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DI ALECTRI C COMPOSI TE MATERI AL COMPRI SI NG
BENZOCYCLOBUTENE WHI CH CONTAINS A FILLER I N ORDER TO

WORORRASE2, THE COEFFI Cl ENT OF THERVAL EXPANSI ONPEI/ER1D04/013158
The present invention relates to dielectric conposite
materials suitable for use in el ectronic packages and
el ectroni ¢ packages made with such dielectric

DIATNIrRY ¢ abrroRACKERERND CnlizrmIfiepHized ET.OBITENRENHICH adGNTAINS A
FILIZRE INS®DER TOOPECREGRE pRiEf OPERMICEENT OF { THERMAL EXPANSION

applications. To be useful for high speed
i nterconnects, a material nust have a |low dielectric
constant, low | oss, and nmust be capable of adhering to
the other materials that itgpmy,interface, such as
copper, chrone, zinc, alumTuny silicon oxide, silicon
nitride Tlﬁlp%bsenttmteamamiatwttcr didlect(iT cofhpospe asivriale whitabledar use
oxi de PEO ho r-.silicat I
R e e T LT SRS
typi cal manufacturing techniques, such as spin-on
coating, die coating, c o ani cal poli shing,
dry etch, imaging, |aser=ab+gt+orm—hot/cold press,
etc. @nlmea fekedibleaht RaHile kicake Y fopkich pafommdewhmbmw
noi sture absorption,. out st$nd| ng chem cal . eS| tancle,W
JeBkpatiprsy kel bepiseplior gl spepd BEFTEANRETS AR avealo
NBRMEEN  onsaRN il lsaldemiebd cdphBIworadheasd fodthe (ﬁﬁéi materials that it
fracture resistance to cyclic stress. _Advanced high
dessinteyfacersitohiap agRPeT, SNTewE 2 Bl PR §lson @jds, plicon miride
fa(gg\gnﬁt@fﬁuﬁlf ﬁ{rﬁg t(’le? ﬂm&@ leh@nSed W@E@Kb)bhbibhbhﬁh&ﬂt@ﬁlass

uency & i cati ons.
pPBpBrnd e 1ﬂ<9r A@Qc e maipanle éalsqueeqr@f@ﬁﬁable $sipg ¥>ﬂ>rfé1 pgyfacturing
qLglg %E{ oo a(3§§1n-oﬂ egzﬂﬁ‘lg% cJifig YR %alrlﬁ@ggmcél"‘ﬂgﬁsﬁmg, dry etch,
assoct at &d’ becormes-a key performance
rioaginkdeder aﬂlwtldmah@'/cbkdvpr@ls,eltce @thfi:rcdeiﬂtﬁb!ﬁ matﬁ@ﬂl groppiies include

Bt R Gt T RE ALkt e obShoba A hlr iRl

tpredisthile dimdneiop ﬁ’roaemerﬂa, o()iﬁgn)llab]‘e nyditeflav eba@sity, |aud fracture resistance
materjals must be sufficiently high, e.g., higher than
206YDE STPS- sur vi ve i ncreasing hi gh tenperature

manuf acdviiided Gighr gy sesltilageicdecasnic @aﬂd(age‘s&eqﬁmladmnced dlelectrlc

refl ow. O her nts i de .excel I

PR FaRsoab LA BeS Tegisath BT GREICBG. (k0P BEALy propeties
cRefdch GheRte Odiclb OB he So4P AR ®IB 1dsCitthe Gfﬂzgfre.quamcﬂﬁge where

close to that of copper, (CTE of 17

art
(PRt SiznahlesyRsGemesess iPEHOBNES TP 'f‘bg%l% dielectto loss,
the %@ﬁ‘fc%neﬁ'ﬁﬁllé ﬁgst h&veab ?512&11236@ K211 As [B\Aedhﬁ@lb frioghent. Another

nmat er | al frequent used requency n cr.owave
(leeygequirRmagniciipt the glass transition temperature (Tg) of the dielectric materials

must be sufficiently high, e.g., higher than 200 °C, to survive increasing high temperature
manufacturing processes, such as lead-free solder reflow. Other requirements include
excellent gap-fill properties, toughness (good elongation), low coefficient of thermal
expansion (CTE), e.g., a CTE close to that of copper, (CTE of 17 parts per million
(ppm)/°C), and good adhesion to different bonding treatments applied to other layers.
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applications is one of a variety of conposites based
on a fluoropolynmer material sold under the trade nane

waBes@N93such as TEFLON ceram c, TEFLON fi ber gP@BeE$2004/013158

etc. However, TEFLON materials require a high

| am nation tenperature, i.e., over 350 0C. Al so, due

to the non-crosslinked nature (thernoplastic) of

TEFLOM digleetric amaé,enahfrm@ﬂydwad fog highiffeqesacy sigrewaver(pge 2.4 GHz)

m%?ﬂca%néso%ﬁé ng/r oflo c%ﬂé%&&idontaoﬂd%&&s &la%rﬁa?éfﬁf s%ld

yim esters .g., aro tic
cundett the trppds) r;amrE?)FLéH\é smhgs TEFBOR ran@c,vﬂi EHLCg\é(ﬁblerglass etc

?{&9&)’6 %@FL IB%L+1§ ulpeuzl hlg}t] Eﬁﬁn&?ﬁh rak?lﬁg‘ qq: over 3€O °C.

elec ric erla ave sues wt h I'sture’upta
f Alowy-dut kd the non— hiogdhiniCTER tut g (teemmeplattiohof BIFLEMN@)erials,
t he . mat er. al.s

e a
c? ng s1cina} abéﬁtgllﬁsgata}'lsﬁs enéignoil%cdfg?yet{é]tlgerﬁmat(e%&ggrewous layers.
pk'ﬂlymﬁctes aﬁhﬂ@oﬂﬁ@pbl&éﬁfﬂs eac arnmgic kinoidreratl pegifies) are also dielectric
di el ect.r ounds S. Pat ent - 14,872 B .
v FEe e R LR op M er PG SR RaRAUE b isses
d\@iﬂh B8istufe Mameh flew TN sa6yct DilefRAR: 821H 66 @prascaenpeml@rm Z-
| ayer dielectric (ILD),. The BCB ¢

S Br (= Ao 1 ST ath R HORE e elpaiens (BGE)

ﬁlﬁ‘;ﬁfi&§ hr%%@wsawof@&ﬁmﬁ? fndvien ubdaht BEERE adm;ﬁﬂhdsopl cally
m xture of Cl2/BCI 3/ using S1 filmas an

et ch fSKPaiayt §o. @atehi? Bgdisclpsgsipmathad for nynufactydaga 5
n&hﬁ&@ld&&& Jealkaé irp@ﬁlbmgb@hz&eye@om&%%@g asdﬁlvlh&@ 1a5,a ML

enzocyc but ene I mserves as an insul at or bet ween

r (éTelID)s ith¢ B@ﬂ aeating, i m@w!mfas wngafigna aka § el spipgertpdento the
I
Sﬁegﬁéd Jﬁ%g@aﬁlﬁ tﬁe%%ﬁ%ﬂpgfanﬁ%&g%&g]ﬁ/%ﬂthcd IE’IMI‘E oﬁ@WB‘Eﬁﬁ@z using

as a nenory ‘ce a particle source
stiOh fibs anasetidmaskbal | . The BCB coating, having a

ont o (5. RGP B S P S Mt DY o Ju R i Bl pgucior
diesitk s @hich a I’ﬂ?ﬂilﬂoby(ﬁdfhutﬁnerﬁﬂm heeve(s liChg) mpdaﬂoa‘g@wafm mdjstribution

CEREEFE e RO R oo P e SR LD ol e,

f dues ks SPeMoGBl Shd @A bphd pﬂﬁd&e paatrael smldaa; a‘sollcm Ba:ll d‘h«ﬂBdBr
the .trade na KAPTON g r thi.ckness from

t 918, Aing i BISAET 1B AEAS OSSR G tho Beired
Mgkthée | ayer interconnect str uct ure. U S. Patent No.
e S hoR S, B RSt i oL T e v
bRAL Sy CIBMBAnQ ol rlak 2 ladt@ite £REAVE 18 thdMebtrRBSLof dubh structure.
The BCB polymer is first spin-coated onto frame polyimide film sold under the trade
name KAPTON E in a layer thickness from 5 m to 15 um, and then baked and laminated
for making multi-layer interconnect structure.
U.S. Patent No. 6,262,376 discloses a process for building up high frequency chip
carrier substrate on a printed wiring board (PWB) or multi-layer ceramic (MLC) base, in
which a polyimide film, or benzocyclobutene film, or a thermoplastic film, with dielectric

constant less than 3.0, serves as an insulator on the upper conductor layer(s). The process
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which a polyimde film or benzocyclobutene film or a
thernoplastic film wth dielectric constant |ess than

W@205/0808Y¥es as an i nsulator on the upper condeCT/U82004/013158

| ayer(s). The processdeposits the dielectric film

usi ng either spin-on coating, or chem cal vapor

deposition (C%Ba U.S. Patent No. 6,420,093 discl oses
eptridoyi

alepesiis Gwslidl ehingcrithey spiorqitcoating Py ﬂ?@mwmr@r grposition
t printed circuit board (PCB) cores using neta
foil 'coated with toughened benzocyc| obut ene- based

d| el edt$.iRetepbNg 429,093 isclopes e@sesesdp bidlding up rsiisdpwiring boards
ont iR gﬁﬁ%@hﬂ&@ égaﬂrilgc% dﬁﬁgtn?étaﬁ 'f(ﬁgccg{e@.lv%ﬁ; thhhened

| osed conpri se
eliehxdc@ﬂbmaéﬂeyoasadschﬂmtm Hﬂyfp‘ﬂb yiie progeilamipatss apheet with 2 metal

P A |
PR AR S BRI A R RE B copprie
fdthjleficlly Sndaairated ﬁ@ymsrexddm@nsemﬂ phothestive perpduads. apautially

f the B | _
ggo;ﬁ:%eg}ziz | -%géea S an &élse&%ei r%;E)%vev%r &s%lo}f %ﬂgrggs 1§orltjgﬂclosed.

nDﬁe% t_ﬂ@l:id’&ﬁ]nl-pbldfh (ﬁﬂmﬁﬂ df lblhﬁB@B bfaterinle aadthic (noﬁ-lpb]aea:olvents such as
particles suc s silic

By at orb ROy Bees TS poaet T Bh e win
Cﬁ@{ghlﬁgﬁﬁ&ﬁah@wma&m@h@a either dry etchable or photo
i mageabl e, ‘which contain no filler Cbatln%ith|ckne

s Y i, POl droy B e SRS tee P BToHaL Pk JRsts, coRbng of
g%afeﬁﬁis r%thélt &6 %&h&ﬂ‘le &%otoviﬁhgéab@f WBiOh 66H458 S0 YEE! COdting

strate bow ng, and thus makes t he waf er/ substrate

uthmcmse sssnptalyiless fee 20 m@qeﬁg ﬂw@e@@b@@g Qugstes|of BCB,
B\Z?&f:ﬂ OMLPEEL HaBG QY ﬁ{??ﬁia% ﬁ?\’%m ah@UALEReL BORfef SRRy

ormed 1nto a hi conposite material with
exmpeddessable ch pdsematmgwocessdﬁer mal , and nechani cal
properties. Such a conposite BCB mat er i al may be
coated directly onto copper or other substrates for
use in electronic packageéLQﬂM@ﬂﬁE al so been
di scovered t

co I
resi n ‘WHRMe e??am%Qgegﬁg??kﬁﬁé1 ??P§e£ﬁhhg§?ﬁg§ﬁduﬁoa
Whl'g?ly aHise c@gﬂmnﬁ nﬁtehﬁ)]l’hgllt}yexb eilelno&!felpctuéalj thermap ped mechanical
sur t
C HOPETES SHEh VBRI D HCESTSerA e Bt P Uy i ippbs & ot
NBLBirdted forrsRfind EleétfbnﬁJ Iﬁeltafg% IIEh3 Atk &gﬁﬁdﬁt@%rﬂ@ t}ﬂt a compatiblized
dielectric constant |ess tgan agput

dhighlydilled B(Byrsgin gyill Feézgg exoglien gigic @t@@gpes fnp]%wﬂl also adhere
COEREE/ th oWTBloBld RbpdrREifatdi £ dhel QuGETUnterest.

benzocycl obut ene resin, and from about 50% o abou{ :g{
by wei @ aspect af the eeesent sentisars # ¢iglesirie coBegs Magerial useful n

electronic packages having a dielectric constant less than about 3.5, and a dielectric loss of
less than about 0.004, the composite material including a toughened benzocyclobutene
resin, and from about 50% to about 75% by weight of at least one particulate inorganic
filler; the resin and the filler being compatiblized by means of a compatibilizing agent.
The dielectric composite material may have a CTE of less than about 50 ppm/°C and/or

tensile elongation of about 2%. A coating of the dielectric composite material may have a
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filler; the resin and the filler being conpatiblized
by neans of a conpatibilizing agent. The dielectric

waeeowposidse naterial nmay have a CTE of | ess thaPrCEDS2D4/013158

50 ppni C and/or tensile elongation of about 2% A
coating of the dielectric conposite material may have
at hi ckness of fromabout 0.5 mmto about |

001113

phickressdfl fipmatheut 0.9 Hm tawbaus 1 8swtpreferahlnabetti @ 9up dppgbout S0 pm,

' 3 888 (AW nnd).
I%%é? :%%él Egén%&ﬂ W()nv‘l?r%) gfﬁ,llﬁ%n%lp ggj@gglg%f:?@gf‘ t he ?nvenl%rilr%)n IS
an el éapthordspeqpafihe fventioninep eectionis Peckspehavdngnideaptme
| ayer .. & I ol [ kdd@hereto,
B e e S e
odlmpeis ite didiatrerdomiposimanatertil bisectislpatic emmsteniiess/thangbew B, and
about 3. d di t fi: : :
o et ey s Bl S Dbt kT 8 SRR <P ALl
| ingthdid @ Soughéred hHhenegtldbarne epinl, atiuftenebaue§0% to awdt TY70hy

abqut 50% t o about 75% welL.ght , of at

i‘?ﬁ%ﬁ*&&g PdeasHe R BHYG ar‘{%‘?/“ﬂaé? {ﬁﬁ] e es ar‘%h TSI
b8t REPBY: inbins 26 sitye BB afena Mionamabodimphtiafthe electronic
agent. |n_one enbodi magi(tl of the elect r]i?ni' ¢ package,
thekaghdbeRRTERnis RPTIPUaIeANle $OIDSEs SUERBPISES silica

part i cdRsher APEItBLIhe aSRAGIN 96 disP&sion vanprisiiy d tBughened

di spersi on conprisjing a toughened kien clycl pobut nNe. cant
resrapyclabutens 483in, ghleast AR BarsARIc BAFIEY @? hay g aggelectric constan
h&’fgés@ hat of éagl_aﬁt%utd, GnEPHRIaEE 1RE of BSIhdn IV 194 sigfabuplliag agent;
4.0, and a dielectric loss of less than 0.001; a
sandamengolapsdlyrgt.agent ; and a non-pol ar sol vent.

Anot heg, AP gs%ct%? ﬂfeg?vaeh{gymwe& PO RLRBFShE o

structure conprisin onductive | ayer coated with at
| @mdiction bytropeted whithdi ek ong layer o fisltssiric sompesite imgterial having a

havi a dje e )
e
dihe diebtriccomposite siateziahmtiedésal toighehaddhenzogyeloordnenesin, and from

benzo obut ene, resj. n . . % :

PRE o BHE o B wrienisd Het ARG, HAtbRe ARG o rsin and
f ihk l5iglex; beidge ompstitlizadbly inbinsfof b bitane baiphigg egempat i bl i zed

by means of_ a silane coupling,agent. used. her ei .

al | wehgtea betpi R g iR aHe ik %‘g\gm@‘&ﬁ uhfey glferwise
ojdagivs.se specified. As used herein, the follow ng

terns have _these neanings: 1. gg&term.

" conpat§ Wef horeigy thedollowipedfmshaye L8iFgata Bee with one
anot her trhd @QuE R dni}RtibisiGed incas @Edbrdd RRRhLFE @it onsviiother

Ir,%@é%g%?egsg loi(’e anvgdtdirt]ioﬁz?lggenc‘g,fwﬁict]he is %})Irr]lgf{t%,l\)ﬁlesvsiﬂll Qa%ﬁ rgpﬁll% Ioﬁlleremse
incompatible materials.
2. The term “CTE” refers to the coefficient of thermal expansion of a material.
The term “low CTE” means having an isotropic CTE of less than 40 ppm/°C up to a
temperature of about 200°C.
3. The term “low profile” means having a surface roughness, with a maximum

foil profile variation (R,) of less than about 10.2 pm (about 200 microinches).
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2. The term"CTE" refers to the coefficient of thernal
expansion of a material. The term"low CTE" neans

whansogoan i sotropi c CTE of | ess than 40 ppm CPUPUSHOA013158

tenperature of about 2000C. 3. The term "l ow profile"
means having a surface roughness, with a maxi mum foi l
profile variation (Rz) of less than about 10.2 nm

( about* 20 e TRytASsh @2epnya parRalytrobpmerigedmatgeal, yhigh gugt

Hﬁlﬁ&ﬂﬁélﬂﬁhep&irﬂlgﬁ’d feaaﬁh@ﬁﬁaq dbed sl Ch must under go
further curing to reach the final desired state. 5.

The t ér nilredpral dlidlocirc comppsits matenidt @fqrﬁno' 2 m@e@ &hat pclydes both
TRRAERLy Kk e YR 088 . e o i

fi¢lpdas touEheneBQBor sfoming thewdmgpodite ugatﬁenbr s prior to

form ng-th o £, tou ne .

2 BSADS- TR pER SRl ol S P40 e

ithe fone off diseretefpadicke emb@idpchmtth«:BéB rmtdzmd:ldnﬂm nt he BCB

TR A R LTINS

fihdrbatic ﬁﬂeﬂaeléeéngl@diteﬁhﬁf oﬁdqaﬂ t@ﬁbcﬁqﬁawt 179) about 50 wt

% 8. T terns, "coating: and "layer" are

it o SnaliGAaHy CHERE) TR BAP R SR ReR b b
DRAW NGS FI G 1 is a schermtlc representation of a
mul til ayer inter connect subst rate. FIG 2 is a

RIGFDESCRIPLIQN OF UEE DRAWINGShect

Cross-secti ona
substrif. € i §RerBatfdiz§ xageh@ﬁan w&aﬁﬁ anheRoRRRI fbatdiach
surface. DETABLED DESCRI PTI ON OF E | NVENTI ON The _

di el eBiG-? & acupperstioeal retef] aanulahyqrh@eqﬁp@@@trﬁlbstwewtth pic

I $tadh HIHQR Mafidbl@dtadnouahiened benzocycl obut ene (BCB)
resin. BCB resins are commercially avail abl e from Dow
Chem cal under the trade nanme CYCLOTENE. BCB pol yners
have excel | TR DS 96K &k §$E ?i@ ectric
const ant an%ﬁm‘ﬁmw% range

( 1 4G®Izl)e ecig@pmporith ingierialiof thé prgseopventiondp a highly filled,
her qwn U SeléZSOC gbu?e%b ?gbﬁf Il‘eélle‘l dEBCIﬂWIGSl{I)S ar ln%agr% ﬁ{/’ Impa%gble from
dbam @hérﬁlchlomdﬂehdlreﬁlb nhnﬁél CYCGI Y THNE. eBEBR pm]lymei‘s Hase excellent

CRTERSEb St LD e L Do Chert oo oD, e e

QACAOREHIA) Qe vaip il HigolhingBitpsistrdting ReRtitick] Ohé embmhﬂeﬁt@mtf&mula
desirable for advanced dldele(;trlc n’gter hi ghly

fqepqribgd herein uses a prepo ymerize “b-staged v1nyisaioxane bis-

benzocyclobutene, which i is commercially available from Dow Chemical Company.

To provide advanced dielectrics for multilayer electronic packaging application
and to meet all the requirements desirable for advanced dielectric materials, highly filled
dielectric polymer composite materials are formed based on toughened benzocyclobutene
(BCB) and inorganic filler particles. Toughened BCB materials exhibit much improved
mechanical properties, with elongation up to about 35% without macroscopic phase
separation. Toughened BCB resins exhibit excellent dielectric properties, having a
dielectric loss of less than 0.0025 and a low dielectric constant of about 2.6. The resins

also have excellent flow-fill properties. The T is high, above 300°C. However, BCB
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di el ectric polynmer conposite materials are forned
based on t oughened benzocycl obut ene (BCB) and

wopes@erBz filler particles. Toughened BCB mat BCT/@ER04/013158

exhi bit rmuch i nproved nmechani cal properties, with

el ongation up to about 35% w t hout macroscopi ¢ phase
separation. Toughened BCB resins exhibit excellent
arEnse etpesiallpibe fruehaned BCRaosirg havedi (el Telisrress ploddspngy/ °C. This

|P‘rg°}r°'C'i‘ﬁ‘ ﬁHmQ %efﬁﬁgss% dgx'ls%l %&chbﬁu@t@f‘ﬁﬁcﬁ%es Ofl‘he exact CTE

about 2. e resins a have excellent fl owf

o émnfﬂqnégn thw@wmg of t:puﬁlileghlg agedweeddp tipdormpdaever

BCBr e -
CrE | Qi I kich QAN BRFe M R I
useshaniced performahgegind dhemspztl yesss@mc@ anrvaiganicotlleprark adiisd to fpra a

B G ob FREIOT el YT o QAR

tooughgtied of dsiinveatich mtlluﬂé mn@amb dillers hoengdigketbtitie monstants of less

ectrical hani f h
S i RS B P Pine P TS B D08 E Ry pcutac
;ﬂlfﬁk ez(tthrtlifleQe pPRas it escfilf by as it inlegethen aout Tuﬁmfru’as average size
| or c |te eria osi tions of
O FgRR 1 TRG Hor B G R PRI ) ey dicestr
GRAS Al Thofilldrgscerbblaadantdveragé pdri€lt ki€ of 168 Shanl b efd? to ten

rang | ess .than Q.00 Essentially, any

d%?F‘FP%‘tﬁ lfaqléyqf.twl@ﬁs %ﬂw fﬂ%%c W@ﬁ%@%ﬂﬁq? the fipglprodygt. The
| @Ry a@§ Ferermy hRSdOAT RRet of 163 &ﬁ@ﬂﬁeq@?ﬂ% a@earﬁil aZ&electric
or abou m crons absol ute size, and has

i lpgs\Af 455 (hen B0BhePrs wah fiflerds slcaSd) dp@leé%}tlﬁa‘i’lé morganic fillers

REORR, b nd ik | Sl habl Jhag an aver age

partic¢le size | e$s than'or equal to ten percent of

t he | @mxpnalm tbk me%@ BIB 1epia orithe|disdactriccconpagiisnaterial may contain
| I T I

TRl Py R o Sl 2 SPplr o

elywag pt0@68$1n@ stegmma@xgosalt@natmal liokigh teinplerssiges han

0. 001. e S

Sui t akﬁ J Istn%nlré%glr?lo%lnreg{ c1f ltl?e C%HI}])C ?i% éﬁﬁ%é(‘%llj(tzﬂ’lgrelgl %?Ehe present

I ihvantienl hzt@ne af nhoiervel xhecquKerg desirdblg Itlafss; Fl@thean(a’gdtryq filler, e.g.,

[ t t
el e RS e BRSPS i
retoded theiabrgalg fileabndhe BORI Iﬁ)aﬁm@mhlﬂnﬁﬂhshbmbﬂﬁ/e@ﬂh@dielectﬁc

B o BORSGog ety etoof e (e R0t i !

obild, RBote@TRRS bit tRe BUBLIIOL MaeriABE®!) ba beﬂfnpfd"i'ed Py 8saTh surface
[ nventl on has one or nore of the fol Igleéﬂ1 CdeS| rabl e
n

tREERIPg solyiqns fn parhigilamenod aAhasionite jogt pro epRer digving a
ftﬁfcﬁﬁesgoﬂ@@aso@ 5$RS i SARRaM, tiindl @ugle AR trRBBm: SeeeRnderial is
there is good adhesi'on between the inorganjc fp llers
anpatihel (REB ety emiforrnly thin layatiesiogrrhpisn ielstaterip achieve good
&ng Eéﬁ){‘%mos' te material (e.g., BCB-Siqg2) and
ace

Interest (e.g., copper or other netal
Typically the dielectric composite material is made by forming a dispersion

comprising a toughened benzocyclobutene resin, at least one inorganic particulate filler; a

coupling agent; and a non-polar solvent.
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foils, another |ayer of the BCB-Siqg 2 material, etc.)
can be inproved by use of a surface primng sol ution.

wo oogaotoBzul ar, good adhesion to | ow profil e tPCTUS2004/013158

copper (having a thickness of up to about 5 mm is
desirable. Finally, the dielectric conposite materia

IS cagable of being coated in uniformy thin [ ayers

ont 0 &0 ekss inergrnisaeTtiselatetfilerse Hich g esilitho Borapaiible withy non-polar
REK LR “?nes-[}g}gﬁeg @14 e,k ﬁmgdn%é fietebl SheGRTRQRIFLE may be treated

nmat erl orm ng |sper3| on conpr|3| ng a
m@mmlm z@neymetb@mfefn@tlp@@.lzmg the surfaeesthatgyidl also rendering the

[ s and a
RIS GRE L B nd b 1 Bk sidhe b Bl AR
fvuﬂylltscthpxwdm EERLY Winybaacemmg]am OIEAS) T-hetenyiisimepokygilane,
sol.vent S o} u

SN R GRoTERR bAPREebEL B0 » Bt S e i
fitwhedel ad digiloha @ﬂaneﬁ)ﬂmh BEd)d‘tl}dduﬂB‘thd‘xyﬁlahe dlﬁayltrmatig)xyhkane,
surface hat Wi | rende fille e
e st ped B S Flent dnt Sfkict HRESE i s o
RPN Ireatd@ it @EdMb aggldsmereﬁe Iinoohy abh-poier LOWES,
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ui't dble materi
copper and BCB dielectric composite material, primers or coupling agents may be used to

prime the copper surface prior to coating of the BCB dielectric composite material. Useful
primers include vinyliriacetoxysilane, aminosilane, aminopropylsilane, and the like.

When used, the primer is typically placed onto the copper substrate, which is then baked at
100 °C or more for a period of about 5 to about 10 minutes prior to coating of the

dielectric composite material.
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i ncluded | am nated | ow profile copper, plated copper,
and sputtered al um num The conductive layer is

wo ysoeddBy | ess than about 40 mm t hick, preferpil/ysH84/013158

nm I n one enbodi ment the conductive | ayer(s) are

formed from copper. Copper substrates are preferably

thin, typically S5mmor less, with | ow profile

sur f adegrecinn qoat the dickefric pompasithiptisral a smsentysins dispersion

%@%Sdla&uﬁ&c&l%eﬁémae@aﬂsr Igl £8 ontd d MREQVELINE AdRESE 0N

bet ween copper and BCB dielectric conposite material,
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ts@IFRefoatnbios layer witdedickeeirit esmyRité hetesil coeld as dhaikdtioed
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o tiple Bygisof epndypiire 28¢/0t diglogitinrarRasis wperial n one

pr ef eAﬁ&ﬂer%%é@ﬂbﬂTﬁé‘ﬁreseﬁﬂﬁv&h@ﬁ RGlHhiGlay@¥BctrBas pé’ckage having
t hi ckness of 25 mmor |less. A thickness of 36 nm and

awdiiple gongwr g layses, aledstipnerad wvhsqbﬁ%a eqRpPT levri adgnuligle iglgetric
tl?}% rd htﬁle%@ &ﬁé & v&ﬁgql%ﬁiph?es %‘ie%c'hﬁ] cofBRsiREmSOTR heVifga dielectric
rou Ing or

g m nat i on. ['am nati on
teengsant detssithen wpdut 3 aangd avdlftlwmqwlesssﬁ dast fhiap abowg P 88+.evherein the

il mﬂoﬁﬁ[o@ﬁé ﬁlxtsmmﬁda@s oﬁg%gapenwlo@%eﬁ@%ﬁat ﬁea)%sut

ease ‘11 ner such e "terepht
aﬁ@% mmmwam naveghttod ap#racultte mhea)ﬁ}(bﬂrths st and thesfiller being
%atl %ze% urgl)%ztien;saowe P‘%E’l}%l élllz{ {fl? gucglgangrdls ? sﬁﬂ: sjaglac%?nt ora
csﬂarteeﬁ)uplmg@sml bed or nulti pI e | ayers of conduct ive

and/ or. di el ec |c conmposi t teri Anot eqt

o PhiefieE L8R 2 b sasomon eiBodstis of i Ll St R it can be
Rk agn thavingsiriditieatie maralug tietRremt)itveationiha @a6deful for
one of which i s a copper Iaiyer and nultlg

ceglaging integtpied gireuit dies. Maddplc disleciic lgyrsgan efﬁwé fgmghe BCB

doflpBGteldidlet@RARHiIE MAt er i aI having a dielectric
constant less than about 3.5, and a dielectric |oss of

| ess EHAE ABARCheNAo Zeperpptiqn propepessibledpyliiazer interconnect
GANRAR tB@c cHRbBE gﬁ:lduééa%ﬂm%dl@leétﬂ&' ORRBELOF the current mven’uon

benzocycl obutene resin with about 50%to about 75% f/
vidgaya i shdwsd-patal laperlintersowiept substiate| 108 made hi lansisgting gn glternating

slagesfdf lcbfc{uct‘?\% ([i]y%lcally metal) layers 112, 114, 132 and 134; core layer 111; and
dielectric layers 122 and 124. The conductive and dielectric layers shown in Figure 1 are
disposed symmetrically about core layer 111. By “disposed symmetrically”, it is meant
that each dielectric or conductive layer formed on one side of core layer 111 has a

corresponding layer of the same material formed on the opposite side of the core layer.
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conpati blized by nmeans of a conpatibilizing agent such
as a dispersant, a surfactant or a silane coupling

W(ag(mﬂmowﬁz gures 1 and 2 are exenpl ary enbodi mePtEUS1004/013158

mul tilayer |C packages that can be made with the
conposite dielectric material of the current invention

that are useful for packagi g integrated circuit dies
MUl t i b Brdieeshewnrn Bighigyleyis 144er 18 1 Giefiymiaresmnedh thegasgpus

GRIPR erts eg?a ﬁﬂz%‘i hliCtnfR t?édcg ot odr Et?éxel 11 2h8 dR1cS e eTREsI 122,
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lssldpd maskd 6dicxppseionizet nadel tge}cﬁe’aﬁ’al]éél?%éh%s aﬁﬁo"lf‘ﬁ with the

c%ﬁo $h bl 91? L8 (cwé}'cgﬂt Gt E&ai 520 54, l&l@ﬁ‘ﬂ@atécp ahdRflowed to form an
C fa

oele on|c atton’art. In an alternative
eidonitined neckaddal bcpraﬂ t0 i contaet pmpftsl@ mplfifayer spytrpicappd the chip.

gdﬁ%\t’j%{a %V%er%gﬁ%&g%%%%ﬁasp%a d v@ilth tﬁ@ plqﬁg(ll Qf‘?m% board (PWB) can be

recogni ze
tallighedagvyr mmm pealts il 56) hedted, aacsre(lo\mdmgmm/ara@ectmaﬂ pifl Wppodanical
na to provide electrical

i ed, vi a
gkﬁ’ﬁﬂg% e%th@eﬁ &% Staﬁgth[e) ‘pads 152, 154 on die
at t aclvosdaia@ae 1 H4 ba radnducmd pmekoh&iftive, or ltrely vzdhydegrepribination
%%g%cg%@%%%gg%%‘g\gegﬁe S%H.lgg %%rca,l 1ve a %S 1n%ﬁ1ﬁe thick
alohpiile. g Ul RO nkf) Sultalémand od@iictimefiitelibl3 1nc]1(ilé t]&xqwg)este
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Féeleaisiamgicaal Cﬁéllled'é}’enﬁﬁ% IPOIYB@ EB5S SETEYTR BOtR RS 3§elefgf
él’ﬁ{ilt 1’3"}@ %BS/ﬁl%rlaféiegﬁirc niEsHA1 F16rHs Sabid AisceiSkeC SRtALIE ccﬂﬂﬂﬁaﬁbﬁ Materials

(not shown) associated with t (%hl p can

blecladiq @ﬂ@l‘de d@@fﬂcfﬂ GHewSt Capacders, and printed Wirmgpoardse 41 ed,
and &bl awed 14,8rs"195 Thd1b4 may be formed from individual layers of, or

laminates of a combination of, high-temperature organic dielectric substrate materials,
such as polyimides and polyimide laminates, epoxy resins, liquid crystal polymers (LCP),
a dielectric composite material of the current invention, or dielectric materials comprised
at least in part of polytetrafluoroethylene, with or without a filler. In one exemplary
package design having a core layer and two dielectric layers, the non-conductive core

layer may be composed of either a liquid crystal such as BIAC film (Japan Gore-Tex Inc.,
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el ectrical and nmechanical bond to the contact pads of
the nmultilayer substrate and the chip. Likew se,

waoelodeo19bal | s (not shown) associated with the peT/nsmd4/013158

wi ring board (PWB) can be aligned over contact pads
156, heated, and reflowed to forman el ectrical and
mechani cal bond bet ween t he contact ads and the PWB
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1'2L1 %5/ eac%ﬁaggggﬁ Qggln"f‘fhx rzG)%Q KegRuchesth 480138 nfigkods. R bEe
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@mxeplb ahyethickagss bbeash tistestaig layer E42% e is apmrplalma&be?%t%qns

h
such S P LTl A ARARERL K 100G LRI KB and

raray Co.,
Jﬁﬁﬁmt)ad osinghqaohnd prosheref Fblmxsmplh Ao fHIRATYIG wn hez sm@lrltageously

B P GO b 1P R T e DR aore
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such as _copper. O her we uctive materials

U SHRgard KaghehqilEhogr L,‘Y E&fﬂ&% ‘Bﬁﬁgﬂ%m gol d, nickel,

or  si Iedush Wids 8dn beLBHhedIDRovETE DEiinR®Idh of BeRAckhRbdt vEbstrate 100. In

| ayers 115 114, 132 and_134 may gch have a thick %ﬁntjs

i mmmbr,rva%g@ayae omshbatsgliing s {aéefélb Hen BTRCTHFTAS AEscH
X8R0 ré’64p@<ﬁ%ﬁﬁx9 €0, Ciifﬁé BOR coluhgh $NIAK més)s bPEhedded milling

con uct|Ve ayer 4, 132 and 134
APPICE. nﬁ«olwwnmnma@pmldems@s [ 164 aFoeldeghfg dntgoonnect

tﬁg% R, 's%mﬁ?ﬂ&a&@'i@fa&f 16@311%%@%&&9&% Akl Gh@Bk fals 152,
m crons e remal ni ng leCtric |ayers 122,
154 and 156 for receipt of solder balls from a chip and PWB, respectively.
In some embodiments (not shown in Figure 1), interconnect substrate 100 may
accept a “flip-chip” integrated 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 100, and reflowing the solder balls in a furnace to establish

bonding between the chip and the substrate. In this manner, the contact pads are

10
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m crons. The various |ayers of interconnect substrate
100 can be stacked together and | am nated usi ng heat

and pressure. For exaqg all of the | ayers can, be
distriblited nwerdl gntireaehimaiaee wmhth@aleqangﬁqﬁl@ﬁec} i the RYFIRRG as In
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$14e 0] B@rddiRecBhodhlene 10, or by chem cal m I [ ng
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164 aFi€gddea cross- F“ﬁg%‘fai Sfngey 1Lise fﬂfina‘ffé Tﬁé%ayé&“ é“r"““e“
RERkse 268 1Rt 18mdmBYayeR. M8 hkinadhise deitlR saert 204 and a

pads 152, 154 and 156 for recei pt of solder balls féﬁﬁand
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%@&mcmu&w%ﬁm@m 3156 cQRMEei21gubst rate 100 rray

accept a p-ch |p integrated circuit. Flip
mount M@@l éhnmqa@dmlﬁtqmigmgcoqo@mom%pqtgmé ﬁredala}néteé Fo both sides

t% g&tenI P cft] hﬁ&uf‘e%@ M@ﬁbse@eh@}p 8udhBaCIAo P2 AN Ak ddrilled

S on a substrat such as i nterconnect
randi ullemeilO S¢edamlalr(e¢tlsbwwrﬁgs appbediolthevialgyihrongh plegtroless plating or

ce tq establish
B\bt‘gepp%{)rec e%caﬁ;'apor (ri‘n?n Hoﬂ Q?%ﬁ@% %ﬁtﬁ glce%éq gs aggé]&/f? th%l%hten@trolytlc
QﬂaﬁgsCﬁmhuyﬁﬂnﬂh@ﬂmﬂhﬂdﬁmﬂhceMMhhp1$Mw$5@emﬂaﬁ%éﬁmnwdby

bsgﬁgz} R éec a&e{gggg d 49 e%ggﬂ:g %H %Hda%scltﬁ %n{rp%sﬂe material are

ABerAahiskl to bdth adewoﬂtmmmmpheuctm Blifl winsi244, 246 248 are drilled.

power/ground termn vai | G4 be rease
s‘%ea%alptahﬁ aep ARG D ufoBAHaR R B R 28, 208
efd inch RRhbY ihfSeh SEn@Rd teBRriGIRE. pBrotebﬁveSdmmhgizmemd 264, are finally
recogni zed by those skilled i

o e p SETosE 58 oo aT AL iype ioad Do e omac

gﬁx s&gntain additional layers including enbedded
apacitor layers, conductive layers, dielectric
| ayer She aerd layre21lj géghe qapaciter shuefyregpasshePrngd Py AeRing a high

| ph& Cf/ru%)ﬁgt%ﬁ%l RS Bf Bt St £13Vdnd QeJoﬁH‘@JndetﬁJeQQ}Iefsl 122004 and then

conductive Tayers depending on the requirenments of the
fapplyingihettend pressie tortedinkte capac1tor structure 210 and to cure the dielectric

layer. First and second conductive layers 212, 214 can be formed of copper foils, and
serve as power and ground planes. Conductive layers 212, 214 may each have a thickness
of up to about 40 pum, preferably up to about 18 um. Core layer 211 may be in the form of
an epoxy resin loaded with high dielectric constant particles. The dielectric particles may

11
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Figure 2 is a cross-sectional side viewillustration
of a nulti-layer interconnect substrate 200, having

waRoosoeat | ayers. The substrate has a di e attBChUS2004/013158
» ~surface 204 and a board attach surface 202. It al so

i ncludes a central capacitor structure 210 with first
and second conductive |ayers 212, 214 and core | aye
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dielectric co teria e.the

S ERTL AT b gt et bt AP ey R 3 15,
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ol | owe u et a ui r l.rcultries

533, 2393 oabeste Fids ‘Pfd"'Fﬂ%?S CHHF Hu%rsﬁﬁfg Hhifdion ﬁ‘iﬁ‘ﬁ%k‘yﬂ 232
Bt @r86d bMtRediORE didWicd&Aicagkr aﬁzlan@mrtﬁ digRk Y 1:38P2366 Fourth
and patterned to expose top contact pads 252, 25

e B SRR S et i agc g 224l i diclea i layer
QZSt I@@n&&ﬂ?ﬁ Ghd Qlcott SdBEHE 1B 202 2ﬁ@ﬁﬂﬁ%fﬁl§’g(ﬁ&@ﬁh@ﬁ0@ld

|gh dielectric material on one or irst and

sdanssdhicbind fewrtheonfuggize layors 232,234 ma fe priterned i fapmriignal layers.
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and to cure t ctri ayer. First and Second
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f v QU
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isFes ERE G PRI D2 A 224 P & Biokspein the rane of
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typically formulated such that, upon curin i.t has _ a
t Gstance gefreemicrriasyriee of @9% cwﬁlaﬁws laygti) andgn inner surface of

aﬁ@(fh@%&&%ﬁ{ 2’52813 f@s§{hgﬁl oAl f’OO rHRfo%s PAE Bﬁ)&@}%}laﬁétabt}f 89 than or
about

t o about mcrons. |In ad |t|on
déqmhlge abdut 88 omqyorssi fTée eriaus layers lqatsb@lamrgtﬁdd@@lﬂ@c t1y4 gingle step or

¢ %Po%%ﬁg geq%];nt%! glﬁfd%{p tﬂ%? Ié‘xample, prior to lamination, dielectric layers 222, 224

can be coated onto conductive layers 232, 234, respectively. These dielectric/conductive

layer pairs can be laminated on either side of the central capacitor structure 210. The
conductive layers 232 and 234 can be patterned to define signal traces. Similarly,
dielectric layers 226, 228 can be coated onto conductive layers 236, 238, respectively,
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or equal to approximtely 12 and, nore preferably,
fromabout 12 to about 150. In addition, interconnect

wa@nlsiowse 200 i ncl udes second and third di el eR€T/US2004/013158

| ayers 222, 224 on opposite sides of central capacitor

structure 210. Third conductive layer 232 is forned

bet ween second dielectric layer 222 and fourth

diriet wdemingtigngy Bhesp diglectrigigpnducvariayss Pritsecan &y damipgad grsto the
Cr 1 236,

P SRR PR LEeR Rt R TR SRl e

@éﬂmwtthané)elpamad 212, 214 may form power and gr ound

pl ane t hi oJFIA o I »2

ay bat P oo Bk e LRI e RS 0 ottty

dioeitienddran®ppesite sid@PE cagacitor stactue\280 td ilmmdtecmndutaﬂ iniformity

ayer. fift |eIe ri l,ayer 8is
o0 R SR TR skt fte e th by B el sty amay be
| cay@rusted 3®thaZa8h hasrthd@nfeaypead nmml thihmatatad@r phyedrtkeraidtand

an 28, respectivel an atte.nedt efine .
hdeS PSRBT eSS fb pePh TP u o Grrah Falieggproximatcy

RIGe410 TR radREd uleesr%fem& YagiCaali e CTH oftle bihed 13 fare

abl ati on. Thus | aser used to formthe VIaSIS

aﬁﬁb%ffrr@aﬂx eualy rhafe y gﬂﬁv%@eﬁp@h@éﬁ@ fnifpigiag Wagp of the

GRefdateMBodvdy @ider BSihal &34s. 236, 238 all may be forned
from cop er with a thickness in the range of fraom

about Fsr @ ingerseRneqtiPn{gGTeEcA fEbstrate £Q0 inFlaflesagBmbenpfout
]c%nﬁﬂcﬁ(/@ﬂ%, sEERGH bﬁ’tfxeddchl%'u@?%ﬁ Q@O hay %&h%?ﬂ%nd t%% h%@ectﬁc

may have a thickness hé range of from about
tlmveaso%QGt 22A@ndcentam §01mqtlve|+®reés PR ety which impyey cogect bhnd vias

'%4‘4’ FORS ot WS attdohl &rﬁcé Q@ﬁ&gjllgﬁg‘gﬁ%s i 1RYofld a%t?gﬁc &‘fﬁ?e 202,

rst conductive | ayer an’ I nner surface o
ebsmttmekya [Typiotyablind26as drs formedthtdugh onlyoue dibBotrivilegeoans! are

r ef erabl less th u u 8:: .
PR GREEnR kSR e O fle PPl RPN A ptectr
I1ayed Howgdee biihé piaotart Hmrfom@Id that sﬂqmbﬂﬂ:augh a lplordldy oflambated
| ec ers

xanpl e, prijor, .to at.i on ri I 22,
Ta P RouRE L BlE bR Rk e i Ay Se 58 Bach of
res agﬁﬁdtwe layers -Ebélebcepaﬂﬂeﬁie& a4 feqﬁdzfedp?ﬂmay hw@sda@ylﬂfndpfiﬁs IS connect
can nated on eithe e of .the cen
R e R Ge Brrsidy bolpie B ARG i Ay Boded i, gl
Z8fctaRN FoepRat hel feehd AstdBftion®ufédmaugh FAs 240, 242 may contact
Simlarly, dielectric |ayers 226, 228 canbe coat ed

ey fgranductivadlayesyid? er @S‘G“d opnductivelapaifvel y, prior to

| am n@thln@ Rias Ilme §@6 Qﬂe%%sd 5di&ckmab @Mﬁéc‘t ¥&is128Y X548 kSiving
can be lam natéd on to the outer surface of conductive

| salfler alls gt shravm) Gam & dipattachagdde {pterquppedt gulpiratei20@ The solder
ll%%l?%r@ hgzﬁéi arx%%%ﬂm tb lﬂﬁﬂl é@é%trfb@ﬁ @Jnﬁ&give bgn(#%% contact pads 252,

enmbodi nent s conductive | ayers are anced

1256 and gywipgtwalba}omyected to vias 244, 246, respectively, thereby mterconnectlng
I/O’s on the chip with I/O’s on the interconnect substrate 200. Likewise, blind via 248 is
adjacent to contact pad 256 to receive solder balls to provide electrical and mechanical
connection of the interconnect substrate to the board. The solder balls are heated and

reflowed to form conductive bonds with contact pad 256 and therefore are electrically

connected to via 248, thereby interconnecting I/O’s on the interconnect module with I/O’s
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positi oned on opposite sides of capacitor structure
210 to pronote structural uniformty and resist

waledosnm@Bt on due to thermal stresses. |n partiBOl/@82004/013158

conductive |l ayers nay be constructed so that each has
the same type of netal foil lamnated or plated
thereon and etched into a pattern across it; the netal

@@rﬁh@ethBatTih@ hlindrand ered wgsepressat migWapdicERrnegnal pathhgier
rPhiut o SmPRIARG in u{té}sorﬁlés&’lﬁsu@ﬂé%{) ayer and the CTE of

t e othe ayer are substantially equal, thereby

baIanC|ng one anot her and mnimzing warp of the

interconnect_nndu!e under quﬁggi stress. For I/0O

i nt erconnection, intercon strate 200 includes a
nunbe Allgferceota,duatidsi and ambarss ars by et tnless ethetvhisospgbifivd. a
240, 242 which extend through dielectric |ayers 222,
224 and contact conductive |ayers 232, 234, which in

tLla tnatéd cﬁé:stcogﬂ I %ncgkr@ﬁsi%;ﬂie ec%-1406mat@1t1altwt3>‘?e %h&‘e ﬁtfgalﬁﬁg

sur ace at the board atta

chfa%%ﬁa%(}%am{e%§ Péiﬁ)tg N SlOI)’lﬁ)irﬁc%sl ($0-1 4+afladié ASmARBumor
orne roug d

one |electr|c | ayer and are use
flod., Taydj aga @mwmadnh? divest Q6 eum) teee d;smes@é m‘c@/ 800 gglamethyl

\Fﬂﬁ'ik%tgﬁer@iﬁ?e Oflaglte?fé)d' ex e:][jlpglhﬂl%ﬁg I ur a??omlopp

ltEfdenay€iné GYRAS— beilabin fient Aldribi Cmmcaimd Mwaxﬁed: am) s

g TS arbobise R R bRt HE s e i worer

ars an@wie SBiardispisiondvad irefiixt duieniiecgendd) 24Cieniks. After cooling,

conduct i rs forne bef ore. the. remai ni ng | ayer
PR ltab e DK B Boumes by Boradisy LAtiqag R afbforefor
OFtfeH ABbudl 566 %bﬁ‘dtulaﬁ’eﬂ(abdﬂabl%d‘rothM&ﬁbn&é bW, 814)2w£§3a)dded

contact eit first conductive |ayer 212 or secon

cAsitad eree g halfyed thesplyentdyjtaigry vaRoration, a@g‘gﬂg)rgeofmdg@gaal toluene
g\ga}saa‘a@éat AfRr ﬁﬁ’é"sto%ht ReRRgE e s1120§4.‘11§cp91rs1o§1@19 il o lde kmall

(not shown) from a chlp attached to interconnect
sutnsn (i €6P OOV EKhbadspodid cowentiof SHpe heat ed and

reflowed to formelectrically conductive bonds with
contact pads 252 254 and are electrically connected
fge » o (ferT iohy To theabetpysilica dispersion, 727 g of

rc} . 7 5
a@s%%ﬁ%‘@%fesﬂﬁan Pt QBBE?E'iE’e%N‘?g’eQ%%WV. 45 HBozotans-
am ia0esltyltw, slgnt 58vitYpatid 26@ertcavaibabid fvem Polderenied] omipany,
A oMBEe a0t B SufBe e nbRiSRRRE daiadin filpinea
ar@nped ﬁélgatﬁd dfs@efr(bjlﬁﬁﬁdh it ?hrf'lﬁg ﬂm&ﬁmmtl chte@ sTthc’n ﬂHexthﬂant were
cont act 256_and there e el ectri .
R st e Fagunt O @Péﬁg)@ﬁ‘?@ SiRLadden &Y e &liga o
tfi§etsiiner connect nodule with 1/O0 son the PWB. The

bl i'nd and buried vias present a | ow i nductance signa
pat h, further

Priming the Cu foil. Copper foils were treated with fresh 1% vinyltriacetoxysilane

(VTAS) solution in 95% ethanol. Alternatively a 1% aminopropylsilane (APS) solution in
water (available from Aldrich Chemical Co., Milwaukee, WI) may be used. After the
copper foils were coated with the silane solution, they were baked for 15 minutes at 140°C

to 150°C. Table 1 summarizes the copper substrates that were evaluated.
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reduci ng i npedance in interconnect substrate 200.

Exanpl es AUpercents, ratios and anounts are by wei ght
waii0s®61961 her wi se specified. Lam nated arti cl eBCT/US2004/013158

contai ning conposite dielectric material were nade as

follows: Silica surface treatnment 900 g silica (Siq 2)

particles (SO-E2 available from Tatsunori Ltd., Tokyo,

Japan; average particle sikadleh 5 nm were di spersed

into 900 g of nethy, gt L,f@ en@bitdis - avail abl e
fromJT Baker, PhilTT1ps Ay
Tl acgt oxysi|l @neFo(lVTlSﬁ surfama ICALUERAES G Atedibeh | Comments

5“"’00 ,tthhMJk@pﬁW) V\Hgatmtad“ After st rri_H.g__——
at-Toomtenperature|for aboufl5 m nutds, Maogs of Gray
dSi R EFIPE wat e s | adegdow’The Er€per si OFP TRy efla%is@(ﬂance
(e Al Rpdkinghlen for 24 hours. |After codlifvedaBout hal
—of —theVEK Was renoyed by vacuum di stijl | éﬂﬁfﬂl\lsw t| ik reddish
r ot lam gomPapor atQh, [hernabeul 50@rg of, t Glewdere, earance
(1(hpv1aiA1é2b¢1<en@rotr5nqlEM $ci eﬁygle, G bbst own,| NBwedar) a dad
-After—renovingtart]of The salvent r ot a®lm Peelable
e\mxpﬁt‘iaféﬁTGn aBowm 'OO’G@’]GF’ lddl(gzélnal (Notwedh e Wgs copper
gdded. Afterthis—sgtvent—exghange, tHe Gad Mitsui /S’eelable

| sReasMiBui n tol ven iinedgml || (BeBck Falls 109
ofﬁ&a&mﬂéd A solf]%il cc}%t%g%?ﬁcf 333% Cor$posi1\ne copper
Di el ectric—di-spersi-onformuatEph, i@ [he Ghave silica
dii §parsCasil 1218 guof| Sendimdnad  BRibes! ®abifilte, OH)
Experi ment al r‘\./(,‘L(:f!'._.“._ st XURIW T 148,21 415-

itdwyl ene, abou SO, yail abl e
H b eng, 20014, S oobih corteetl s
After stlrrlrn, a_copposite

etectricydi b[eﬁfnSI on V\E@’opper
Oq%?ﬁl rpqgl nf dl Vér?(kivvl dCsper s Wo%w\ﬁfkt bT) Bond Finish

varyl ng am)urgfscugflt eat ed silieafH+ef—content were
gr epak HdiniRpeladltj SRy t he anpunt of toughened B
rat ﬁgcbrallng @uidedst: HetifFeil i triveeWilne prkaliond B gAB@ﬁ%‘L&’”—e

QY 11 for Pgﬁ F?3%£rdsf lgév kn%ﬁl r fiak @ﬁixﬁldlm\lﬂ)ﬂ foffler \e@hon](%) < 5.1 pm;

OXYySl | X 1 9% 0935% @ibnRadl foils follow
Ahwdemmeefic v Py “’§<f‘?f (lﬂﬁ*%ban S')an 9 QE%Q&AF% Eiﬁlsol ution in

Wad BC stnaardi | abl e from Al dr| ch Chem cal Co. , M| waukee,
W) may be used. After the copper foils wer e coat ed

wWth the silane solution,_ they. were ed f ed
rerarsm caz_ztzrmzl@e:cmp%&eé@lecqﬂﬁﬁrsaefi“’% 8 S epuedo rgt??the prime

r%gr éugs%g raal%n 5 & Ryl BatBNaald et e o afalbeathreSa thearyee of
l‘pr ? L?O rates

about 90°C to about 150°C for a period of about 5 to about 20 minutes. The final film

thicknesses were controlled from 15 to 38 pm.

Lamination: The coated copper foils were then laminated with VTAS-treated copper foil
(such that the composite dielectric material was between the copper foils) at 177°C for 1
hr, then 235°C for 2 hrs with a pressure of 800 psi (5.52MPa). Alternatively two

dielectric coated copper films can be laminated together when thicker films are desired.
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wokiaoso019s2 Gay (30 mm Al

Cu foil type tChiuckFnoeilss Cuprsu [

ofrifla
Ctruesaut nr f aencet Vendor Cormeﬁts 5 rrmcoSg:r
backing) 5 nm Very | om@r/08
(Perstorp, appearance Sweden) 5 mm copperyl\/letfoi I smmr013158
Pink reddish (30 nm Al backing) 5 mm Very |ow Cr
(Perstorp, appearance Sweden) din Peelable 3 i
pQ;FAaheaomsv peyPekbadh@igipstinmBoRATIE, 2°¢FY 1 %%%Pg%ne‘g grslon of

I%%‘é?l\'ﬂ e{s%%d alﬂ{lal Fi@ﬁh@é?/z%ni 2‘%&§ S‘@éﬁgﬁ'ﬁéﬂjl_\‘&etalhc Clad
1 PhihatdsB, mﬂﬂeﬁio’ﬂ»hﬂg lt]mb?laﬁniaEd co\pgep{dlé?g,qua c%tBNYggg,t gpgpgﬁlémmate

1(&5% %tgslt %;@i qu% ?1{111 g?g% %ﬂlé?ﬂ/ﬂm %41% xﬁéﬂi é“l(rﬁ%@ﬁ‘inﬁked t0 6.5"
43"(21%%/@5 ¥m ko6 &n) RingGamkpredision seiple > cugtey madsky BIFiRg
I8 <, 1y2004 0 @%%ﬁ&qﬂ p%éofgblr( :’Iﬁl i gtzwﬁff‘)fe%ﬂ' tﬁé—h fr€ssed onto a 6"

A f
@%ar PG ahumldSAl fiRef dh 2GS ERONEY terrsdf: Fegtgbhsﬁ% ﬁlt % 326 1"

(/cévputalﬁmnx gﬁ% )rn of% {\/Ils e qgﬁ‘ﬁﬁ%wgwtagg;@r}%ﬂﬁ bPink .té%f &frﬂﬂleewas

% cf an\]/d%ﬁﬁlor : léllﬁl?gd Siktd ﬂ@&ﬁdifn{gl’ @bsshead h@be Rebteg_to)v@ c[amducted at2

in/min (about 5 cm/min) ﬁxed travel speed Peel data was collected at 1 Hz sampling rate

and data averaging was typically done over 2.5" (about 6 cm) peel distance.

Properties and Results

Table 2 shows the CTE of the composite dielectric materials (containing treated
Si0, as the inorganic filler) as a function of filler content. Measurements were made after
coating the composite dielectric material onto a liner and curing the dielectric material at
different temperatures for one hour. Measurements were made on free-standing films of
the composite dielectric material. The relationship between filler content in the resin and

resulting CTE is almost linear.

Table 2
CTE of an SiO, filled dielectric composite material as a function of SiQ, filler

content -
SiO, Filler Content ‘ ‘ g CTE ' . TR T
Wt%) . (ppmiPC) A
‘ Cured at 250°C" |, . " Cured at 300-°C
0 85 67
16 79 54
38 61 42
60 43 35
75 28 24

16



10

15

20

the I PC standards. Precision coating: The conposite
dielectric dispersions were coated onto the prined

wa@op®0198Di | s using a knurl or extrusion coat ePCENS2004/013158

dried at a tenperature in the range of about 9Q0C to
about 150Q0C for a period of about 5 to about 20

m nutes. The final fllmthlcknesssvverec ntt.al | :

f T OMIABie BaloB@nems i steBtReEd b SIHIF HOH gé@ fd%g‘icm“
were fhen | Bi¥h ARt Adheabesd dbpp@erabﬁemlanda,

C(Oglﬁ’eﬂtetrﬁa&?m?n}e%gg‘%geggnt%e gge lectric materi al a¥va function of
8&1&\@@&1&‘15 adipoiopdnta fiori thesYiOa dielpetyig COMBPSIE MACTIaL Py

235 for 2 hrs with a pressure of 800 psi (5.52MrPa).

BelHElSy two diel ectric coated copper fil e, Can na

be I qm}fggbledfmagﬁﬂhmhmmpet gribetkates, parfiphlarky those substrates

desi red. Peel Adhe3|o (=X édﬂﬁ%bﬁ)ﬁbé]ﬁﬁéﬂgﬁ@ In
thickness fres Hhar o Hab ?F‘gnef’ 1%!&?1’1105 versi on of cin
Bis JMahashn o’feeate&/sidadmm@ampom miséarials to cqpper foilg each of the

&
trength of Met al . NGenerally,
eSS LR E B KR Genesty

@%ﬁﬁh X%B@reiélﬂgsdmdﬁﬂﬁ @f 6Kdr iiito ti:, tBrighenetl ]Q@B Tes{rgp g pegative

then were further ] -
bff¢chbo adhegion ngoppyr: She ecug%%‘@neg( plgﬁeﬁ%fsg P%i%nés‘ gnn%era 16)

C ut t4&f ﬁgﬁn Qpr;QP WirPdedA O&tain dilasd pﬂtnﬁsl sucGasydifys and APS are

@fﬁo@nalngmgdqvmmopper gﬂl@ﬁ%oH ﬁhél\g% glgr%cﬂc\)%\?%P8S1% ﬁndg{]rfﬁ SiResult in

! B iBgowr Gn bdhexivd fail(mbmade.
f5° % 5%5“%%5%@%:\\}%}&86%%5&%? and VHB tape. One end of
t he test sanple was lifted and securely clanped onto
the moving crosshead. The peelpfjest was conducted at 2
infmn (about 5 cmmn) fixed travel speed P
V\@&la@iehéhﬁﬂieﬁdeeamnﬁWech&@m iy gontent of 369 : e OT 110
was typi call Ik p @naqqmsu@aee |treatrnent)
di st anc 9&4@[98@%2&%&3{%%% e 2 shows the CTE
of the con‘posn te dielectric materials (containing

treated Sig 2 as—theiRor alub‘IIIIEF) asag e
ofE‘illell‘é}fO“&?ﬁf‘EHFB easur uté)‘msnt&ce:ﬁ.er e. ned a(ﬁ;s(ggf N,,?f,?,)

coat i ng tWe%Donposi e dielectrie—rater] ai Tt ner
and curing®he di el dctridSu df_Qﬂi at—di-ffer %).g?gig

t epper at ur 68 for one hour'® 39@1 Urent slwere FReE g
frige-standifdig fil ms |of tHE MRl o dilal cetpfd o
maferial. The rel atilonshild wsed el fi1llbr con é‘? A
theresin and resulting CTE is alnpst linear. Table 2
CTE of an SiO? filled dielectric conposite material as

a function of SiO? filler
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content CTE SiQ2 Filler Content (ppmiC) (wm.% Cu
: re
at 250 0C Cured at300 0OC 0 85 67 16 79 )54(38 6/()1 42 68

wd 3003501932 28 24Tabl e 3 docunents the rel ati onshECPUS2004/013158

between filler content of an Si [ [
_ ( g 2 dielectric
ggggsltet material of the current invention and

ion to copper. Tables 3 agd 4 provide specifi
adhes! on data for t_he Si &2 &éﬂ tPi C corrpoFsJi tlefI :
A %ltgggr%ib%as'hipgﬁeﬁﬁeeﬁl%ﬁie{i Q), Hilef ddutedf oflaahelbditic toemmkite material and

s rrar's to thin coppre1 bstrat es

" HcE TGRS

febfoBe(Zanelaton (SuiH Oui alithinum backing

- co] Y g4 LA

t SS—v & |
i LERNI C. pgcka i .
3¢,<Sﬂ©LFmagcbgtentn terms,Ql f:;éﬂ i,‘onpcfn t?ﬁigmﬁag
0 R el S ﬁ/ﬁ) copper fipy/iny N/gagh
s i SnoNEes; df TTerfent paesl; 0.75
i
t
t
b

han &5 mm 1o = o
—o—M—1SHhecugu 1T 0T

strengths and-adhesi-en—f-aitré nodes—Gener gl
ncor por attPon_of i ncr easi AP Hint s ofl £itd arbr
bughened 7BCB r esi n| has a bt ve ef flect 53'-9455%;&—;»;
b copper723he effect of s1.0/d¥s (type, thi 3154
IKIg T emger at ur e) | var i ed2.5r.4i fferent cop@e/0-14
sgrfaces. ggertain_s| | aneNgidereniseduch las VTAS @nd AP
are—ef T Bgber IsRnph Rl AV haleCopper aaiiesi torpet gromiipyh be sbout 06
'dlétg'l Zoctlli\]l/rgm)coyrp05| te material and result in a

RESVE failure mode, which is mugch £ enkedio i
an adHEsid SOr apbE e STEBT & Yhela f ek e g
Qﬁgiﬁa&ﬁ&adi(&d@{?a‘dj.l I er content of a conposite dielectric
mat er i.a] . and.; AdheRiORe Bpel Srinte HTGiEaBRE (BrifiZim Bpenipd side) is
qu?;igggesulr: alcestreat ment) Filler Content in BCB Cu

s Pee t rength .9 '

JTC foil 2.8/ 0.48g (w5 (Ibsfin INm) 018 m

Table 5 summarizes key mechanical and electrical properties of the original

unmodified BCB resin and the toughened BCB starting resin compared to the properties
of the treated SiO-filled toughened BCB composite resin system (BCB-SiO2). These

properties include the isotropic CTE, dielectric constant (Dy), dielectric loss (loss factor)

and the percent elongation to break of the various materials listed. Dielectric constant
was measured at 9.3 GHz.

The dielectric measurements were made on free-standing dieleciric films using a

known split-post dielectric and magnetic resonator technique. The thin material or film to

be tested was inserted between two fixed dielectric resonators. The resonator measured

the permittivity component in the plane of the specimen. The split-post resonator is used

to make dielectric measurements in the low gigahertz region from about 1.1 GHz to about

35GHz.
To have a higher elongation (greater than 2%) for the dielectric composite

material, it is useful for the original resin to have elongation higher than about 25%.
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60 18 M JTC foil 2.3 / 0.40 70 18 mm JTC foil 2.3/
0.40 75 18 mMmm JTC foil 1.5 / 0.26Table 4 Rel ationship

whedosper3ireated Si OMiller content of a di el eptT/US2004/013158

conposite material and adhesion to 5 mMetfoils (Znc
rich surface treatnent) with a 30urn al um num backi ng
Coated side Lamnated side SiQ2 Filler Content peel

(W . 9% strength peel strengtﬁﬁl(—lﬁ-éslln/ N nm (lbs/in

/ 4, Y/ te/material
0 O Dodtins bt Bmpen Q & thdlec%:c:(g)n'ﬂaoil Ima e
0.64 75 si& 0. 44 0. &CTEO. 14 80 t Het LPHi ned E]oﬁ‘gailon
the cBBEHAN s unprigmonaed the fillet da#PEnt] i s about—

70% Ok fRalBEB _strengt 5owi | | e %\%ut 09918/ iin( 0 1o

encdT5aE €65l de” rasfers fo THh@ cnp;f)eQO1§urface%5/bn
%hgﬁﬁggééﬂgo& te dielectrjc dispefsion was

rgiTag;fy” coat ed (and. dried). “4oan natelo®i de" refers |

AQB"ﬁOzW RSy face 3,0 whi ch ke dii ed.062 el pct r3.2% |
(

A—the-coated srde) 15 fam nated. Table 5 sumari zes
key nmechani cal and el ectrical properties of the
original unnodified BCB resin and the toughened BCB

start S1 a6 RAPBS4itel @8scibtidrhigerein are to be
tr eatfégﬁg%ﬁcﬁb? @ﬁ@%ﬁf&ﬂt&% w;%s BCB co1 osi t 2 reSiN oo fimit tho
$368188 o BGBusHa o) rathThibsrea ysspEYLNEFES, e trgaoipignded

isotropic CT t Dok, et fhb ot
oLl P9 STl RHSEH SRR A Oh g veion

AfcrddBearaithet snoditicatioms] chahges redrangiradnés sylstitupionselicppatives,

was neasured at_ 9.3 GHz. Th K twSthout
derien dhaskes. g FRBRU e GiPR i B Bt BE o R TR L hou

00 PRl G a8 e moiomynistine Pes lloing claims
Thus,rlltI 12 lljn?endecllq gla% tlillze ?ollrg\?vgnegrcllauns 86 m{erprgge& © embrace all such further

modifications, changes, rearrangements, substitutions, alternatives, design choices, and

embodiments.
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be tested was inserted between two fixed dielectric
resonators. The resonator neasured the permttivity

waeeowpomws:r in the plane of the specinmen. The spCT/USOE013158

resonator is used to nake dielectric neasurenents in

the | ow gigahertz region fromabout 1.1 GHz to about
35GHz. To have a higher elongation (greater than 2%

wWies it Cleintkides:ect ri ¢ conposite material, it is useful

for the original resin to have el ongati on hi gher than
about 25% Tabl e 5 Conparison of material ‘g erti ekaiggﬁf said
conpanent g ddlecarickopipesitermaerind aBleter g by PR E .
CTE Loss El glg,nsalancBQ&eﬁamc loss o
opmpsits TR ggﬂ%%‘%%ﬁ@%&%@%% R YY T 25%
(LQUSHAEBLAD REEME porShoske Dabrid itehading DORhengthenzp OF s,

filler) 32 00 1RO phrtidvddt
efie af Mﬂw‘ﬁ’@mawg{ Eﬂ’é‘%&‘i‘% 7504) e"%‘%g‘ﬁ%tk ?tc}%ﬁt g%gﬁﬁgar eﬁt 0 bee
#8920 RMini aAd A fillel bisig @hipaeblizad h}eme@maﬁ a gompafD 1z AENt

manner, and are not. i ntended t tion to
fehrgteg Aront ¢ aTRFtRo? HEPCLTRE ae%?aﬁn%od 41 “f“gglééd&%ﬁtn t he

contrary, the invention includes any further
modi fications, changes, rear.ran n Lith@ns,
al t e2nat i vediclegisiceipestipisgal aﬁﬁ?fggl i gﬁlﬁyegﬁéé appar ent

Eegﬁtcb of’o%uf%? Qi @ga)fd Sltdrlate domphiitlizudtby meahhofa silane coupling
8P romt e spirit and scope of this invention,

agendef i ned by the foI |l owing clainms. Thus, it is

i ntended that the followi ng clains be i nterpreted to
enbrace all such further nodificatj ons, 2“% re‘insald silane

r ear r angenkiicctridomppigmaas! acsprddea £ a% §Es .
choi ces, d.e nEkaédRtirét ihe]grou@ con51st1ng o
Gre ’é‘&?g?né?'ifgﬂ%%oél?}tng&%%gwgl&al glﬁdl table for, use in
%E%ﬁ&ﬁx%‘ﬂhdkyﬁaﬂ&ag@ﬁnms&mdf%@ﬁpl@?@ml@nﬁﬁloéﬁﬂﬁ?e havi ng a

di el ectric const an sfg tﬁa‘é& about 3.5, and a
dhenydigimethoxyglane, 8? Y'han about 0.004, the

conposite materi al |nclud|ng a toughened

benzocycl obut.ene resin, Y0y RaH baid Beast
by vve|4ght & diglectyie.cuppoy ’ﬁeem%ﬁ%arlgggr??@ %{é}rtl culate

n?cfr i @A G seleeted Iﬁ’oinehe b gorsisipge! sHice ZAdymina,
% of a conpatibilizing agent

glass and quartz.

5 A dieleciric composite material according to claim 1 wherein said at least
one inorganic particulate filler is a particulate silica having an average particle size of less

than or equal to ten percent of the thickness of a layer of the dielectric composite material.

6. A dielectric composite material according to claim 1 wherein a layer formed

from said dielectric composite material has a thickness of from about 0.5 micrometer to

about 50 micrometers.
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sel ected froma surfactant, a dispersing agent, and a

silane coupling agent. 2. A dielectric conposite
worios/o®B2 according to claim 1l wherein said  PCT/US2004/013158

benzocycl obutene resin and said filler are

conpati bilized by neans of a silane coupling agent. 3.

A dielectric conposite material accordjng,tq claj

wher @i n saidibleicanmpesigphateitl aFaTnE Y FFH@# e Sfr?br%%‘ggs o

an ditiopal, si.l h¢ s dhBgorgiodonp profile copper ot &

fge &gﬂ??édq (%?le%%&%o?ﬁée@%ﬁ% hsi | ane, i

186t Wolif 0. PENHMxysi | ane, pentyl tri met hoxysil ane,

phenyl tri net hoxysi | ane, and m xtures thereof. 4. A

dielectric conposite material according to claim1 ¢ one

wher & n saj dlspaisidneasipriomes ionghagah banzparloprigheiean st (98}

is selected fromthe gro ons Sk farSér daGal to 4.0, and a

inprgain Rartigllafe gﬂgﬁ)ama%gldfeg&:ﬁ%_ dg%t%ft lglf]g?:sﬁri c cdcc)lrrpos‘i te

JBL&LE 8)ss SCIE@MEHTIPOL a dlané couplivgregent; AndsHRen-Ralar|seRyER!

one inorganic particulate filler is a particulate

silica having an average particle size of less than o

eQualjg 10 LefisReiGERboing theaihs sheresaidiingginiyptigate Eter
t he

i'electric conposite material. 6 ' t foh&sting of
omposhcdrensd Sthaisilare cOrRIPEGEeY SUPATHT @1 \%\H? ?rng‘%n “a SR O
| ayer fhRMisatdtysiaab eciodnglndnethesistiaenandgnixares
ﬁ@gﬁgﬁ?ﬁﬁgﬁggss of fro%1about 0.5 mcroneter to about
Bereot.croneters. 7. A dielectric conposite materi al
according to claim1l wherein a layer fornmed from said
dielectric conposite material has an adhesi t
profil@ coppipersibn atcotditigste clipp &WVhgTesks m—poga.r S%V!ﬂ&\%
di_spersi on conpr i si: RugheRedee) saT okl thewef.
F@@gﬁiﬁﬂP%ﬁéggﬁcgﬁgaﬁ'g?ganic particulate filler
having a dielectric constant of |less than or equal to
4.0, and a, dielectric, | - L L5 Gedi @R cBnddBive 1@yer, and at least
siIanélcouﬁPF§§m§5@%?$%%%§mgﬁ%%§- arar sol vent. 9. A
S PEESH Qe Qe otippgtetmatedahlamigivhibereion VBHP Y spiftGredesfticc
particulate filley has a_surf LEA 8%, Wid Ndidle&tit BSOS less
coOmpPsiiFgRaEEh %gﬁﬁﬂ%s%ﬂxpggﬁﬂgﬁgmgfgﬁ%_consisfing of
‘;thméﬁoﬁé RO UShaRedielvitiy bampeaitematesialiincysles a toughened

octenyl tri met hoxysi |l ape ] 2 12 8f at 16h8t o
diespesy slobiHeneded &P‘% éo’%l&g‘a‘%‘é ?%qg %vé%‘ tet r%e(l? 2?’2%?% non - pol ar
s9 r\é?ﬁlﬁ I SioSiek BRLeshid Feoimahi exi@inotgpnicpagicelpierflepbeing
nesity gne, tol uene, and niftures t her eof .

compatibilized by means of a silane coupling agent.

12, An electronic package according to claim 11 wherein said conductive layer

has a thickness of less than about 40 pm.

13.  An electronic package according to claim 12 wherein said conductive layer

is low profile copper having a thickness of up to about 5 pm.

14.  An electronic package according to claim 11 wherein said package

comprises a core layer.
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11. An el ectroni cpackage conprising at |east one
conductive |l ayer, and at |east one |ayer of dielectric

we@eowposiose naterial | ami nated thereto, wherei NnPCRUS2004/013158

di el ectric conposite material has a dielectric
constant |ess than about 3.5, and a dielectric |oss of
| ess than about 0.004, wherein the dielectric
conposite material includes a toughened

benzogycl 9 183 e ARErdidQBCRES UL WhERn saidadetiyer
75% bfy:/é‘/vvei}glﬂ%lgdglf%ng? I egest orne giocn,or,gani C

Cc particul ate
Eorthprises a palymerselspind S thagraup eRosigHRE o 1‘6&’%1%? BP@“"JS’ and
filler beli ngfscorrpati bilized by neans of a silane
POMPHARBOEEERt . 12. An el ectronic package according to
claim 1l wherein said conductive |ayer has a thickness
of | ess than about 4 . |16 Gl k@Rietn bR giGeast one
accor fi-ng £ (ﬁn}(ﬁpfgka g?%?dﬁn@gicgi_conductei v@%ﬁayer i%
| ONMuBH RS Thj e a6 XKt dnaichyiriv loyer eleréspgsed Fympotrisalhprhopt Be
mm 14. An el ectroni c package according to claim1l
\Eﬁ’éﬁ%‘?‘h“’%‘ﬁc@regéﬂ'age conprises a core layer.15. An
el ectroni ¢ package according to claim:14 wherein said
core | ayer conprises a polyner sel &8 £ Wast one
consi 871 ngAéPbﬁtrPﬁ&WW)?g?\B/ ST O %ﬁéu%gé%lé{%fe?i r%l de O
?%le\}‘AHP&iaectﬁiécqmsﬁéf ﬁ@t?ﬁiﬂﬂéa@i fislebieig eompns?ey maw?althavmg 3{@ m
erein pairs of at |east. one.conductive :
atielbasr consiet lefs diaa abeyt -5 afiglecricdosy PE%SSS%%’I ab"ay&(’o‘? luding
%y AL %te{'léfl%lnkcycgfagﬁﬂénetr&@n, RAN fr6ARE G50 Yeeto abdue 75 Zybyrweidf of at
SubsStiate s ructure_conpri si r;jg a%@gq? uctive layer  eans

cleast exb inbrghiapartiaale filerethp agparangh EPE PERESRPES T

er,i al i ;el ectric conposite material having a
gﬂﬁlélsé%l%erc’;og&%lggdégﬂght | ess than about 3.5, a dielectric
| oss of less than about 0.004, including a toughened

benz o&%\?\lle io %%u%gkfeate;l %ﬁ]{cﬁelges%%jrdfnrggmlﬁfﬁpw whBQ¥n s8id absdiktive layer is

75% b ~one-inorganic particulate
fi bdpeslaydie resin and the filler being conpatiblized
by neans of a silane coupling agent. 18. A substrate
structure according to claim17 wherein said

conducid,ve A ayiiaté Snetcogpendigay elim 19whereinspigcppdustive layer is
structure according to.claim17 rein. saibuiered alumi ,
bt bpire B 1 PO APPSR g yired ahuminum

pFBfiﬁé LHERRRE LE ISy thil @bl sgapper, or sputtered
al um hum

20. A dielectric composite material according to claim 1 or an electronic
package according to claim 11 or a substrate structure according to claim 17 wherein said
at least one inorganic particulate filler is a particulate silica having an average particle size

less than or equal to ten percent of the thickness of a layer of the dielectric composite

material.

21. A dielectric composite material according to claim 2 or a substrate structure

according to claim 17 wherein said silane coupling agent is selected from the group
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havi ng a thi ckness of |ess than about 15 mm 20. A
dielectric conposite material according to claim1l or
w@roosioes? oni ¢ package according to claim1ll OPCHUS2004/013158
substrate structure according to claim 17 wherein said
at least one inorganic particulate filler is a
particul ate silica having an avera cle.s d
doﬁﬁﬁmfg lémingltriesepraitilane wréfgrﬂa‘éﬁ%ﬁ%ang% ‘{)Cﬁeéiyttﬂ’in@i?ﬂgs?gangf an
f; of the dielectric conposite material. 21. A

IB’iXEF P conposite material according to claim?2 or
a substrate structure according to claim17 wherein
sai d gilane gau IS 1S@higriefhdréin il beucture further
gr ouﬁ?onsgssu%ga%o Vi ﬁegﬁ%?&dl hoxy15| | ane,

5 Yk Starprﬁﬁbe XA cdp@maurﬁeeo sal‘éM@rrbet%éf’]ﬁ@R@/ Epmdpso%hd
m xt ur es, t ShdpRipBaRCCOr di ng
Ssieling %Vﬁﬁﬁflct?{(’é?'srz\%ge a%nnsl{)t@ ?al? g?afjnrﬁg fudl?t rlfgr i ncl udes a
primer on said copper surface, said primer being

selected fromth rou ons i,.stin £ claim 11 comprisin
Vi nyl%3r| acelg %?‘Fg npgatﬁ? o%tf nic clg%eg claim 11 comp g

AR RV 1§jfér %?@:kmg &ml‘rﬁolémddmmhalf layers eframe nybath ef conductive and

ectroni c. package of cl ai r
10 dgteetric @yéqrxaﬁépé@;? P’h ﬂi‘rf}fl‘fsi S%lg{ et Idgﬁtg\’l&lo% 18%% digﬁ gagﬁgaﬂng

gﬁla%g]{slguﬁqﬁt gRpguctive and diel ect r| C materi aI S on one
or h S|aes of said non-conductive core |layer, and
| am nating all layers sinultaneously. 24. A nethod for

provi QA ng A%ﬂ%'dg&l r@ﬂﬂlﬁg PRGIREEiIOPackhdri oficlkim 11 comprising

conpri'sing provi non- conduct | ve. cor
pladdihngnen-dondeative d@rp 114}’% stnclergtiet 3ddinoge! CSPQ g‘é’? 5 delectric

l.ayer on one,or @f iS¢ ,@ﬂ@}aﬁﬂlﬁﬁﬂlugfsalﬂﬁrst addltlonal
15 dayeeon g 3tr}rl1%hd§$?1tn;gald§{gg P st additional é%ré ond
Siy@f: kstatlginga Seeomwdadmﬂqomm%@rﬁdﬂﬁ‘ﬁl%]@y%rond? P
yer .on said f Iadé 1oAa?}ﬁ%r’. and | am nating said second

P Peyd
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