect portions of the third and
fourth conductive layers. 39. The nethod of claim 36, wherein the first

conducti ve | ay4l. i sTke mpethed of ¢laieB s, wheeeis decrotid saive pathis aee foayied td S a ground

| ayer,, and the additional conductive rs 5 are si | Layers. 40. The
ot 1B of e 18 Hiat iEremec i e bY B coiedtaeds wah e U atierl  of
the firstemabétpellaRad® diQrivite phwbnGbnitiiiatst sslddetvddaldr 682086k dons of the
integrated circuit chip are connected. 41. The nethod of alm 35, wherein
t he condurat¢ntial framtibe sgcend oondudtiveolay®. i ncl ude vias that interconnect a
plurality of the first contact pads with the first and second conductive

| ayers to distrj but ower fromthe first conductive |ayer and a ground
po%/enti al f ron&-he %%@%8&66’@% PRdurthgfepmprising lamlnatmgythe firs conductive

layer, the second conductive layer, and the dielectric layer together before forming the

15 interconnect module.

43.  The method of claim 42, wherein the first and second conductive layers
are copper foils, and the first dielectric layer is a coating of dielectric material formed on

at least one of the copper foils.

44.  The method of claim 42, wherein the dielectric material includes an epoxy
20 resin loaded with dielectric particlés selected from the group consisting of barium

titanate, barium strontium titanate, titanium oxide, and lead zirconium titanate.

45.  The method of claim 44, wherein the dielectric particles include barium

titanate particles having an average particle size of approximately 0.2 microns.

46. The method of claim 43, wherein each of the copper foils has an average

25 surface roughness of approximately 8 nm on a side that receives the coating.
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42. The nmethod of claim 35, further conprising |amnating the first
conductive layer, the second conductive |ayer, and the dielectric |ayer

t oget her wefoenessor m ng the 15 interconnect nodul e. 43. TireTrmsohoatsof cl aim
42, wherein the first and second conductive |layers are copper foils, and
the first dielgetrig |aver i . coati,ng.of, dielectri.c materi.al formed on

at | east one of 't heﬁ}:eorf)l%tg?d f)g?l & Qifhe%ﬂlé ﬂ}?ﬁpﬂéﬁmﬁn 18 Icgrle%%lfﬁflg \Wﬁer ein the

di el ect r i lamirgitien ofitheiflre dodlesctiad 18R Ne sedbnd eshidictvedahRd, atdithe isel ectric
particles selected fromthe group consisting of barium titanate, barium
stront i urdiEleetRAET ti t ani um oxide, and lead zirconiumtitanate. 45. The

nmet hod of claim44, wherein the dielectric particles include barium

titanate parti gl es havi n. gver age .particle si.ze of  appfoxi ely 0.2
mcrons. 46. THe ne eoragg?&lﬁ%f“ﬁq %gw eé?él?enﬁréta%ﬁle Vlcgﬂgpé%spap@ﬁ‘f‘#l s has
an ager agsf lessShaldrieqal tb apgoRBESe9R nRiPING ndRl dél¥ctlc boAseht Bfl_%r'egt@r fraat
recei ves the coating. -37 03/ 019656 PCT/ US02/ 26756 47. e net hod of

cl ai m 46, ongqualdp apprRsimEtRly 2y qssh af the ceppes doitpinitheylaprieatedheapacitor siuestret he
first co tq t ls]?qg i . r, and the first

di el ectr ;}gag%a{b%gt}ésgéfﬁ%ea%ﬁ%t 0 Qg?&gﬁgyéjnhéé?m\%\%gei nthe first dielectric
| ayer has a thickness 5 of less than or equal to approxinmately 8 m crons,

and a diel ectri Corlmstho®bf dhiRRLEuk@Romprisiggual to approxi mately 12,
each of the copper foils in the | am nated capacitor structure has a

t hi ckness of flogringledirst condwdtive girsselestedifoam theeraur eansisting of a blied viet hod of
cl aiyp 36, r I SIRg, . ] iLrst_c ustive via sel.ected from
10 thIo"ﬁﬁBQ/?% arﬁig'r{%élf’rieg \Ee?tlm R d0n&t %nga}’ %Rrreooﬁgﬁe firs C%{lﬁl&dévetﬂﬂdf gdt iato

t he ‘group CORSI StI N nd-via, a SV
i nt er connthe thinhwndictivelgyeef the first conductive pads with the third

conductive layer;. formng a second, conductjve via selected fromthe group
consi sting of RUBIngRFeeqnd condugtive yingelagted frany the gsown eansishing pia blindbyizonnect

the third, GERGUCHL Y& 4 &y@df\gg g&tkn;é?&&aﬁ%ﬂe mﬁa%gﬁ&&cgvslgy@y&% igEei n the

second conductive vials o romthe tirst conductrve via, and the
i nt er conn@ntluctoedayer,ddfareie sheasecendamdidale i grdfsetiadrh theafnisngpnaudtivest
poré%on in sagid third conductive layer routed in a direction toward the
fir cond®@Fve via, and a second portion in said first conductive |ayer

routed in a dithegitérothdeetvabaule BefiRRaRREctricANAMe b¥® 4l Rg a first portion in
said third conductive layer routed in a direction toward the first conductive via, and a
second portion in said first conductive layer routed in a direction toward the second
conductive via,
20 wherein said location of said second conductive via permits a mutual inductance
formed by the first portion of the electrical signal path with the second portion of the
electrical signal path to cancel a mutual inductance formed by the second portion of the

electrical signal path with the first portion of the electrical signal path.

50.  The method of claim 36, comprising providing further additional
25 conductive and dielectric layers, laminating all of the provided layers together to form a
laminated package, wherein further additional dielectric layers are made of the same

material, and have approximately the same thickness and the same thickness tolerance.

51.  The method of claim 36, wherein the first conductive layer is a power
layer, the second conductive layer is a ground layer, and any additional conductive layers

30 are signal layers.
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20 wherein said |ocation of said second conductive via permts a nutual

i nductance formed by the first portion of the electrical signal path with
t he secomslopaemntdesn of the electrical signal path to canceCTaSmutaisd

i nduct ance forned by the second portion of the electrical signal path with
the first portipn ' ' . . hod _of.claim
36, conpri si ngsfgr O\C/)f léﬁtlﬂgthﬁ %?’fﬂé{r& g%ﬂ?g%lﬁg}feo%g%%ﬁ fﬁ%‘%{?r\?éggﬁ??a?%ﬁ%& ric

| ayers, |srichae,ithgmathod dirtheheompuasingted | ayers together to forma | am nated
package, wherejin further additional dielectric |ayers. are nade of the sane

material, and IERMHESSFII GFREGIC) ST¥RIvSAAKIng i thiksh endughive lavs: afavsthy hi ckness
t ol er anceeomgfetivENSyelBAndAGe@inddidbiftis Byt Bl ik tird érfdsfouﬁﬁ)@%tc{i\\/éa | ayer
is a power |layer, the second conducti’'ve layer 1s a ground l[ayer, and any
addi 6i onalaygreyadct i ve | ayers 30 are signal |ayers. -38 WD 03/019656

PCT/ US02/ 26756, _52. The hod of c¢laim wherein the capacjtor structure
is afirst cap@gfl{n&a tﬁgfi g%ietcﬁfcgl?y?rrc?gﬁmﬁgﬁﬁfsh?‘?‘ﬁ%f’orbcg‘f?ﬂ???’ '§YUt S ni ng a
second Caph&eindhe sérduttivy fathiduicR@naed: BiphHale9 e i firvEarlda¥Ednd c«%nfa@g;safdb
conductive |ayer, and a second dielectric |ayer between the third and

fourth coldheiquyt condycsiye fayer, shereimeashed the fist and sepasidetielestric laypesrhabat ween
the first I : . i clive. pat hs
 nt er conniieS B RREAARPERPo AprliileRTs nidR Shaa MMec RS S, 12

f ourlOh cogrdatet thae of egual to appmix@matelyal@h of the first and second dielectric

| ayers has a thickness of |less than or equal to approximately 8 m crons,
and a dielectric constant of 10 greater than or equal to approximtely 12.
53. The met hodSf cld mebed of danas, fushcompriging e Sereyf Wt gshog thest i ng. ¢ he
capaci tor . ! [ I .l cal. operation.pr. to

i ncor por a % %ﬁ%ﬁ%ﬁﬁ%&%rﬂ Zi%fg%t%ﬁg«%l? Ct}rj%%a t?%gl%a{lgﬂp " “ﬁ%’%"dﬁ“&’r‘“@f‘%i m 36,
further ciamgp¢ondedtgnddude.steps of: 15 formng a second dielectric |ayer on
the first conductive layer; form ng an exposed third conductive |ayer on
the second dielectric layer, the third conductive |ayer having a preforned
aperture; |ase¥4 driThd methodpbelgim Bhduskaenmpdsiol dlet stéps dfayer to the first
conductive laygr to_ forma bli.nd via at | ocation within the prefornmed
apeﬂ;g ure of th@’angracFeﬁ%rﬁlocﬁ%lF?t{}g?ary%/%? ﬁleéﬁ'swgpﬁlécﬁeﬁyﬁf’al ity of |aser

pul ses each hafermthganfexpsded @iled Edhddernse 1hyer PR thdsdcsRd dibRetricilayzh, (ROBQY

density per pul se being greater than an ablation threshold of the second
di el ect r i ¢onductive layer having a preformed aperture;

laser drilling through the second dielectric layer to the first conductive layer to
form a blind via at a location within the preformed aperture of the third conductive layer
20 using a plurality of laser pulses each having a first energy density per pulse, the first
energy density per pulse being greater than an ablation threshold of the second dielectric
layer and less than an ablation threshold of the first conductive layer; and
laser drilling the first conductive layer for a predetermined number of pulses each
having a second energy density per pulse, the second energy density being greater than an
25 ablation threshold of the first conductive layer, the predetermined number of pulses
causing a surface of the first conductive layer exposed by the laser drilling to become

molten.

55.  The method according to claim 54, further comprising the step of filling

the blind via with a conductive material.

30 56.  The method according to claim 35, wherein the third conductive layer has

a plurality of preformed apertures, and the method further comprises the step of forming a
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| ayer and | ess than an ablation threshold of the first conductive | ayer;
and laser drilling the first conductive |ayer for a predeterm ned nunber of
pul ses eawb o3hmwsstrg a second energy density per pul se, thecsasonzb7ener gy
density being greater than an 25 ablation threshold of the first

conduct i ﬁu}aﬁ of blitnaev egrbg% H%{:xmn Sﬁ%ﬁ%fela?e?fdrlmln&ftﬁﬁsolugﬁuthsel 8oy Sur face of

the first  conductive exp os aser ecome nolten.

55. The rméllaaﬁhcaﬁ}eﬁtctﬁla@ritfaoﬁdtﬁtlm ﬁﬂrer tf)lfbﬁrhﬁrblﬁﬁm@d it 16@1tiolﬁew&tlﬂat of
filling the blin vvith aﬁfctgnductlve material. 30 56. The nethod
accor di ngleash typ B? aﬁﬁé‘ﬂré? f &gt GpRdpcHymiaer angdhe %i%Pf Yaggg drifling yral ity

of pyeforﬂfnguﬁp&;nhhgt%lg)@pgtgagﬁ})ﬁggt)%qn fagther conprises the step of
formng a -39 WO 03/019656 PCIT/US02/ 26756 plurality of blind vias by

perform ng the step of laser drilling through the second dielectric |ayer

to te first csnducThestethad ef clhien BS)rfuitieerlkbmpelsivga at a | ocation within at
| east two preformed apertures of the first copductive |ayer and the step of
| aser dril | i ngPlaginga fifst mpsk Sefager W@“@H&@“C&Pf%@éﬁ Fydiangxpesgd iswrfagerof. 5 57,

The met ho&’laﬁﬁneﬁ%@fn[@r@b%neét% dd?l d, iRy Ih aaﬁfsfgpe?tu{'é Jo?xte ?Iﬁlgqgt Veen an

out put optics of a laser an an expose Surf ace o
i nt er connlecatiomudalvéy inttheitércainentarsédti@vi ng a first apert ure correspondi ng
to a location of. a via

ibn th |nterc nect . nmoqul e; ci.ng second mask
bet ween t he fll?lg‘fm%§‘?5°3ﬂalats]ﬁget8‘ﬁ?‘bﬁ? Bmask aBQUI?%@‘tIE‘g§@F‘°S Ofa‘be aeh second
maskohavi g séon8 GeK h@xﬂﬁ%h YRndhpRaredispbdeld withtn MRiath BEAOS ladrlbasgr beam
output fromthe | aser e second aperture bl ocking side | obes of the |aser

beam f r onoutpettam thy lasen thagseerdianstutedecking sikelabas ef the tasecheanoiiome; | aser
drilling I%a%'{ r?%{hg ek c')sse!i Qﬁr?%c%%?&%%%tenﬁglg%cs%?gﬁl ying a polymeric

phot o- absor e l"ayer on € expose of the 15 interconnect

modul e; form nigseldtilingth vinirethe ahteRyniedsmodglel | | ing the via in the

i nt er connect nDd¥L t hrough t he phot g-absorptive |ayer; rede895|ting t he
abl at ed nat er i 2PldRe %H%‘YHWHPB %tssaéﬁwweelw%w@rthgmﬁ%%wr fageohthe via; and 20

enhggci n ALt the via by renmoving the photo-absorptive |ayer and

theq@ablgpgﬁx&@ggp05|téd mat eri al on the photo-absorptive |ayer. 58. The
met hod of cl ai for8hg ablatedhmeatedalryrlasr drtling the via in the interconnect module

through the photo-absorptive layer;
redepositing the ablated material on the photo-absorptive layer surrounding the
via; and
20 enhancing an entrance of the via by removing the photo-absorptive layer and the

ablated redeposited material on the photo-absorptive layer.

58.  The method of claim 35, further comprising:
laser drilling a through-via in the interconnect a top exposed surface of the
interconnect to a bottom exposed surface of the interconnect using a plurality of laser
25 pulses that are trepanned in a first predetermined pattern, each pulse trepanned in the first
predetermined pattern having a first energy density per pulse; and
laser drilling the through-via using a plurality of laser pulses that are trepanned in
a second predetermined pattern, each pulse trepanned in the second predetermined pattern
having a second energy density per pulse, the second energy density per pulse being
30 greater than the first energy density per pulse, the second predetermined pattern being

within the first predetermined pattern.
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| aser drilling a through-via in the interconnect a top exposed surface of
the interconnect to a bottom exposed surface of the interconnect using a
pl uralitywofosbhaswss 25 pul ses that are trepanned in a firstrcprsdetasem ned
pattern, each pulse trepanned in the first predeterm ned pattern having a

first energy dansi tyNELLEY &t%'rdéqu%g)tér@%eg ‘}%\jtl#elrr]ic&%pxtiﬁﬁ%:t hr ough-vi a using a

plurality of laser pulses tha anne a second predeterm ned
pattern, each gpplyseg 4 pelymerie ghoto-abberpseciapet qurthel exmsed pdurfadd efithe havi ng a

second engr densi er pul.se, the second energy density per pul se being
30 great &t ‘}rg’é‘ﬁecttﬁ?g%%? ‘“t“@ﬂlé‘?gg\}‘e&gﬁ@f’wcber pul se, the second

predet er m ned {BahinglBlaRA Meridl tyNhder HABInG thSthrRIRASS Y BE NRCkcRREr n. -40 WO
03/ 019656 PCT/ US02/26756 59. The net hod according to claim35, further

conppi si nifrough thephetp-absoritivedayier; phot o- absor ptive | ayer on the exposed top

f f th ' ) for.e | drilli ' :
or mng abl at QAL EPERE Bifsd Bkl o REROlrmrsoRfst BRe kSRR D™

i nt er conngetturepaddir ough t he phot o-absorptive layer; redepositing the
abl ated material on the photo-absaorptive | ayer surrounding the aperture;
and enhanci ng @Hagsag gherdragee ofbe thipughgria by semgving therhetp-thserptive layer

phot o- absgiaihé ¥taled ¥eifepo e nlafiizP B gf%egglo{oe.go%egﬁévg? gfaterial on the

phot o- absorptive [ ayer. accordin 0 claim 36, wherein the
addi ti onal conductive layers are nade of a material selected fromthe

group consi stigyy of A el acc@dlr to $idini®6, Wheteintthe BdiHHAal Bdndullige BHELOd Of
claim 35, further conmprising: formng third and fourth conductive'l ayers of

t he sane &g pwdepf armatariahselecial frem the gronp censistisg of prppenigeldl, siftcerodr t h | ayer s
to formaﬂguﬁl rical circuit pattern, thereby formng a patterned |ayer
having a distribution of material; and altering the distribution of

material in the other of the third and fourth conductive |layers to match

that of the pagit er npk ha@Wsd of ddim 35, TRk dofmpfisifBKi N an interconnect nodul e
according to claim35 20 conprising: |amnated alternating conductive and

di el ectric | aylermsingibid ang lourih canduchwe laaers of theapmeitypsrofanaterialur e;  f or ni ng
one,gr nore bl ;;al?tgm\fljlgaénetc!} 'ﬂ?eutglbrdtarﬁg f&u%dllzf}%[ris %’oefo%ﬁ%n%- e%{rlec%} (I:,iirc(%litI p%}/teell’nf;
thereby forming a patterned layer having a distribution of material; and
altering the distribution of material in the other of the third and fourth conductive

layers to match that of the patterned layer.

62. A method for making an interconnect module according to claim 35
20 comprising;
laminated alternating conductive and dielectric layers about a central laminated
capacitor structure;
forming one or more blind vias through the conductive and dielectric layers;
filling the blind vias with a conductive material to define conductive paths
25 between the laminated capacitor structure and outer conductive layers of the interconnect
module;
plating the blind vias; and
patterning the outer conductive layers to form contact pads over the blind vias,
wherein the contact pads, the conductive paths, and the capacitor structure
30 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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filling the blind vias with a conductive material to define conductive
paths 25 between the | am nated capacitor structure and outer conductive

| ayers ofwoOhenigsser connect nodul e; plating the blind viagcTasd/pasd er ni ng
the outer conductive |ayers to formcontact pads over the blind vias,
wherein the cqﬂgacRAgﬁgg tge cq$quctive.$aths, and the capacitor structure
30 produce a corbi ned 63\%1}11 o BPFY S YT %edance of less than or equal to
appr oxi mat el y a @mbtitedyipadiior strfidt@guency of greater than or equal to
approxinmately 1.0 gigahertz. -41 WO 03/019656 PCT/ US02/ 26756 63. An

i nt er connect ~ rAY@MaENg epRshuctyspd dicleetrr faveesdamingtad; to oppesite sides phthe

al ter nat i ng, GRRMG:KE,fND dielectric layers |am nated to opposite sides of
the capacftor structure; and 5 one or nore blind vias extending through

t he 8onduct i veorgnad nairebkd viacetteykingthroughahetondubivddndrlielvdtds lages, pl at ed

and filled wit conduct i terjal, tq define, conduyctive.paths between
the | ani n%%%“angae’g%&adtvﬁs e platsdpnd flfed voth ae?on@&}ﬁm?teéal|t'a§sﬁr§€ of the
i nt er conn@pHudtRE Pafhs bafkechiR 18inthatddap A MR Strudd@d Sind biRr MG 1% r?ﬁf hs,

and the capacitor structure 10 produce a conbined power distributio
i npedancedheint¢reernectimodule, aadual to approxi mately 0.60 ohns at a frequency

of greater t ha\ghe%in?I?euc%ntz}c(t)pa{icgp{h%)éb%cgbg pe:llthg add %?ehc%fngczlfor -st4ruzcture
10 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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