;e3evVdLH6TV@8 MAR 200g :: V POLYMER AND CERAM C COWPCSI TE ELECT %A
SUBSTRATES The present invention relates to polyner-ceramc conp t AR 20[]1!‘
i nt erconnection substrates for high perfornmance el ectronic and opti cal

paekagi ng solutions. The present invention is particularly concerned with

hi ghly thermally conductive and electrically insulating substrates with

i nproved chi p-to-substrate and Substrate-to-card interconnection

reliability by enpleoivMgErcarBGERAMIC €OMPOS ML &SR e % g§§,1,l{MJ

ceram cs for the packagi ng substrate with | ow dielectric cons At and a
coefficient of thermal expansion (CTE) close to that of the silicon device
and the substrate or the substrate and the printed circuit board.

Mul til ayered interconnection substrates are used for ackagi ng or
nmounting of sem conduct or deV| ces. The substrate myW@M Mxter ned

met al | ayer s 2#hREROUND OFSTHE JINVENTIONconduct or s sand

dielectric layers which act as electrical insulators. Thuassgebstrates may be
designed with terymnati on pads for attaching, in addition to sem conductor
devi ces, connect ofq RKFSENEFRERPRBIAN Felgiteorts, POdyREIS cebfiic compos1te'

| nt er connect iohebminmeenibnr s8Bs GONVHICT £y |1@1 hi d throu

metal -fill ed t?éa’ EQ%SL&PS” es can b ?‘?écﬁgénga(?%e?y 0 Béf’aﬁ'gé and
pol yneric matert a T4 ayerutrlfﬂnérc er‘F’%ﬁi‘tpé’c‘Reaﬁllﬁg Substriatdsriher e
cerani ¢ subsFPREYIeF t Kith ghigbayi tyhmmldyndumidwctdew C‘e&ﬁ akgeLaNREeiEd to

a printed ciissuXatingr d uBSBravéd h RiAS Ok, @0&% & to to_ vg) t he gr oblem of

thermal ms en _contacting materi a oognd
si gni fi cant ng&%kerag:r?\(lz\g TH4he tokgHqoomerRtion t metiahiildgpandivon e(n(ﬁ'l[Ei/mg

bet ween t he eeramiiccféhled carlyeprsr ddde ﬁubﬁrhélalﬁlﬁeéi e aREBs MBLer 1 ) S

whi ch i npact gad $6CoMNck I [ Lt Moreover, such ceramc
substrat es gea e%%ll § haveér%:éghw*%?f)ga }eglﬁacgc]):%? %S’Fﬁﬁt p?r"l%?e‘épetﬁf#éﬂ%t

board materi X L PRERSEON AR sddseftd thhages thel=id iepaxdavitypigdl | v
FR-4 fire-r etlasr cmnh:tstepwwxgltassSlhlaéﬂmtaeﬁn@rtl{H SRESOM ALyl de. gl ass,

BT/ Epoxy (bis-maleimde-triazine resins), and cyanate ester resin

i npregnated glass cloth. O her PCB base materials having higher glass
transition tenpef@thitayYergy atnfdrsrenecTion hatbdtaveebeeremagedavair agle for

i nproved t hepanagdnd et ecuiniteal §F GRakEbRSuAA! seNVaNnt 'rﬂQaél%besQOX‘t/ based

circuit boar i r.ei nforce er nopl ast’i cs
fiber reinf oﬁ%ﬁ%l%ﬁégggh%ﬁ}&l %1 T’%Ssﬁ'ﬂléfzg 295 IaFe%ileﬁtSPfy@%JE é%ondll’@@rs

- [ pol y(phenylwwdﬁpﬁ )]beﬁwﬁelépd)%ylﬁe@rw blayslss swlcirhasadETEK laagikpaies and

prepregs, poinguliadergl ams fduhols@fa%&%‘ e BBLEM A %191?”:?“ S ”Qkor} Rads
or

pol yester-i oI or amde-1m
| ow di el ect ﬁ%eco%]sgt glgflgbolm ééﬁ’tcinert%d?reﬂ‘b‘ﬁof‘@%‘xch (RS FeE y meenmbaedt

| ani nat i ng nE3&Si afapagisetal Inesdetbved dovens petkl, m@&bkﬁh@é\ﬁ&uﬁ&@%

pol y(tetraf Imml@atmcm&béFiTeF@ls EAR YUY JdE ”af' g2 et{g' ene_and

hexaf | uor opz?q_@é ene...and rel q)regd mat eri a s have tgd vias.

investigate FUGF 6pb efnﬁ?% ARG e W‘t’?i-”lfeltb'e?f @easslpamd polyateziar e

commer ci al | yredeaifddl e such as those from Rogers corporation under the

trade nane designation R02800, R02500, and related conpositions.

Fl uor opol yner basefl conposite materials are characterized by |ow dielectric

const ant, howevel" ET MR SHCaPReHERR Phekamricil smscﬂrapesrwlﬁlrﬁaﬂfclaﬁm&

stability, mngtaw wnanmlrghoaeﬁﬁrtpeéaﬁwoﬁdﬁlgan dla{rﬂ!le&‘:% %Q%ES' on
ave

to nmetals i a e di ng schemes P mal
-2 18 Nlﬁukggéggg& éfy%U§L Qoar (EEB? plns or solder bumps have the

problem of thermal mismatch between contacting materials due to a
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fl ow whi ch causes heat induced via deformation in processes where,l I
etching is used for via formation. Al so, the fluorocarbon pol ymer:ltgﬁA'R 2001"
conposite matrix is not conpatible with photoinmaging, an imaging option

avai l abl e with epoxies and polyi m de based insulating materials . Sone of
these materials also suffer frompoor thermal stability (i.e., they start
degradi ng when heated to tenperatures above about 25 0C). The prior art is
replete with h for .ean ve the properties
of conposite Eggéﬁ%g% ?é%glgggl%% of hé?yﬁ%g? Cdﬁ& &I}grﬁ%@rﬁﬁ%eﬁ?‘m@mn

U.S. Patent 5,(688) erkweant htike eteramiy, chire cdirséénsur e thk Msﬂ:h:alté and the

{ ncor por ated byarediiaate Meré NnplERs ieSeBoRET AN GhkLSH, CLyoropal yirer
corrp05|te mat r| al where ghe cer.amc | er is precoat

coupl i ng agent . Where CHEP COmFTE E“h%'iré’rtleél gﬁ%elfq"i'elﬁrrhliV? hﬂ@/\ébbmcwuions
used as a bond°pty inannultilayer circuit board. U S. Patent 5,287,619
(Smth et.al.), the disclosure of which is incorporated by reference
herein, describes a silane-coated silica filled fluoropolynmer (PTFE)
conposite and its TheePFintasecingnitchvanh metehigls deasiyipi cabl €Ic@APALEdd of -
devices as rulak2yens MM subsl  abgsidunign MY {Eye Hcagess, boL0g ML LI e
| ayers of copper . an t hernopl asti ¢ Tl uoropol ynmer conposi 4 ePRPPF9das
Solid Cu vias aF&"B588 f or®F nt eREGRTE@S on- B@tl\lﬁé@ﬁdleawér@Sof MCRC/ Epoxy
substrat es or (bis-sertedniderctidazdayi casstins pe paﬁhagﬁtq/ahaté he Jxpdil €.,..; 5-
Pat ent 5, 384, 18], r th o e of which_is incorporated
by reference here%gr?’akggsgrf%% c'%th g’ﬁgegog‘%@g’é F515 S SETo R bR oYY |hé§her
filled fluor oPptSintFaRBHe Femﬁaer@rterehﬁfgél pad d aveat ¢TH) that draval béeh aalkend

of phenyl si | aveellandef [Asar Qﬁﬂdr@ﬂéd 'Ehaﬁﬁapataﬁat e1kelAi &t OprcJ ot opol yner s

whi ch have poggn‘geg,nqghgf ow]% ? an5| tion tenperature and

hi gh CTE (e ISCFO% d T AtHEhuPoREd - mateyiglapnr Jpgludy) )
U. S. Patent Er%BEOFFSd(WemopEbwﬂ)cs,t hnpmasldhrosu&:aoeﬁrfra\tnﬁ‘ohrcba pdIgeEper at ed
by reference §He{ Micks t digl e ons ant k>4) and
relatively hi%g c:TE1c S5t u%}el itk o el b8 CHIdLIpRENV IS ﬁ&&?%%\la
appl i cations n Jotests yinah rag I@W%thﬁf@e}ﬂéﬁﬁc ap\ér tirebesgs hat
exhibits | ow pQﬁyelnedEFgIada)ss £hl pr di eb&ﬁﬁdgl&econsﬁ,ﬂgrlgmsﬂ) -1 glglirggh
thermal coeffy frePfsi iRl egly t {TeK ), far aci t or

Patent 5,541, 243%%HS hes et. al &hg ﬁﬁleh%d?g% Fosure Of % ﬁﬁsasi r‘fi‘Sr’ﬁ%’f%&’%d
by reference ’ﬁeesr’é’i n, rsc]r?i’éegl?]rﬂcéﬁf:oﬁoﬁ%ﬁﬁbl@Meynéxllfqﬂ | @mpostpas,i t e

conposi tions ﬁom;ropsilyxgemrlmru& Sliaknii 88O EN ChatiERfi all & €@YELLA11Y" GRRE G From

metallic fill r G emat Ll X, resins in ol yol efins
pol yi ni des, fjlgrgbg%%%ie%and gh?yace al s. C@é’ﬁlgoug ﬁ’l‘ﬁ%@ﬁﬁli‘%ler“iel) (BFEE)used
C

i ncl ude sil i PF8le of c debratluonaarhnienal and nbexat tudmeropylan,a,and
zirconi a, andcefiatiedr esmbber adfs, amﬂvtehe BBl S d:RGEnddfely ON. 111D 555 .
steel, chrompAlLeYymdlid k(;:_,lel oy, and Fﬁon% This patent merel %q!

di scusses the materi a s and ma s No mention er[ h& &gf)l RaRGicHseEE tare
materi al or tFEMErERFSIaVaplehl shek asuthoss fEPE Bogkw ebesdrdtd of Onteant .
U.S. Patent SHe/l, 6Q%e( MdameSt delsa%eagﬁ] eIRozagIOO) t@esgbscl gx?&lrero{atv\/ry ch
is incor poratéeqn By [ ef erence Herel n., di scl oses_a substrate

conprising at grrm S'ng mACPPRORFIVESEY bhRSRA erfomRABLERI yindepiekre are
cont ai ni ng bmfwaeherm Pyopredéeleouen gomsiarftabhbweveser adde hbtd@la1sfire
retardant, andghwRerextd REmI [ pi t erial is clainmed
to have Iovver CTE.in t%er%g)-lgllnr reu'@cjil %tr?ggndgpner%%g% elsgggﬂit%’[ peP‘f’orgrﬁ%?Ee
This class ofSTEFEFIY stenRsR@iare (B9)uns dtiiosf QE‘EoryO@ueadlmspomrtd em’talé ,
10 MAR 200 rnesicht &ﬁ@&lrésovél%orhﬁ)é\/ bORIing! sehakéd | tahg hQl %}?

hi gh thernal expansion, |ow upper use tenperature, poor solven reS| ance,

and susceptibility to phot ooxi dati on. X



U S. Patent 4;810,563 .(Decree et al.), the disclosure of wii [ q
incorporated by reference herein, discloses a multilayer substfgt M&th[?: "é

including top and .bottomnetal |layers and ' insulating |ayers of

ceram c-filled polyam de-polyimde matrix resin. The pol yam de-pol yi m de

| ayers are adhered to one another with an epoxy bonding | ayer . The

di sclosed article has the limtations of significant noisture absorption
due to the po } ! i .adhesi ve |.ayer performance
linitation ink%/éev??shq%P .?%‘g%sov'}vﬁ%ﬁe#r%f egcf)e(l%?ll ??y?”?a&vb°¥glmm$eéaaﬁ|w1%ﬁ th
rel atively hi 4#FK &tedippcigonsednfonfvichecrmapdent eA¥msultthe iFAusBEEH Nt

properties ofpshgneanbhked RRakagete dtPh RSl ' 4 res, the
i nt egrated ciéru(l:ui.t 1&] C) devi (bies are onn?és;tlqe%tp?%%g%k%?lge;h?gﬁ?%g?%'&?%mg'
fabricated usihg CaYHM e RohPbsfYF iRt Hithi pRP# asheritbspelyimgdei rsered
fsu?:lh as pol ¥/ebusal@$§pg_armﬁaiilests_aﬂdee@ﬂmyuese&han:_dﬁiamdsawot Buf iy l@?&hggo_or '
iIler reinfogcagmat - I ti.c c osite dielectric materials Vi ng
| ow di el ectr ii(E: consrit asn%%bqéggg 3§'teh'e. %gg?’t isctl?ffgt eA%gFFiié’agf W8F opSRY AR to
conposi t e | anteRRerathaee dwye ahowet2s® BYy. Roger Corp. for intercol ~nection
structures'. OQther low dielectric constant lamnating nmaterials that have
been described for organi c substrates structures are fabricated by
i mpregnation of fITHEr BpHIY At RanFerkiets With thesenwbethavey madsi @fforts to
Lypi cally cyandte aaal fipiobel o pAogeECidnlor cbipdsicd PUSAGIEAT LS present
invention to éj%%g‘qe?{gaar}{dceggorgcam ¢ COMpOSi te electronic substrate Whi ch
s econom cal nut actUre SETEVE IRERRR 2904 -6 It is anot her pur pose of
the present invention to have a conposite el ectronic substrate which has a

| ow di el ectric comskaliatehevs |gBIcdalchrchll &Ry | O hellidgencs.  hi gh
package-to-ca{d rnecl iabiljity, and |ow stress conponent i At erco ﬁgc‘fﬁ hf
stress. It is'¥et gﬁBPﬁaFe%L}?%d%eefeGPn?ﬁeh%’F%"%ntdeisﬁVéhﬁ on terdrdee falled
conposite el eBtuconbolsudst camsositiec mdtas-ial hivglerty e gepshidef Miler s
stability. |tpd&oaks® LHREHP jSid.nvention to hare conposite
y. Itp NehPW PAse 0 LBYLS 4,y ent Lo B ;
el ectronic substrate which has a | ow ITDI%t ur% aB20Fpt 'BAES THBE e SERROBE For
b esiad 81 eoe
pur poses of tTESSrasent ChEERIIgn ficvpbhecane #Br esappasent bahdasly efrera i ng
to the fol | owiuigideser iqitricoft oathe U.mvepddcant. 5 BRIER1SUMMIYHCE: THE, the
| NVENTI ON AccoidihRgut® & Lhish 12SPeSlfrathg {hvention there. is pr ovi ded a
! rated b i i
commosi t e substrate ; h - rp Y rererence herein, describes
a silane-coated silica filled fluoropolymer (PTFE) composite and
its use in the fabrication of high density interconnect devices as
multilayer MCM substrates by an additive process using multiple
layers of copper and thermoplastic fluoropolymer composite
dielectric. Solid Cu vias are used for interconnection between
layers of MCM substrates or to semiconductor devices to be packaged
in the module. U.S. Patent 5,384,181 (Arthur et.al.), the
disclosure of which is incorporated by reference herein, describes
a silane-coated fused amorphous silica filled fluoropolymer
composite where the silane coating material is a blend of phenyl
silane and fluorosilane. These patents relate to fluoropolymers

which have poor adhesion to metals, 1low glass transition

temperature and high CTE (e.g., 70 ppm/’C as disclosed in Arthur et
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conprising a plurality of adjacent |ayers, each of the adjacent
conpriising a mxture of a polyneric and a ceramc material, 1@»@‘&2004

substrate has a coefficient of thermal expansion of 8 to 14 ppniC at 100 C
and a dielectric constant |ess than 4, said conposite substrate being
adapted for use as an optical and/or electronic substrate and further
conprising a surface |ayer conprising 100% by wei ght pol yneric material and
suitable for gypporting at |east one optical waveguide. According to a
second aspect of the invention there is provided a conposite substrate
corprising a plurality of adjacent |ayers, each of the adjacent | ayers

conprising a m xty.¢. oﬁa@r&og¥§@glﬁ5apg & c%ﬁ{p co#;raé-: itﬁﬁ m%&%"}g’téﬁhgﬁ)c

substrate has,a coeffic hermal  expansi orf
and a di el ect?”i‘cor?é’ﬁ?Fﬁ t Pesketorance, %a?‘%imeonb%smogcsnmcarauehbm Nigh

adapted for udkelastancoponeahnandiisd) ehagt E@D&@nﬁé&?ﬁtﬂﬁ}lﬁ c&%‘er(ﬁj%é)%’}egf’f

the plurality, rs._su ts at, | east one optical wa
and further c%ﬁcrt?g{cﬁg%%ghg ace 55%”){ A8F ZIEKPYRYe PRRL b%tJGPStwpguauml ty

of layers conprildiorgrpdpweny fidilgdt wpth yomrmaindcnpaetidles Aﬁaerébuﬁgntte fow *
further aspecdidlfecipe |m@nt L copposi te s rate
iddlectPec h9&h t(ﬂ%'i@ﬁf:f)foo ﬂf{é?aq%/ 3K Eﬁ‘prﬁ g ]ﬁbg ermal.

conpri sing a(gotérallt% 'ayers, eac ers co

pol yrer - fi | | P CEAGAFRE ft é’llieéFcWFPé?r EPRSERRE STBE! | af e lrapagitwef fici ent of
thermal expansion of 8 to 14 ppmiC at 100C and a dielectric constant |ess
than 4, said conposite substrate being adapted for use as an optical and/or
el ectronl c substrate wherein the polyneric material filling the ceramc
material is sel eclell: SRR Ilodh? cEighes ietgadt) f Itduei disslpkanarofCRidh

pol yi mi des, sid dmaep@ﬂwmbﬁeﬁeféx@ﬁcgﬁeww a&Q@fost Q5L Q%d ldable
pol yi m des, %06 %%“ég’ | ene et her pol y(cyclo-o

pol y( benzocycgf 0 ut enes), cyan Eét‘é‘?““ﬁ"é%tth c‘iﬁ‘f@tréségﬁ e?’;‘wlbi@qrdis
bi s- mal ei M dPPBVEY Evetted smbropnicres ndelddd. £Glers k8 d%BnEQOAatrlx

Accor ding to ssfiubt hercasnast 951/d18£kAYENL9 ere d a method
of making a c¢o omé eI ect ronllgc %r opt 1 catplo Qlt)sﬁ]eé’{e pf)fi’égr’r& g
qg' Various inorganic fillers used include silicon

conpri sing t e
nltrlde, carbide, alumina, aluminum nitride, titania, zirconia, and
mixtures thereof, and the metals include iron, stainless steel,
chromium alloy, nickel alloy and bronze. This patent merély
discusses the materials and makes no mention of the applications of

the material or their physical properties such as CTE and
dielectric constant.

U.S. Patent 5,571,609 (M.E. St. Lawrence el. al.), the
disclosure of which is incorporated by reference herein, discloses
& substrate material comprising a thermosetting matrix of
polybutadiene and polyisoprene containing butadiene and isoprene,
woven glass fabric, ceramic filler, fire retardant, and peroxide
cure initiator. The composite material is claimed to have lower
CTE in the z—direction and improved electrical performance. This

class of materials, however, is unsatisfactory due to poor tear
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formng a dispersion of. polyneric and ceram c materi al s;

form ng, a. pl ulroal ity of grgenysheet S wth the dispersion; form ﬁngMARuﬁUﬂ&
in each of the green sheets; filling a nmetal conductor in the via hol es of
. eaeh of the green sheets; formng a nmetal conductor on a surface of each

of the green sheets; stacking and |lam nating the plurality of green sheets
to forma conposite electronic substrate | am nate; heating the conposite

el ectroni ¢ suRsdilsthBct 0 18Rl héenw tggﬁgﬂy rllgn%%g:: s andpﬁb%lbce

car bonaceous resi due; partl all'y sifying the cerdm ¢
arigid skel thgrme r USRASioR | kasst UBBPY | 98y temberafuriee rpepmd shidletal

structure wi tifesd spahy@Prdnd §85&sptEbilOtPr s YR BoLAIASLHL € €l ectronic
substrate that has a coefficient of thermal expansion of 8 to 14 ppml ~C

and a dielectric constant | ess than 4. BRI EF DESCRI PTI ON OF THE DRAW NGS 8
18 MAR 200 The f eHt%r datehtihéldnyent(Deareeldteud) t ehbalineiekudé ick fech

el ements charjact epéStddr QL_dt I e a f th art arity
in the appendluggcl a?én% i he E?gures%érﬁe}'% ﬁ&rﬁ ustgiﬁl o\nM pur%ose #Txﬁ’énd

axe not dr awf t§§"a?ear’f¢h%1? n+BRIVGNY t keP f anfoorsem msithlaslayers and

or gani zat i on iasdlaeifpdleyepesft cofaniBrinesl RB1YARRISHReY: RYad %Q{fﬂﬁe
qus, taken . in_conjunction wt '

to the detai I%g ges,%l pL |1on | ch fall,
acconpanyi ng ‘draw ngs- i nowire '%]d’df“é ¢ 1YY A58s 28Rt ia “Prednether
first embodi méish oM téeoxyr dewrtingnveyeicon | Theistiatidgda arialc sl @b

pol ymeric conpesihe; SiPstgrat g4 qdd 4! 2 .0S onal vi ew of
second enbodi rrﬁnt o? t he presé%t |lr§/agﬁt|%§1%%st?gt§?%é fiymert?l Ilﬁ?d

cerani ¢ conp&EYEABIIRTINIFE) ARy 3 j9oxYCr gdkesistg | g'n’*é’lerw Pfrbprmance
variant of tHéméesbinh elthodimmentofofitshaopr enental nuRRBLL 08y j |i&$t'fg?1tv.i:r[§9:ha

polymer-fill %uﬁ@é@%ﬁkﬁ%gigéﬂeqy\é\??@ﬁ 4418 el Y. {"%ons% {:'l %Cat g on the

surface region and the peri phery € conposi SnGoTRR te
encapsul at i ng EHEER MY I“E‘rgf'%“%llctﬁftoéerﬁ%toé 411?5@1&11#-‘160%@1#@*& illustrating
the method to formthe first enbodi nent of the present invention.

In plastic packaging structures, the integrated circuit (IC)
devices are connected to an organic substrate fabricated using
curable compositions containing a thermosetting binder such as
polyepoxides, cyanate ester/epoxy resin blends with inorganic
filler reinforcement. Thermoplastic composite dielectric materials
having low dielectric constant, such as the particulate filled
fluoropolymer composite laminates have been marketed by Roger Corp.
for interconnection structures. Other low dielectric constant
laminating materials - that have been described for organic
" substrates structures are fabricated by impregnation of
fluoropolymer laminates with thermosetting resins, typically

cyanate ester resins.

Accordingly, it is a purpose of the present invention to have
an organic-~inorganic composite electronic substrate which is

economical to manufacture.



Figure 5is a flowchart illustrating the nethod to formthe second

engodi ment of the present invention. Figure 6 is a cross- sectl'@rﬁalMAjRamnlt
simlar to Figure 1 but with a surface layer in place for optical
transm ssion of a signal. -9 18 MAR 2004 Figure 7 is a cross-sectional
view simlar to Figure 2 but with a surfgce l'ayer in place for optical
transm ssion of a signal. Figure 8 is a Cross-sectional view simlar to
Figure 3 but with a surface layer in place for optical transm ssion of a
signal. Figure 9ptij§ a%oﬁfe@ Etdfotﬂélpré’deﬁi"’n}veﬁﬁéiﬂ k@ hal@ & 56 s?te elgéﬁtoné
with a layer in place fox supporting optical transm ssion thd a
covering sEHbsHate Wlaglehas #Ho leletltﬁcwsnﬂam; lossingpedanceniw (ZTFE\MO&V Biréﬁlmgéme

Fi 2 ortin tical transmssmn of
 onal oot gl el B en oA HeEopedion sus
cross-sectional Kiiewst @iotier purgose bf e lﬁe&nbkﬁveﬂhéﬁlt@hé@@&om oﬁ eaé]é‘c o%h
supporting tlcal trans ssion of a signal. DETAILED DESCRI E

"I NVENTI ON r?)tF&hé‘i'h 38 &llImﬁldr&?OQttb%‘Tlta@)Sta @&hpom te el ect ron| c andlhor
optical substratg i¢QREBthe pRghoBO LY WaS iifveRfich ¢S have & SelelliGHiE!
sgbstrate has a Iéw gglge e? g)lo constante and a ?\;og 8@’8%% éeé%(glél Qbs F

t he funct i Whigh heeglaw eristers absprptidre substrate i ncl ude | ow CTE, hprgkezfaglc)é
|ntherane8l t. 100C whi C I nt ernedi at e ween t he -

(CrE 5 | Topnt1 TRy Y PRt 7l he mtESES AR oo, WA beTre.caore ppPaRg ( he
sem conducaﬁnrrefemngeto(tlié'l'ﬁllawtz@desdt;ﬁioﬁcdfltlhegn%mﬁ)hant < 4, preferably <3..5
to allow for closely spaced high density fine |lines/vias; good di nensional
stability under thermal stress conditions; inproved second |evel

I.nt er connegRIPP SINIARYY OF THIANVERGHASE | ntegrity -10 18 MA R 2004 -

even with Tncreased die size
Accordlng to a first aspect of the invention there is provided a composite substrate

comprising a plurality of adjacent layers, each of the adjacent layers comprising a mixture
of a polymeric and a ceramic material, wherein the substrate has a coefficient of thermal
expansion of 8 to 14 ppm/°C at 100° C and a dielectric constant less than 4, said composite
substrate being adapted for use as an optical and/or electronic substrate and further
comprising a surface layer comprising 100% by weight polymeric material and suitable for
supporting at least one optical waveguide,

According to a second aspect of the invention there is provided a composite
substrate comprising a plurality of adjacent layers, each of the adjacént layers comprising a
mixture of a polymeric and a ceramic material, wherein the substrate has a coefficient of
thermal expansion of 8 to 14 ppm/°C at 100°C and a dielectric constant less than 4, said
composite substrate being adapted for use as an optical and/or electronic substrate, wherein

~ one of the plurality of adjacent layers supports at least one optical waveguide and further
comprising a surface layer adjacent to the one of the plurality of layers comprising 100%
by weight polymeric material.

According to a further aspect of the invention there is provided a composite
substrate comprising a plurality of layers, each of the layers comprising a polymer-filled
ceramic material wherein the substrate has a coefficient of thermal expansion of 8 to 14
ppm/°C at 100°C and a dielectric constant less than 4, said composite substrate being
adapted for use as an optical and/or electronic substrate wherein the polymeric material
filling the ceramic material is selected from the group consisting of flexible-planar chain

polyimides, siloxane polyimides, low CTE polyimides, fluorinated polyimides,



Simlarly, the functional requirements of the polyneric naferi I N
the present invention should include | owin-plane CTE;, | ow bi rtf&Mé&ggulf

and isotropic optical and nmechanical properties; a | ow dielectric constant
of 3.5 or less; high nechanical strength and. high thermal stability at
tenperatures. >300C, option for form ng |Lam nates/sheets, prepregs, or
solution cast filns; |low nelt viscosity‘guitable for injection nolding;
| ayer-to-layer and | ayer-to-netal adhesion reliability; chem cal stability

of the pol = d1l ' 1 Iy ing conditions;.

t her no- oxi %(g?{ar 4 klgéf gg}ef)g {B& ?f('g%cgo c%getr;tﬁ};l :ﬂ” ﬁ%olly@? 1?/2’0\%? {lﬁ&ga%etsgl %P%g i Fifiues.
Repr esent atynate gstdriepexy blend, bisimhlsimide {(BMI) resinb end ovixtosss igersofbst r at es of

the present invention include: thernoplastic polyesters such as

pol ybutyl ene terephthal ate (PBTP), polyethylene naphthal ate (PEN),

pol yaryl ene et her, and pol ycar bonat e/ pol ybutyl ene terephthal ate bl ends;
liquid crystalline polynmer (LCP) polyesters, for exanple, p-hydroxy benzoic
acid (HBA)/ p-hydroxy naphthoic acid (HNA); PBTP-LCP, and PEN-LCP bl ends;

pol ynmet hyl nmet hacrylate (PMVR); poly(a-nethylstyrene); polyvinyl butyral;

bl ends of LCP and pol yether imde (PElI), and. LCP and pol yet hersul f one;

fl exi bl e-pl anar chai n polyimdes; |ow CTE pol yi mi des of rod-1ike structure;
fluorinated polyimdes and sil oxane pol yi m des; polyi m de/ pol yester
films/lam nates such as thermally conductive KAPTON (Dupont trade nane),

UPI LEX (Ube Industries trade nane); blends of polyimdes with LC

pol yesters, B-stage glass reinforced pol yester sheets; pol yphenyl ene

oxi de- epoxy (PPO epoxy) blends (e. g., GETEK | am nates avail able from
General El ectric); polycyclo-ol efins/polynorbornene (e. g., AVATREL
resins(trade nane, B.F. Goodrich Conpany); SILK polymers -11 . 1 8 MAR
200g (trade nanme of Dow Chem cal, Inc.); bis-benzocycol obutene pol yners,
fox exanple, BCB-DVS, (CYCLOTENE resins (trade name, Dow Chemi cal s);

pol ysi | sesqui oxanes; and cyanate ester resin, cyanate/epoxy, and BT/ epoxy
resins, BM resins (bismaleimdes). Arong the polyimde materials referred
to above as one of the polyneric materials suitable fQ conposite
substrates according.to' this invention, a particularly preferred category
are | ow CTE pol yi mi des includi ng BPDA- PDA, BPDA- ODA, PMDA- PDA and partially
fluorinated polyimde carrying perfluoroisopropylidene functionality in

ei ther anhydride or in the am ne segnent or in both the anhydride and the
amne (e.g., Pyralin RC2566, FPI fluorinated polyimdes avail able from
DuPont), partially fluorinated polyi m des as PVDA- BDAF, BPDA- BDAF, and
BTDA- BDAF derived from 2, 2-bi s[ 4- (4- am nophenoxy) phenyl ] - hexaf | uor opr opane
(BDAF) and 1, 2, 3,4-tetracarboxylic dianhydride or pyronellitic

di anhydri de( PMDA), sym bi phenic tetracarboxylic acid dianhydride, and

3,3 ,4,4"-benzophenone tetracarboxylic acid dianhydride, respectively.
Exanpl es of non-fluorinated sem -flexible chain polyimdes which can al so
be used include those derived from PMDA-ODA, e..g., Pyralin RC5878 pol yam c
acid precursor or KAPTON filnms avail able from DuPont, and BPDA- ODA pol yam c
acid precursor solution or the corresponding preimdized filmas Upilex R
avai l able from Ube Industries Inc. The typical range of representative
properties of the unfilled polyimde filns~after curing up to 350-400C

i nclude: Tg, greater than 260C, dielectric constant, 2.9-3.5; Ebb

(el ongation-at - break), 50-90~; elastic nodulus, 2.5-10 GPa; CTE 3-50ppn C
at 100C. The partially fluorinated polyimdes of this invention have
excel l ent self adhesion and to other polyners and netals, and thus can be
used for interlam nate bonding as well as self-bonding conposite | am nates
wi thout requiring an interlam nate bonding |ayer. -12 18 MAR 2004 The

| ow CTE pol yi m des for the purpose of the present invention are those
derived fromlinear-planar or sem flexible precursors of which preferred
candi dates are the BPDA-PDA (sym bi phenic- tetracarboxylic acid di anhydride
(BPDA) - p-phenyl ene diam ne (PDA)) polyimde solution cast filnms as well as
machi ne drawn chemcally or thermally cured | am nates avail abl e from Ube

| ndustries under the trade name UPILEX. Because of the rigid-rod or

sem fl exi bl e-pl anar nol ecul ar structure, this class of polyimdes have
special properties of |low in-plane CTE (about 5 at 100C and 8 ppm at 300C).
| ow dielectric constant (2.9-3.1), high nodulus (8-11GPa), high tensile
strength (400-450MPa), | ow noi sture absorption (less than 1~), and high Tg
(>400C). The preferred ceramic naterials for the conposite substrate have

| ow coefficient of thermal expansion (preferably less than 8 pprn/C from
roomtenperature to 400C) and |low dielectric constant (preferably | ess than

M e oy I I T B I ~ o~



18 MAR 2004 el ectronic netal conductors and/or high density optical

wavegui des for the transmission of electrons and/ or photons. As‘]v@lMAlRazoplf
described in nore detail hereafter, the conmposite substrate can be nade 0
ceramic-filled polynmeric material or polynmer-filled ceramc material.. The
former structure will be described first. |I. Ceramc-filled Polyner
Substrate A conposite substrate consisting of |ayers of ceramec-filled
organi ¢ pol yner colpesrttngrater iaalfurthdni chepyce ret alhd z i st andar d,
techni ques, angd.-qBlal W a5y 1 e,{?:]fa er Eiaalr'lt er co,nneé(!:t ?gﬁgﬁgﬂ‘q’m ovide a'®
superi or packagi nq%_éstructure or° thi %gr]aorcﬁﬁﬂ‘&%l%een?k‘%ﬁfdf@@wr or optical
appl i cati ons. FhHigaseof thomuthgdpodmmersihg|dler seeppasit es as nol dabl e or
sheet castable formul ations, and as | am nat es/ B-staged preprepregs are well
known in the art. As one enpadi nent of this invention, a ceramc reinforced
pol yi mi de conposi t EOFBLRYaeld sBorai apefspalymearianiud faddaed ci matiraal ¥ani.c
acid precursor solution which is then converted to nol di ng conpound by
first sol vent reno\fgi,mﬁp a:thflin i{n' di zation to_form polyi mde. The nol ding
powder can be conpressioh nbrdEd tRdeF Fhreasbecteipdhathe ediapdrpiessur 6 -
conditions to form.conposite sheets. Alternatively, the polyamc
acid-ceramc fill egogh 31,0 | u C e cast on a carrier sheet by
conventional coating pﬁggegogiscﬁnaég%ﬁroffgitﬁec%% elnnﬁ,ﬂe?fff'] coating etc.,
foll owed by solvent renoval, and optionally partial or conplete curing and
removal fromthe cilliarg tz0 mdtadi oGNS i@ RLEPLEIShoT. ram.c filler
content is prefer aQi-é(eﬂns teg_% range 10- 70wt ~ based{’gﬂ ;[1 leggegign?acq ﬂél &de
pol ymer conposite nmateri é"l “"8(ch a conposite nultilayer substrate has the
gdvant age of -14 18 MAR 2004 having an internedi ate thernmal expansion
Bet ween a seni condasimingdeVineeal{ abHuc30Pd,LC d_a,copventional
printed circuit bogrd (about 17-18ppm C at fgtés&)}.gg%eoa%oeﬁﬁgs? et REUIIEERYL e
consists of nultiple diélectric layers of ceramic-filled polyneric materi al
with via holes filled with an electrically conductive paste or
alternatively, thestAdSngainda afiihieGo Le; qpt Lo, provide
interlayer intercognections. The corrfc%v:t%lg pzlg%ég#gé&cgﬁ?ergesgfﬁb?ité’athHm
from parall el processed rayers GHreBts dUbsrbresdédinafers, or by a

conbi nation of the two . For exanple, the conposite substrate could be
built in parallel waddingt @ekedmbdd i wer core wth a signal
| ayer on either sig_?e ar?g i ndj vil(gzlual _eg%ﬁ%ré}%gg%r%gb te%%eeeéott%‘gr{‘}%}]e‘é reppve

| east one suitabl e top o EET T ATt He RPFe2Y e bppagdralsc srpOBGid e
substrate. Alternatively, a core structure could be fornmed by sequentially
addi ng layers of diglaeti{Caand eyehdl GO . Then, at | east one |
suitable top |ayer_cquld _it;e adde(!;:};gétgc?)l %h%e@ggﬁlg %ﬁ(taeﬂleat al%f PFPEISE poFigid
conductive pastes T iﬁ%eﬁ%ﬁféﬁurﬁbnnecti ons can be, for exanple, Cu, N,
Pd or Ag powder with a low nelting binary or ternary alloy such as eutectic
Bi/Sn, In/Sn, Pb/ Y AQast Q) fy s N, LSn.on , .Bl/Sn/Pb on Cu, Sn
plated Cu, Bi-coated Cy. %@%ﬁé&%?&é%a‘é‘fﬁ rggﬁgcsbkr? eitt"‘ht%tliu@(_t}llgﬁkuh
metal filler by wel ghP ¥PeiYfe TRtefiiadaste BoPdule whi clomposptré Seseotatlic

bi nder, conducti veubsitraté ehatabsh ti vestfiandnByE @hsfnd NCLHLS, ao@)f iogo%gcani ¢
conponent such as (gl as%/p.gwder. Surface features are conpri sed of °& i'gh
conductivity netal (&2G/, Scu) 2 hitc AL RSP a6 econatant aless ftdkhoted by a thin
Au pl ated | ayer or surface finishing netallurgy .for solder connections with
the sem conductor device and the PCB. -15 18 MAR 2004 Referring now to
the Figures in nore detail, and particularly referring to Figure 4, to form
t he ceram c- f #r+edDESCRERTIO) PUE: DRAWEINGSSt rate, the ceramc fillers are
m xed with the polymer matrix in a solvent carrier with appropriate
additives such as a plasticizes, surfact arg/di spersant; antioxi dant and
coloring agents to formdispersion 52. The aforenentioned ingredients are
m xed in a high shear m xing process using a planetary mxer or a ball mll
or aroll mll to provide a honbgeneous slurry for casting. For filler
wettability and dispersion stability, it is generally desirable to surface
nodify the filler powder with coupling agents such as organosil anes or
organotitanates prior to blending with the pol yner binder system
Alternatively, a filler surface nodifying agent is mxed with the

pol ymer - sol vent vehicle and ot her additives carrying binder systemprior to
blending in the ceramc filler. '




A typical nethod for surface nodification of filler particl es to
i nproved interaction with the matrix resin involves bl endi ng hﬁAkhﬂﬁ#
powder with a 0.1-1.0~ (W % solution of y-am nopropyl triet hoxyS| | ane or
A-1100 (Union Carbide) in nmethanol or ethanol and roll mlling at room
tenperature for a few hours after which the liquid is renoved under vacuum
and the treated solids are dried by heating to about.100 C. OQher silane
coupling agents f S Jm fication of the_ceram c powder include

vi nyl di et hyl _et hgfiy glé g‘%g wqflny S FPEFRGRP E’eﬂéﬁ‘éed hex hfettopeldsdl shane
(H B7S), di vighpments a#h@@fhytem@ﬂcoxaﬁe theVSnvandise! ared g@t efbs hch he
presence of gahhatiLr n yI e. hesi on pronoter
can be addedqjl to the ﬁ{%tgﬁco&%nen seH§ decsllgg}é‘g F'lA gégﬁlf/estﬁé”epoWﬁer
matrix sel ectedUPEratd tHBFP‘PS'teScoﬁPbY ngng pawdamet f drewnonal i sgalsichTRs

| k | b1 Ht h f
al koxysi | ane ioweuk hyh é@])fy sblener, @Hé:lﬂgﬁélgtl:]d? Jgggh%%{:?cgn apl% Eﬁgqicof

particle surfage. t hus OVI dt?]

Simlarly, organotitanate co?]gpﬁ egqﬁﬁ’gﬁfgo‘&%rplber?fﬁ?@n?@ &ar ftéeedﬁbdligd t he
~16 . . 1813WAR112'00-‘91 f iwhigh pricdlove btaleai nginni tdonjhachbisger st epp.or
these can be agdé@partyidd -l DEes 1§y% gﬁpﬂ or to blending in ceramc
filler. Typical titanates commonly use for silica filler nodification
include isopropyl tri(dioctylpyrophosphato) titanate, isopropyl

tri (ethylam no- eFigdrmindk i Eﬁé@é-%,ecﬁﬂaniﬁlﬁta@d g ef4.als emgggng&g@osfl te

slurry thus a she IIed green sheets) on a carri'er,
typically PE%REB?% esg’ﬁg 2}%} em-'go ?{pl)?so 4R8 ﬁac‘k‘?’f‘?@lﬁafé#%ﬁ spolymeric

prepregs usi ﬁ@mPﬁ%l%rﬁﬁ‘@ﬁFyamactl ced sheet casting process (54 in Figure
4). Alternatively, conposite polymer prepregs/sheets can be formed by

nel t-extrusion or,dnjection nolding techni qgues which are well known in the
art. In the |atter Précéss® %o‘ﬁ?@ﬁt SeoneheY HiypIo£s Bi e qruld) embodimknt of

i norganic fi ther wiesegs asnveritdiong pbivarabang NG NBblywéSGA3h by sal-tahle
for injectioponpdslideg sabseasidy attainable tenperature, are conpression

nol ded into lam nates. In the case of slurry cast. sheets, a follow on
drying operation is generally carried out to renove solvent in the cast
sheets. Sinilarl Eimalevanis cacrysngdckesndl eiebadn pohyiddiTce gl @ec%ﬁdpm y
(Am c ester) efb&GiHeH@ 080 i € eram c particles
converted i nto o) di n o Lﬂé ﬁ%‘%%eﬁ{i '{féktgg?gr%&ygﬁrat il BPigP?’brfllHed
heating at 168-Jb¢ Eugﬁtdr% F‘é’s'%l% Rl ie Byt dgeatarhionatles .sukface

bl anki ng operegian @mﬁethée@ethﬂaéiﬁsldﬂadtm ZeongWHitedudbhs L AYEL Sa0E thES

conposi te supgtLaha 294 p&l;lé:ha%% {,Lon hol es necessary for alignnent.
The backi ng sheert;‘gl S thgn rermvé tgft"‘v?‘las are fornmed (56 in Figure 4) in

each | ayer by nechani cal punching, Iaser drilling, nmechani cal drllllng
e- beam nachi ni ng Rikucheai tald Fiekcéhdig, 1lb@étrfalthh§dtﬁ/! antﬂE'd S ané*
conductive ngiale (‘*%‘%0,&\1,%%%‘%%{64% Ths%n as can be filled wt metaltic

paste as is -17 con i-onat " ¥or “Bxanpl e by scr een printing
or squeegeei ng the paste through a rret al mask in contact with the conposite

lanminate. Alternatiguekys fde ¢l aw@ial! uiﬂYst_fi%Eﬂ? t{t&{ mRdnby dd 'g' Lng wth
a

solid netal t 0 echni ues such I'ng or su P8RS e
etch, or by %%%qumeg‘g ?Y‘“e%%smu %]ﬁ?rPgr FEEt’r’}V@&FFWconductl ve netal spheres.

V%ere the vias are fllled by using a conductive paste, the netallized
green, sheets areridihiedg Jhep, 2 n r Illzatlon patterns
are formed on, the %urface ofgt?iég% Egges %ii gb LI%%%? % °FFJETES 4) Byt
screen print VHY 8r &I 1 B¥es dPdetfatgier ophies ityenpritss ohoofnd atesaly t h
low nelting netal filler using conventional multilayer ceram c fabrication
techniques. Alternatively, the signal and wiring netallization can be
formed fromsolid netal (such as by a decal process) and then transferred
to the surface of the layer. The netalliZz®d | ayers are subjected to a
heating cycle at 100-250C to renove residual solvent and partially cure
(B-stage) or conpletely cure the resin matrix. The individual |ayers are

i nspected or electrically tested, then the desired nunber of |ayers are
‘aligned and stacked (62 i~n Figure 4), placing a thin non-stick polyner
sheet on the top and bottom | ayers of the stack, and | am nated using a
hydraul i ¢ uni axial press at 150-350 C and 200-2000 psi pressure to forma
mul tilayer conposite interconnect structure. Subsequently, the |am nated
structure is subjected to a plating process for surface finishing netal
deposition, typically Ni/Au by an el ectrol ess process. Prior to surface
finishing, at |east one surface |ayer can be added that is especially
adapted for supporting high density electronic netal conductors and/or high
density optical wavegui des



-18 18 MAR 200g for the transm ssion of electrons and/or pho ,
respectively, Such a surface layer is shown in .Figure 6 as suﬁ%i‘éAlRaZgB’f
80 havi ng wavegui des 82 (e.g., an optical fiber) and/or 84 (e.g., an open
channel ). The conposition of the surface layer 80 is 30 to 100 by wei ght
polymeric. material.and.70.to 0% by weight. ceramc. Aternatively,
ceramc-filled polyneric layer 92 can be forned . to support wavegui de 82
and/ or channel 84 ﬁﬁg‘ﬁnﬁow in Figure 9. In ( _this enbodi nent, channel 84
shoul d be lined with a 1ayer® 4 TPrSFof§reianalnuiewi simi et € ot Fagushanngl, 84
is left unfil “e8h agsriace layeiry i ilece Urd:A68t | AYEE 196 1S f-Or”gg- Wiere t he
surface layers 80, 102 and liner.94 are to be used for r+1|S5I"i°ﬂe it §iepd cal
wavegui des and challpnel s, there should be no ceramc filler in the surface
| ayer. The pol yneri@Yrst & ii8l askoass-sretionapt voad Is)ﬁmtiliagsggr?p%ur I §w
(optical) Ioswitmtaeshafac§qa§e§XﬁITBh§E¥cf@t..%{;gi;la:ﬁﬁ for the surfate 1adydftare
fluorinated polynmers such as fluorinated an pec I EB?’I%‘I‘HF@&IO‘MIfyIirSJ’tQIIMS;
acrylic polyners )sﬁu'ch as fluoroal kyl (nethacrylate),
per f | uor o( met hacr Higuee, 9and al kybseideaet yhat & mer s/ copol yners such
as PMVA and PMMAM ol ysgerr eng SRl yIer S'ggm ,31%%29%%%€ oI BfouErEr &: bahd
uret hane-acrylic pol yners. The wavegai it ge OBt fahl tfansais}iopesr a
channel s for opqﬁ alft ?r%r&?ﬁ%épens‘ovfamt Lepér wavegui des. The dielectric
mat erial should preferably have a different index of refraction so as to
refract the Iight F"i‘BQré‘ef(P .ist w thin the waveguide. |If there is inadequate
interlayer adhesion integrity? §PAFPItjenabiviav adhetarecpoliyiee §ap,be
used for int éFRyé ladessiion pdade bood supRAtihy UPERsa1vallQus; Processing
and use condigignas. aly avayvalihd | ratipn ef:%nd not |imtation, R Sfs @
adherants that can be used for bonding poaf%ll m de- based conposite netallized
| ayers -19 18 nM;\R 2004 include: acrylics, siloxane polyimdes, acetylene
termi nated pol yi nF#@#rese1§. and R2640e AfrokP-645: 1 L 4 J.sol m de series
derived from3BEDA-ARB 631dvedi4 piLld gcar boxyl F@S%ﬁ%gﬁeﬁ%%’p%m&gure
di anhydri de/ _3 ?%ﬂ pis-am'no phehoxy behZEHEPT holy i WGl Al et ranisgd et @ agd
rel at Pd. _6FD/§1-5\ .derived polyners (available from National Starch),
bi sbenzocycl obut enes, di vi nyl sil oxane-bi sbenzocycl obut ene pol yners,. for
exanpl e, the-. DVS-bis-BCB polynmer (CYCLOTENE resins, trade name of Dow
Chemi cal ), 659 - DA and BTDA- ODA pol yami ¢ aci ds (avail able from DuPont),
pol yesters, HPESERIBIION Oy THE)\gNVBNEDON ar wei ght aromati ¢
copol yesters or honopol yesters. The pol ynmer adhesion | ayer interposed
bet ween conposi t results in |ayer-to-layer bonding under the
tenperature and, Q[Iﬂggéﬁ%%nctoﬁlaﬁritd?% ¥OrteRetd antmosdhe stieptrbiid beggase of
fully cured E%Wﬁ%‘all PePsHedesconnrisgnp el eneert haa aGh-hyal %alt%pfalsuflf ace by
02 plasma exposwubseiraby GRS CAly MBS £ J- oo, Chem cal etc Ing. preorito
appl yi ng an %%iggliay%% by spr.ay, roff‘ coat’ ﬁ?ja’i')? Ky 2otieEr CEBMdmItey
used surface. coating tech Fq%ﬂ‘f.%l?ﬂ%l Z@mereanenteafori shé kepsbaded; 10 JLIoVe
sol vent or ot¥erCHi api¢fegahng par thal kynge Ycudgnl/a f QF m_L@DJ%:sta,ge cured
‘non-t acky stﬂrfm&edi?&@ée%%%e&r%gssﬁ{r:% cgn t hen proceed as dé@cll’cihbé@
above to forga vic%. atterns, |ayer asse Iy,CII arfCR&t i %51 7epm( deposét ixgr of
finishing metall urlgﬂ}s)[ o1 br HAPRR (Rt Bhe onndictecst bt Aie RS E0G3 Rt o
ceram c-fil |9a¥igel \(GEE GpppPPSi dEsl Bkt gL n@&iléﬁ%h)é’ L Itle adgﬁsi on layer can be
a fully curedioherfmpl g%é%éﬂejst-f I omﬁbl e pol yner fi|KRATAPI¥arf3bE tonded
‘to the ceramj.c-filled polyner C%Er%ec?si Bh agersify | Binenalios /pLaasy iRoMi @
punchi ng or THSEBFienad | %P1 157 ngnéerandeerthall e BAE 1 &% r3i; 1 L AL, I:)lu tr??% 3
comer ci al | yegvadl ablel agkydricona i.ve. qr. TEFLON (trade nan¥ ont
bonded KAPTON (trade nanme DuPont )g?l'e%déln&egllﬁbﬁ;#ﬁyﬁaggg, ppokagexiftegadeynanme
DuPont )t hernopl astic | am nates) and related materials. -20 18 MAR 2004
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The finished conposite substrate 10 is illustrated in Figure 1. Miltiple
| ayers of ceramic-filled polyneric material 12 are stacked anﬂ%mﬁaﬂﬁqﬁso '
that they are adjacent to one another. Although not shown in Fi 14
adherent material optionally may be sandw ched between. the |ayers to
provide | ayer-to-layer bonding. if necessary. The adherent material should
be chosen so as to not degrade but preferably conplement the properties
(CTE, diel eclebbf wi gtlgpgasgq?dltehggggl stability, etc.) as nentioned above
for the conposite su strate he conposite substrate 10 wi || preferably

al so conprise vias 14 and wiring lines 16. The conposite substrate is now
ready for sem congiugliehigevitar | eumédignand félitﬂ&@ﬁémﬁbﬁ beN tHe apfhheric
Sem conduct or t i ni r;sg can "‘lézs)e conﬁentr onal _area arra |nt¥§rconn ctions with
or without uffBEF¥tdls niRcEPEnPTEERhe TPERE g HEf ngow
conventi onal isuplace rmm:nt i ew hnelrefyisgelceas apdl |- 1§;crumbpar:r ayptic&GA) ,ankland
grid arrays GeGiln Ola1Pougganl fod NCREANAELIdRIS, BEIAIS 00l 31916, nel osed

structure an Process OW COS di nensi ona ont I‘O I ow di & eét I‘I C
tgonstant ; | ottlghrﬁwéﬁeecah StEeRath 9néfhlfgé1at:m1ena§1 %*‘ealtldetmaghtemmm

t[\)| Inner di el ee?o PE; |o@§ebﬁ fc&blfbhtti/ng} QaRiNEESEY shaBtd, beabréds,SbZzess1uidn

abDlI |ty to tall or oduc attr utes Su Ctl’l const
Foughnass. t RapEn FELRe Chal A dhb e LBy a BRI T 3o GedrriiTe R BhRey al
and nechani cabyer-dpeileyves. ahd . 1@cinornetdl edihGgiomi xelSubility 2 dheadcand
embodi ment  agegbing, LR dry 1501@/ tfhi’i‘exc‘agﬂﬁééﬁ:% HEL &)1 26 ARG B_réceas%qn y

artially densified ceramc has _been surface seal ed or
F illed with SANG}EORsE o‘rheéﬁ‘ooPﬁé‘?ﬂﬁt‘é’leals’ﬁa@?l&bFXIﬂe?n‘ii ngﬁlf‘%ﬁ‘b‘rblllréﬂ’ng’lltbw
_dr el ectric cephstadiiagingltecHniuddR 200g | ow CTE, and | ow noi sture
absorption. Fabrication of this structure can be obtained by using a
mul tilayer-ceramc (M.C) type process involving preparation of a green
sheet slurry conpremsiergnéebtirs RFlivmesic angterisoisy vepLwl ntrer thy seamasite
sol vent vehi guBstsdest east tne Oblres i@l I rtﬁreraﬁdmsoltﬂentdevol ahéhhtﬁﬂtals(ﬁﬂct 0

formgreen s Af t rati sol vent

bl anki ng opeggﬁ'&textshg ?48338? Oﬁgfgeel%stegr %’gtfé? e]tgié]]febc}r' BOF et&’é’ﬁfﬁ?tr on
by mechani calnapUhEhrariga,tPaser (®EN) i ng, ﬁ@dhaﬁrlz'élefﬁ?i | | i;ghea.beamand
nachi ni ng, OpoCiediiuilal ) /86 LHUIG 1t RSeguaHa18EE RS erdld L1 1M i@ SRdEINGne

i nvol ve persgnalizati enpl oyi een-on t al te ryin .

i nspection of “IAHTYi élg(gllb) gg?g’itfm%%heg% LAk FngPa ra?ﬁggt%‘ﬁf’?é acid

| ani nati on, BHRYkEfp-hdmosy naplicheld iscadi GNAOE HﬁtPaLCBndnéeﬂm—aCPs}ilrmesr ng
of the cera ] t to | ev 1 I 0 uce. a

bi sque fi reg1p$ gxx?(éﬁ}i ?‘rgg:%l téata(t net'wo fif‘gr“ ?)“%r!gﬁisg%%regﬁ}t nﬁe

structure i sbuheralr datearflsniath Ié?tf’ cmgamadyether gamisieet GEL) ¢ poﬂyﬁr@P and

sol uti 0{1 or sehyeetérfsru@_eoﬁelynﬂéﬁe@gepraeegtl\eﬁan@nqm lratatgmerlow CTE
conposi tion

ﬁ th e Lorms sur.f ski .n- ll% aI or fills the
AR - AT L SRR TR ML R S g SRR S R MR
curing or polsyﬁremrzeatpairﬂpmdvsdetsolaflp\oﬂw‘mly@rscapsﬁiJatsedaJstmamSursech as
Subsequent prt%ﬁﬁéiﬂg bwﬂé@%ed%%ﬁ‘oh' O{bu‘ﬂonp.adcﬁ%a' 'ah\é?)’ Uﬁ&ﬁﬁi“(%ﬁe

test, sem conductor "device j ol ning electrical tes
connect i ons. IPABPEFIG0Frafet Hé‘“‘b’oﬂ )W‘@Pdfr of polydpigesy avitth thePedtesitiersed
?elr?m c c?rrgmssteg@ody;lwskl d@ﬁﬁﬂﬁhﬁ&m t h,fﬁol)%selerof sheeos; typbl’!nlﬁlﬁ—:l’rﬁrmeﬁe tge
itling o 0L OSI 1Y, only t Liace regi encapsul at.i.on, an
the density %%tl{dg éaq at(tpgg)n ?-%'e)f efbrle spo? r‘rJers gg‘?ﬁtf%armrhnagg‘f E1
sheet sl urry frem tGﬁeepel yHtectiidled R%V&Wbﬂheéevﬂrr@lanerbmemmecs ‘
essential |y o@upRet etesideRelya® 4R, t 9. FDRYBBEL &h @rombkta{)rml kYLE§5ATRQse tO
-22 18 MAR 2004 nononerrc/olrgonerrc speci es which volatilize when
conventionally heated in a binder burn-off heating cycle to 300-400 ~C.
Various polymers suitable for this purposelrnclude a poly(al kyl
nmet hacryl ate), preferably, PIMA [poly(nethyl nethacrylate)],
Pl ~1A- pol y-n-butyl methacryl ate copol yners, poly(t-butyl nethacrylate),
PocMs [ pol y(a-nethyl styrene,)], polyvinyl butyral, polypropyl ene oxide),
and PIB [poly( isobutylene)j, Pl1~IA-PIB blends,.which readily depol ynerizes
at tenperature |less than 400C. The electrically conductive netal paste for
via fill may conprise a netal powder such as. Au, Au-Cu, Au-Sn, Cu-Sn
internetallics, Ag plated Cu, or Au plated Ni, and optionally an inorganic
particul ate such a glass frit, in a polyner binder systemwhich is readily
renovabl e by heating at |ess than 350-450 C. The mxture is mlled in a
roll mll to forman honbgeneous paste. In order to provide a polyner sea
or encapsul ation on the surface layers or for filling the porous regions in
t he bul k of the substrate the structure |s treated wth a soIvent-Iess or

Y o _ ., o



-23 18 MAR 2004 constant (2.:65 at | KHz to | MHz) and di el achrk&km
i ,

tangent (<0.0008 at | KHz), resistance to solvents when full

and high thermal stability, and | ow npoisture absorption. Qher |ow
viscosity materials can also be used for back filling the ceram c porosity,
for exanple,. SILK polyners, polyarylene ether,. low . nolecular weight
cross linkable polyorganosilanes such as pol y(net hyl si | sesqui oxane) whi ch
can be obtalndw solution w gh_soljd can be dispensed simlar to
the BCB sol ut | SRRy LERPY § F‘Eh‘fj%]r'am?e’s' Ebsf%eWQiC? hufepepolymers,
crosslinked ifoul abiangleat r BEB+DVELEr AUYCLORENRt a}esriatsv\or(krad?a(anﬁngs Obow
ot her therno ly t can u f.aor post-sinter,
surface seal S&&é"l)l%%%g? rr§ h%?lf%%sl ?ﬁés'nec Igg cé e bu‘islit Fncl\EFdn
acetyl ene ter%’%t@dep@lﬁyd rﬁI@eﬁTéemP%s-’e?hW mBMY ek sl bismateimides) .
materials, for exanple, |P-610 or 615 oligomers; |ow CTE polyimndes, e.g.,
BPDA- PDA, BPDA- ODA: bi s- nal ei m de-triazine resins (BT-resin), cyanate

est er- epoxy bl enddMOB8| SR FCLYIRIAR maseEigls 6€ﬁeé§e¢lt8Aa’€Y}ﬁ & o (afy khe
ester, BPDA- RiAyawirdcatdtdriadsesyitander Bhnicetpo®i tf isabstratite abeskBGhg to

ceram ¢ structiye I, b I|ct|on of _a h

viscosity polti'/llrfrier g‘ﬁ%n?&r%gn L }Lar]rftqﬁﬁ%gxen%ér‘gf%eg%% ai g o i ?ﬁ]s??‘gt FUR
pur poses, t hep%]M‘ﬁLQSFelpgl‘ﬂlé@t &PDA-PRAa PHIPAOPAde Pe‘,ibh'pw targh partliaady
BTDA- ODA, BP%L@&na@%Fﬂ i al pyryini@rd nat Qgrﬁgiﬁbam C pa¢E th&F o DRk Pl Bene

ester) such a xaflupro js lid hthallc anh plrld
oxydi ani | i ne %‘BSE)‘ g g’(t%e%Sé‘ggy%’adcfp Ran® & eé‘eaboaf 5y~
solids in NI\/PDth spln@yanwcprlctﬂ andethei quideappl-ocat |P0nahm hadsseéandrpI

baked/ cur ed gr o] f ac h L ge.
Uit 18aREQ O YT ANEN bl fAHIBACE L D DEodil) 0C. g}m 1§y

tenperature profile involves] starting at about
programed profiéraseig POLYENHASH 1 afip PMRAeEDATANpBRRA-E58E, 216- 234@6 BRYDC,

with about 20fdmived dren eachbi2fs- (4InbAGRANGY) PRBEFIAt-teRa £ BI-chirBahhy
cured at 350- 345G f O, #5; 695114”%9%@4@1 %CQQL}I llfaggtor' eaféo&@h@m

before renoving parts. l'yi m de sol ution can

nul tipl e appl{entivdnide b‘?Ml?Aﬁcr é&@r‘?ﬂgﬁ%@ﬁﬁe%qwaﬁ?w%%aﬁw kdiamhardm@eon
to the surfacand aypens. 4| o tthaizophshanee, tdttrabSrlﬁde_,ifl&E:r edci@atdﬁtxﬂ@area@h

appl i cation, r b ot to e bake out 150 C
and. cooled t é}'?)e%(rp’nh%e ergtxurgi%ef grg naor?ot %gé%ﬁ%}in Fie t x’?bbl CARtRr
the final apRe'¥aridas whirk <gpj edwed keo asd JéLPr]iuﬁg ttéﬁ@eréﬁm‘eeq:)r‘émme

up to 350-37 a@a-Beher elgg, r@uau@nFngm PolvBei® 48 adbselOsRd 3rSREPREN

enmbodi ment of . {.he RLES ventio str te 20_ingl udes
multiple |ayers of E’g%ggn&?lc %foﬁlaf\)/u g oggg %‘%’%\Aﬁ @I“fll I‘T‘%‘(ﬁ\ﬁr{aﬁuﬁsor
pol ymeri c nmat@¥iudios0. o héhporwqe,‘spzsdlrsg comﬂurmb{!@dt hfidaghasit Udidex R

conposi te subsidiat®120 ﬁqmi hatuﬁehemmswmregc ]ﬁ%t erl %e?»ocﬁﬁ@an nfidgeat &
t hrough all of t he ggres he conposite sub preferably

al so conpri se" a8 242hhe vﬁ"rﬁpﬁgtp?ﬁeg oBhe A2 S tp8$Y’t"Héles§&6ﬂﬁl atter
enbodi ment of cutiagi nw et 360 -#80°Chdmmlude :Ffguee8teitdre, 2 @Saposiitedectric

SUbSt rate 20° cct}%?ta'ﬁ%r a@ G- hayers E%% VY'etanBQE%—%)é gﬁea}é)n tstbe96§$ee9%stlc
conposite substrate 20", "however, meric material 32 Seals

out si de of tH& osi 1 & dlbsFrat ecﬁ'ﬁ 3ar%’98ﬁ(§ pat t itAPTS i Are | PratEE’lbnt o
it, thereby |&hdniganedt p@ﬁymmm:sstpfz&rzflrsearﬁvfenpbbzynhai/@ eRtellalt 32elf
Pol yneric mat 2, i pr m de s'ting
in, areas 34 %g)ﬂe?ﬁgg e+%(§1§r{>c %fghg%nt%l%s ac?e%o é:a?g]?n co%gu% or
devi ce (not s%féﬁm)laﬁ‘llnat@@“@%g %iﬁdwrl)l aRef @i Pagd sy COBPS Hifr daBinates
met hod of makiighdufte regeDNihee GROUH F@an@bhatbednanggt iy || be di scussed.
Ceramic material is mxed with a polymer binder material in a solvent

carrier with -25 \
12~



18 M A R 200g appropriate additives such as a plasticizer, 1@ Mé ZQQIB
surfactant/di spersant, antioxidant and coloring agents to fo I Be n

63, al so known as a green sheet slurry. The aforenentioned ingredients are
mxed in a high shear m xing process using a planetary mxer or a ball mll
or aroll mll to provide an honogeneous slurry for casting. For filler
wettability with the pol yner binder system and di spersion stability, it is
general ly desirabl o] rf ifV . the ceramic material _w th coupling
agents such as or g@}l%sﬁﬁgng%gr%lgﬁgf%t Akt egh%r_PBFp?%e bPEncﬁS"i‘Fg RFe¥ethe
pol ymer . Al t eFREERSACN, axe pthasec| derdyefladeonpdifigangplagent ocamsehef Dexiadel n
with the orgapkechisider w¥stemand gee tbe cehRiTs-ORt elidl (hg b%ﬁ,gg@_ep%' n
0

to formthe ¢ %%sﬁl,urre%/ﬁ.; The 1?0| ner binder is chosen so as
depol yneri ze a8 henusHeq dSERERT 1eApcsTranhydyids (BRDA) f rieenyleneast
into sheets (dadhiote gfREan )sbetyiiden soloaalion ecast Viilaal by REN £0!yativkene

or pol ypropyl gp j e i rocess. (64 in Figure . After a
dryi ng operati oﬁwr% (ﬁegﬁﬁggéfgo?%{/eﬁﬁéﬁl% ccas _ ]Saé“elélﬁg?saa‘%lélﬁki%gf%‘é%i on
gener at es t he Te@ag trd@ss ipder ridiey itatadé nempe PEILEX { hBeconposift €hs ubididiredand

punches regi sbiat sami 1851886 ERRAT Y roQec@l 4 9NEt e The, Pagking sheet .
material is theE ,re.rg*)?ved and vias_are fornmed (66 i1 n Figure i n"each I°ayer

by mechani cal §, Prus @Pegipt Innegerbies dnilewl iy pdepniGRE (ehewt 5 REed
with an el ect 10¢4l apdcodnguckictveoofey) al 1w aliledebt iy @ohytadhigqovbas, 0an igh
filled with a i 6 . | Y2 I r Lvely, the via -
met al | ur gy 'caﬂg&g‘éﬁ{‘éqr( ?re yaqf' i J[dllﬁtgé\?m%]ﬁené%?%tr?e%(f&cfgggg?f’eﬁoﬂww&bﬁe

t echni ques suBPPAPLIPR: (hgSDrthanblFhctandehagl I, 6r4®87Chechani cal'ly
positioning electrically conductive netal elenents, for exanple, nolded or

i nserted by pressi i n al -spheres in_positian. ere the vias are

filled by using arﬁ%l 55’[‘3??_%5??y R Tgt‘l%&lﬁlfogo’éo%c‘ﬁ’?@sbﬁ%t%‘,bsttﬁéte

green sheets hree diowe goebf iaimmie of ot hariniads exifreriont Kersfagrblly ahekshithiangs

metal | i zat i Onpjatece ERsm aF sonf @ERBELQUrknEo SAboPAL & 15@%@1%%@&@}%%5&@}{@
u

70 in Figure, 5 reen printing, or _extrusion screening a conductive
E)ast e formul af%%jeév)ﬁ)éta%ﬁ%{ ﬁ\éetggl t?’F‘PI gl) -uSPHg BEnGEﬁ?? oSN tateyérleerar c
fabrication t&etndguesiecAroainatrad ysiohe silghatednst Mida, ngrseta) | EBaéd on
can be for rredsﬂm,sm;fd;—gﬁizal 3n346.0 2880, bY@ 1deeq! ggroocgﬁﬁcé&@g 5081 | re

transferred to h%e sulrh acg of thié)green sheet_ .l ayer. Tthe 1ndividual l'ayers
are inspected”and FHER FheSiRsPfed > iither (WFLEHLYY) -aPEher iddredeamicht azked
(72 in Fi gur ebajosigligetagobadshi mndonistucds pokysef. sheet cepahie Ma@prags
bottom | ayer scof Heh&n Sl keorANge | ARLRAL LT 4BLPT ARy dr gul | niaxi al . press
at 150- 350C ancLf 200-3200 DS ress%e to onr_m'a Sr@f)ulg%l% grtliéjlrr?g%hrr%ro%i ?8190‘”

i nt er connect IFEr ure@kshe¥ &r , APPetRerldkPe Bod\iScsTRREE aropraips of
Figure 5) to pokwwrperfdller sofifdsditest partdemobyercre ihetypoly ey, bimgder -
and renove thg;carhgpace resi { 0.,2,,RL0C igh is _conventionally
known and practiced as blen erp%%Egﬁ%ﬁ .QOTH%ES? %tigrl}é%gn% éjr?ﬁérlca %f%’r?“s t hen
raised to a tenperature sufficient for the ceramc to partially densify

(76). Parti El dengihki ﬁ&ﬁﬂ)ﬁlﬁ:@f SIS &t ’ésotilel \tEEsﬁ&&'eni:i %ﬁ%tﬁ%ﬁe&ﬁi e l‘ﬁad?c

porous or s t Lamc S J.S we ngwn in the ceramc arts. After
t he now por oﬁéyc%lrb grgngggb% ymuﬂgxgg%liead’ %8 ?&Prﬁclﬁ’g‘ﬁﬁ'e‘ﬁ%ﬁaﬂ\lg AP 5veB%t om
t he furnace, $hRetsorpdethen daménpbinnehed pr doiroushy damppaite alubgteatésl |y

infiltrated (7% i BuFi@Ube Shd NERdodg e POIAUSL FAIANLS, bpdy. tl)
the | am nat ed strg%gure IS subje tptgd {:o as pl g_ti ngn%?%cggs afc(%lrméﬁl%#%ge 2

fini shing met¥edésdsPt iSGHUeE | JPNCPBRCHAF Cafvlet et e dnass Bape Gedsast
Prior to surfeare $unfaid njavat esastiadne sudabaed kayenppeit bRigR7dend B MAR
200g added that is especially adapted for supporting high density

el ectronic nmetal conductors and/or high density optical waveguides for the
transmi ssion of el ectrons and/ or photons, “}¥spectively, Such a surface

| ayer is shown in Figures 7 and 8 as surface | ayer 86 havi ng wavegui des. 88
(e. g., an optical fiber) and/or 90 (e.g.,. an open channel). Figure 7
generally corresponds to Figure 2 but with the surface layer 86. Simlarly,
Figure 8 generally corresponds to Figure 3 but with the surface | ayer 86.
The conposition of the surface layers is 30 to 100 by wei ght polyneric
material and 70 to 0% by weight ceramic. Alternatively, ceramc-filled

pol yneric |layer 98 can be fornmed to support wavegui de 88 and/or channel 90
as shown in Figures 10 and 11. In this enbodi nent, channel 90 should be
lined wwth a |ayer 100 of polyneric naterial. Note that channel 90 is |eft
unfilled. Lastly, polyneric surface |layer 102 is formed. As yet another
enbodi nent as illustrated in Figure 12, sealing |ayer 32 shown in Figure 11
can be dispensed with. Then | ayer 104 can be a ceramc-filled polyneric

. e = e Y o,



Where the surface layers 86, , 102 and liner 100 are to' be used for high

densi ty optical wavegui des, there should be no ceramc fill [ '
surface |layer. The polyneric material should be an optical Itﬁt MAB@Q}IFH

| ow (optical) loss material. Sonme exenplary materials for the surface | ayer
are fluorinated polynmers such as fluorinated and perfluorinated polyimdes;
acrylic polyners such as fluoroal kyl . (nethacryl ate),

per fl uor o( met ) d_al kyl net hac hoyropol yer s/ copol yners such
as PMVA and %}ﬁ% %gt‘“‘?ta %% SR %“éy °o‘i3%/‘ %ﬁéﬁ&)ﬁéptﬁeﬁ deiaoidend
-28 18 NAF@QJOOQhar @rmssmsmloyxl iof pelegteoss Ehe/mvpgutdiﬁ;i ca PE1IDPHE cal

fibers, open ghann I t o] tl ewdes The
di el ectrlcl? ma(?erl a%legh%g m(?% 4 ralbf)égﬁ%%tze?a ghgf @%f’“l?n ) }éf Y% 5PRPT on

so as to ref riqe Pherqraghe- gﬂ%@e@blﬂerwctmﬁtrﬁl’tlﬁé epelynaie filledicelrabic

apparent to thasarisil] Tied fidinebes@rdcthayvi wo1T egaudsct 8 ddiss4i scl osure t hat
ot her nodifications of this invention beyond those enbodi nents specifically

descri bed here may be made without departing fromthe spirit of the
invention. Accordingly, such nodifications are considered within the scope

of the inventf OrbeQ%mkéﬁEiﬁ%ds ended-clains. -29 18 MAR
2004 -30 CLAIMS: 1. A conposi tglé% zg%éru%tggr%gergprl sing a plurality of

adj acent | ayers, each of the adjacent |ayers conprising a mxture of a
polynmeric and a ceramc material, wherein the substrate has a coefficient
of thernal expan5| on of 8 .to at 100 C and_a dielectric constant

less than 4, said®cSRPRNTLE 5%%'?’%&‘3 CRBRFHY YAt etPYes® a§eceremif-6ptledhl
and/ or el ect radagisulpsivaee eombdaiteherteohpl) swinrla &t it ilayed using

conpri si ng 1%&@)&r&£€%1&9£¥”§ dcmggéfl;ﬂlgg Ay ﬁyééfa% fotlf‘erscuggor“ nd. at

| east one optical wavegui de. 2. e conposite su BSTF
each of the I%E}’er%mé’c}ﬁ%rf‘sé‘ép%@%ro P@G’kﬁ%’r%ts%"ﬁé}lyﬁef@é hmhemealfomcm to

70 wei ght % cendrioodnat®r | abplidat Thes corma&hb&s subSEbﬁﬁﬁQOfp&ﬂy%'eﬂlhi’M ein
each of the | S to ht i C terial and 40 to
@aﬁ@rgleggpgg ﬁlﬁlégol 80 weight & 53%&”%% ug&m@ngl andas o o

60 wei ght % ceram c he conposi stra
the pol yrer i Clé'l}ﬁfl@FFSé_(Bl%:aggfier@f%epregs are well known in the art. As one

empodiment of thlS invention, a ceramic reinforced polyimide
composite is formed by dispersing ceramic filler in a polyamic acid
precursor solution which is then converted to molding compound by
first solvent removal and then imidization to form polyimide. The
molding powder can be compression molded under suitable temperature
and pressure conditions to form .composite sheets. Alternatively,
the polyamic acid-ceramic filler dispersion or slurry caﬁ' be cast
on a carrier sheet by conventional coating processes such as
curtain coating, roll coating etc., followed by solvent removal,
and optionally partial or complete curing and removal from the
carrier to obtain composite prepregs. The ceramic filler content is
preferably in the range 10-70wt% based on the ceramic-filled
polymer composite material.

Such a composite multilayer substrate has the advantage of

~14-



fromthe group consisting of fluorinated polyimdes, acryli I
"pol yet her ket one, pol yesters, and urethane-acrylic polyners. iﬁm@% te

substrate conprising a plurality of adjacent |ayers, each of the adjacent
| ayers conprising a mxture of a polyneric and a ceramc nmaterial, wherein
the substrate has a coefficient of thermal expansion of 8 to 14 ppm C at
100C and a 3. dielectric constant |less than 4, said conposite substrate

bei ng adapt eqlaquh ugﬁog&%@naﬁ&stsal:h&r}mlorexﬁgﬁg{&prye%wéek% r@&ﬁcoﬁfa& &0

one of the plura cent iﬁrs supgorts at | east one optica
gl

wavegui de andief"&??hé‘b%nﬁp?@( g at 40P cand & conyepticad P’élft"r?él EHECWHEE t he
plurality of Hoayar s(dumer i 51-NepbR%edy awelmn°cpol yHer idonpeketé alsubStrdthe

t bstrate of t t t.i cal i de j
Chamnl | he enamnr PR AT TR rEoBBSIREP s
mat er i al . 7. nEtercabpeith eviaibholed ef Dfleg] aiioh6 anhedertrided lyolopmdnccive -
mat eri al fOfTﬁag%e' wearltagq %{.Inaqp dthéy@{ag %aﬁ%gcfme& rmhtg&%r QPa1 to

consisting o l'uori nate acrylic polyners, polyetherketone,
pol yesters, mvaﬂetqrrawed@aﬁylmtwoyﬁe%wns 18 MAR 200g -31 8. The
conposite substrate of claim1l wherein the ceramic is selected fromthe

group consisting of silica, fused silica, qua Iumn si.licates
magnesi a silicat ersCI‘e b&PFROEH TS c SPREST AR ﬁ?q} E? sfa?)ﬁé?%% groWhBafﬁﬁﬁl te
substrat e of mlomiesséd\ilkereesot Iserpal yrocesseditlayens. iog Ine lhecordri riat dom tdfe

group consi stdng (f, tbs&mp&@ﬁé C pQl ¥BRPSEfoe [fupROLYESIRRIA be Jpuile in
LCP-t hernopl asti ¢ pol y bl ends, flexible-p]anar chain polyipmn.d

5i | oxane pol yafedés?! “F’I%FF‘F\%IE% tﬁbP&??ﬁ%é"é‘Chl ¥ & RBYFPaICOER p&Hd 6n519na1
pol yi m des oflary@ﬁf om led ther UCiidsr end tilmed rbdhals pogepdlayres Szetween the cores.

pol y(cycl o- ol géelsrbp%é’( ﬁ??:%d% rg&k't §098) . cSX%akﬁex?SBSr dB8hNTo CHNAL €

ester/ epoxy blen i S-ma sins,  pol yvi nyl

pol y(al kyl net¢rspogh &8 e Sypbs beASK al PHrrErRyiEel¥ ene) carel ﬁFR‘E‘Eﬁf‘E@ tdfaxidofbe '
10. The COWDO,ﬁjxﬁr%dSLﬁ?ﬁtééﬁ&éerlanlﬁl aadinbenaiyereaesh @hielbecfilcurald tyewfl

l ayers has at ogg%ckoonEEern, at least one suitable top layer could be added to

the core.

The metal fillers for conductive pastes for interlayef
connections can be, for example, Cu, Ni, Pd or Ag powder with a low
meitiﬁg binary or ternary alloy such as eutectic Bi/Sn, In/Sn,
Pb/Sn/Ag, In/Sn on Cu or Ni, Pb/Sn on Cu, Bi/Sﬁ/Pb on Cu, Sn plated
Cu, Bi-coated Cu. The conductive paste can constitute -60-90wt$%
metal filler by weight of the total paste solids which comprises
organic binder, conductive particles, additives, and may also
include an inorganic component such as glass powder. Surface
features are comprised of a high conductivity metal (e.g., Cu)
which may have a Ni layer followed by a thin Au plated layer or
surface finishing metallurgy for solder connections with the

- semiconductor device and the PCB.

-15-



11. The conposite substrate of claim1l further conprising c es
bet ween each pair of layers. 12. A conposite substrate conpOT?MABEZDGE'

plurality of layers, each of the layers conprising a polynmer-filled ceramc
materi al wherein the substrate has a coefficient of thermal expansion of 8
to 14 ppmi C at 100C and a dielectric constant | ess than 4, said conposite
substrate being adapted for use as an optical and/or electronic substrate

wherein the polyneric material filling the ceramc material is selected
fromthe group coRETSFHIRG BEY fHoekhe | HIHFER k" ERarEndetst il nped parsirekarly

polhyl ;n desI Imf/eﬁfﬁa@oltw idese f4, EOEbn&beﬁl Peey i B EQG.c-BRLYERT YhePRGeric

et her pol y n enzoc ut enes nate ester_resins,
cynat e ester}%}é 581%% &n ség |5‘-$Té SR de (éé%ﬁfr?eas’i‘%g‘l’é% wr‘rf:kt‘i}’reegdt)ﬁ‘@rreof
13. The corrpdlf}‘lttféxsubsﬁt restlarent c@atr:mrlzuthlr@momarpelacﬁdwg:mesus:fxaceasl ayer
conpri si ng |Qﬁ%‘sQYcﬂ!§‘érgh§un‘¥%JdégﬁEy§1é&Iz§Eh@l 288802 A LG gei?ﬁ*}%%%éﬁtgg at

| east one opti cg vvave uide. 14. The conposite substrate o

wherein the pr ?r’é‘?ldds Faiom S sT]%%IaéEF%‘Herfq'Wh@S(ﬁe@l&BnE%r@esmm@ feid
fluorinated pohyghidtes: ﬁﬁtn}dg @rbﬁéym@ing olppehBesketRer Polyeal £hsiiand

ur et hane- acr yj osi te substrate of
claim12 V\he)rég: % gﬁgyo ]Iah Fﬁ et y ogm?%?/réeroélssﬁgkﬁléﬁgp CPERERI ondor
optical waveddider awtf‘-eﬂpxh&y c@mtbr Asspeysdosurdtadd linyer iadjacepénd:minhe

one of the pladcalitde @b Lavals ﬁQ&rPfl} ihggfljiqg@ %Xwa@xl %Ehpéﬁ II?LE% agents
material. 16. The conposite substrate of claim wherei n at

optical wave§UirBetg SrEan BES QR ERRAIEA P LPE t?érl°Eo"erPF'§‘F¢fg‘gaw+F1héﬂieof
100% by wei girolpoéy neiridernayetéml Altérndtivedgnpesifitlathairrate ﬁcfudicﬂyellnim 16

wherein the pELYEe{d &ilBE&L@! +£,0Md1! el: MVQ%QdVMJI%CQn %‘:%Iér g(?cfﬁ-rée(:t ed

fromthe group copsistin f fl uort nat I'm des, acr
pol yet her ket GREXYHA y &dpgps, SW“‘UPE%%W@ 8&?’9@1’&9 g8l W‘Er%era!mc ﬂ‘-lfﬂeler
conposite substrate of claim 12 vvherel n the ceram c is selected fromthe

group consi sting thx%lc};\fa}ne fh%ge}g ]_SI G2 QUALLZ, al um g i.li cates,
magnesi a silicates, ‘Boria silicates, ARac st ur £ Ry RSB ES S
to prov1de improved interaction with the matrlx resin involves

blending the ceramic powder with a 0.1-1.0% (wt %) solution of
Y-aminopropyl triethoxysilane or B2-1100 (Union Carbide) in
methanol or ethanol and roll milling at room temperature for a few
hours after which the liquid is removed under vacuum, and the
treated solids are dried by heating to about .100 °C. Other silane
coupling agents for surface modification of the ceramic powder
include vinyldimethyl ethdxy silane, vinyl trialkoxy"silane,
hexamethyl disilazane (HMDS), divinyl tetramethyl disiloxane (DVS)
and related materials in the presence of aliphatic amines, e.qg.,
‘n-propyl amine. An adhesion promoter can be added into the paste
components if desired. Preferably, the polymer matrix selected is
such that it contains a pendant functionality such as alkoxysilane
or vinyl alkoxy silane having an affinity for the ceraﬁic particle
surface and thus providing in-situ surface modification. Similarly,

organotitanate coupling agents can be used to surface modify the
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19. The conposite substrate of claim 12 wherein each of the % rall f
layers has at |east one via. 20. The conposite substrate 0f1 1#3&%02
further conprising conductive |lines between each pair of |ayers. 21. A
conposite substrate conprising a plurality of adj acent |ayers, each of the
adj acent |l ayers conprising a filler consisting of ceramc materi al

di spersed in a polyneric matrix and having 30 to 90 wei ght % pol yneric

mat eri al and 0. wei.gh (V er al .. wherein the ubstrate has

a coefficient &g%gfh%nr?ar tg’xrb% ?5| 0 orq!qg‘to 135’168ﬁf§§t%(?6 &ﬁass can be

di el ectric ceddednto| dss blhi@inmsysamd womyodiot dlenléng aire dmsiamgcadapres for
use as an Op‘ﬂyﬁ%aﬁnéit%na%'eéc%ﬂﬂbﬁlfUQ?&& afi@r whes sl ”f{]ffl]%rp?rLo\ﬁrI‘ﬂ{:a Se@mirix

is selected fromthe_group consistin E yesters nar
chair polyi migelude; F%?(%’?@Yﬁoltflrmél%tylfﬂytmp AEPRAL 0| i tAngss, |1§mpr¢mrlrra|

expansi on poltyineeegampaby (dgnaeayabphtitenasy, 0 Waerkgngaihgi), . cyanate
ester resins, cynate ester/epoxy blends, bis-naleimde resins and m xtures

t hereof. 22. The conposite substrate of claim 21 further conprising a
surface | ayer 1 BheVaRpodige 8B3uranmrhusi firornad) ¥ sbyaskeiighd s',dtd%ttsexd:@lled

mat erial andgsWbhabhgelo] SWUPPRPT LLRPi &, | ASicONS, Opmwcabow ﬁgfs%§

The conposite substrate of claim22 wherein the polyneric materia
sel ect ed fr oRPL¥RTYNIEHC bASKERY rf@)atﬁfrlﬁﬂﬁor?ﬁa?é@%ﬁﬂ%/l%ﬁlﬂés thgcegmpenly

pol ymers, pobyethixdeishrer @oitiast procesndsur eh hainacuyl i aupeiaRIwe1y24.
The conposit fra of Iai m21 n_on of th plurality of
% ﬁblgglt{e &) nge%sy\'hn %s eb %}ﬁ dnefll&r %ﬁ‘é usion

adj acent | ayers Support ne opticar wavegw
conpri sing a°§u%ﬁm§€lpamlda@pawlﬁﬁeﬁ hdigheard welld lgllqmmainttyneo&radjmcent

| ayers COWprlthbngla]tQ@% byrd/&lsght solvieakynBsd C Wah@frh@ghasél@5 polRRefONpEsi te
substrate of cI aim | east e optic de_is a channel,

the channel Ofﬂ%?lc e§| Eberéds] i Her"of 180958 eﬂ/e\,\ﬁ‘b 9p5‘F§;ﬁg}’}%¢°Slty
mat eri al . 26sufhabborfyosiindestimt maflding at agani2y \Mteaenatblieh&empéyammec

material for agthechidiflssabf A ent 8VRiniharSE! 66t adof LM the % cast
consisting of _fluorinat SHQQOVKI m des, acrylic polyners,_ polyet et one,

pol yesters, SRGSEFethd® i TY3Ey RRPEELIPR l?hgeeﬁﬁ*b](}é’ Fé%h%%tqueﬁ &oof
cl ai m 21 wherempvée heobwmaniin itheselagtt etlebtom thei iy conhsest | Egrfing

silica fusedisidbfacrdudl bo1y 2l il d%sid)! Gt %o1y™@E0AY 2:8LL] OBt ERdPr i @

silicates, and_m xtures thereof
solutions are filled with ceramic particles, then converted into

molding compound by solvent removal and imidization by heating at

.100-200 °C and compressive molded to B-stage 1aminates.

A blanking operation generates the desired size in&iVidual
layers of the composite substrate and punches registration holes
necessary for alignment. The backing sheet is then removed and
vias are formed (56 in Figure 4) in each layer by mechanical
punching, laser drilling, mechanical drilling, e-beam machining or
chemically etching, then filled with an electrically conductive
metal (58 in Figure 4).

The vias can be filled with a metallic paste as is
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28. The conposite substrate of claim 21 wherein each of the pIuraI
| ayers has at least one via. 29. The conposite substrate off :de
further conprising conductive |ines between each pair of Iayers 30 The
canposite substrate of claim 12 wherein the polynmeric nmaterial is selected
fromthe group consisting of fluorinated polyimdes and | ow CTE pol yi m des.
31. A nethod of nmaking a conposite substrate, the nethod conprising the
steps of: fornlngaa dlsper5|on of polymeric and ceram c nmaterial s; 18 MAR

2004 -34 for ARYEREHMAL G SrerB t%c’@ereé’e@réﬁéé‘ﬁ% OF t FIH9Rgeging eths on:
form ng via Ipalsee tlirceegtha afietidlemgsleaim s:bﬁeaet; viiith| thg cibm@'ﬁbﬂ‘:e aeRdHEE®r 1N

the via hole gf, th green.s s net CQ ctor
surface of ea?l\‘ ggﬁ}' MooS| teg ?%gaﬁﬁs ggts Eac ?%e(gnc}' 14 'ir‘iﬁ?lﬂb{h he
plurality of spddén H@ﬁéét siepes{tbﬂn by cknpusi techubmtesat s aslj ntening or
conposite | aygberhgdivdiageén COsET igy QﬁﬁclﬁimlEQfIﬁabogi(mn%n &fec%r&gai"ﬂ/

ppm C at 1 00C and a, di el ectric constant |ess th an 4, the conposit
substrate beiP7MaEPIeTG FPbeRes anWpis e didsor el &diledi by s\%‘s“tq & e,
and form ng a:osduéema payee, tihet ﬂbt@l]fﬁedugﬁe@s s@@eﬁ@tdﬁ‘e’sﬂiri\@&'e%bﬂ? and,

e 1 St BASR) ALl D 2T L 0 PRI L e ST BES L SYRL L e

conposi te subst ace a er Conprises
pol yneri c matodr |té|e ggoen Hheatetlhydr of 6 €| & rﬁl@llrﬁu#t hey somgen gngtime ot ep

of densifyi n@gxdchasi®t %lcrﬁgﬂﬁ@taoéoﬂdhcttlieevﬁshgl&?rmgfl_agé& ki 9f, icﬂﬁmgigﬁ{b
sheets. 33. Th%ﬁget lggsof claim 31 furthe L’I sing the step of

densi fyi ng t ¢ hdUEiny GRnYHREionA aB‘é‘ tlaveeh cpramie gc-raé’éh"%%’éé’cs
34. The net hddcbhigqhes mA3temirristedyt heharstiighal emduetnimg nethkEl Mazibal &m of

each of the @LeBrbgchiont ABRLASRSA0!UAPLANY & HeeleMfoceld) ThE dRENOC
of claim31 wherein the nmetal conductor on the surface of each of the green

sheet s corrpr|t§é‘§55e¥1’é‘?dalt°déﬁ%tlsur§8‘ceTﬂ§ th& H8deBf cl ai m 31 wherein the
di spersion conprises 30 to 90 wei ght polyneric material and 10 to 70 wei ght

% ceram c materi alI‘he BIZetalkiq.zgﬁt HQ eP% glLfm ]erc &' ‘EI Nal %%agle{??lrr%}g(:ll :.I Ui na

selected fromthe group consistin used silica
silicates, md@edba St aare¥e IrAdHag| $<P3é@tnésan@1mﬁrrﬁl%ﬂwecsmehé13e@¢age)

or completely cure the resin matrix.

The individual layers are inspected or electrically tested,
then the desired number of layers are aligned and stacked (62 in
Figure 4), placing a thin non-stick polymer sheet on the top and
bottom layers of the stack, and laminated using a hydraulic
uniaxial press at 150-350 °C and 200-2000 pPsi pressure tb’ form a
multilayer composite interconnect structure. Subsequently, the
laminated structure is subjected to a plating process for surface
finishing metal deposition, typically Ni/Au by an électroless

process.
Prior to surface finishing, at least one surface layer can be
added that is especially adapted for supporting high density

electronic metal conductors and/or high density optical waveguides
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38. The nethod of claim 31 wherein the polyneric materi al is1$£m4éﬁgg0g$on1
the group consisting of thernoplastic polyesters, LC polyesters,

fl exi bl e-pl anar chai n pol yi m des, siloxane polyimdes, fluorinated
polyi m des, |ow thermal expansion polyimdes, poly 18 MAR 2004 -35

(aryl ene ether), thernoplastic polynmers, poly(cyclo-olefins),

pol y(benzocycl obut enes), cynate ester resins, cynate ester/expoxy blends,

bi s- mal ei mi defdresines .. rRAakM{ a4 #0H lcrfeteh@ew&ﬁé e&)d/oeomeewme}gbﬂe%mf&

and m xtures thereof. 39. The nethod of claim31 further conprising ‘LV)
step, prior tO'Thé STEFGE LR¥eki H) BRIM 4 MEERE, Sofst (ﬁ“ﬁ;ifﬁﬁe %alt'%‘%ts*io t wo
of the green lﬁv&ﬁgsmwﬁ@mesubmn(d g.40an T el hoibe&) ahalsr Hu Weegel nud he

pol yneric rrat drdley e dfromthe Jrqu consisting of fluorinated
pol yi mi des, acryl i c apor J;?Jrns?li‘h SR R %nghepﬁ’f 1% ea&yeﬁnébl- 18 50 o

ur et hane- acr leQO& by werghy: polmmeflﬂvemntehmil -@hdcV@itn 3% Weweightogerafid.he
plurality of green sheets is suitable for supporting at |east one optical
wavegui de and further conprising, after the step of stacking and

| ani nati ng, bondi AYTEC SLE 1S5FaPL G HdefPHameRLc JRyesr o4 ran fleufermad) of
green sheets uboﬁpppsrmgvaiz@@%dxy steagitorpehynesl G4nas estican. idZrighiie opthod

O hacnal Tt oy 1A8GCldResh it SR5] ROEOP! LESLLARPH dS0la B ERARN T 1 o

channel further rirsing ‘a 'l ner poﬁymarl
43. The net thleﬂeé aimpteZigheMoite that sb{im i8¢ natleiﬁtabnfl)lrletd’aebhmrﬂar and

surface | ayerpdigmeel &Chadakbbonagdie ogr 9ypei@al. sting of fluorinated
pol yi m des, acrylic polyners, polyetherketone, polyesters, and

ur et hane- acryl ic polyners. 44. A nmethod of naking a conposite electronic
substrate, the neWhede ddrpsbsiage tllagers 80, 102 and liner .94 are to be used

for high density optical waveguides and channels, there should be
no ceramic filler in the surface layer. The polymeric material
should be an optically transparent, low (optical) loss material.
Some exemplary materials for the surface layer are fluorinated
polymers such as fluorinated and perfluorinated polyimides; acrylic
polymers such as fluoroalkyl {methacrylate),
perfluoro (methacrylate), and alkylmethacrylate
homopolymers/copolymers such as PMMA and PMMA/polystyrene
copolymers; polyetherketone; polyesters; and urethane-acrylic
polymers. The waveguides can be optical fiberé, open channels for
optical transmission or optical waveguides. The dielectric material
should preferably have a different index of refraction so as to

refract the light and keep it within the waveguide.

If there is inadequate interlayer adhesion integrity, a thin
layer of an adhesive polymer can be used for interlayer adhesion
and bond integrity under various processing and use conditions. By
way of illustration and not limitation, various adherants that can

be used for bonding polyimide-based composite metallized layers
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steps of: formng a dispersion of polyneric and ceramc mater‘i BIMAR%@ng
a plurality of green sheets with the dispersion; formng via holes in each
of the green sheets; filling a metal conductor in the via holes of each of
the green sheets; formng a netal conductor on a surface of each of the
green sheets; stacking and lamnating the plurality of green sheets to form
a conposite substrate | am nate; heating the conposite substrate to
thermally renmove the polyneric material and any carbonaceous residue; 18
MAR 200g - 36ipedudeal | pedekisisf,yi aglomnec epahy nideser | adetvd epeodteanimatiedi d
skel etal strycigiaaedt &gast 1pagid dk! ¥piddd rRgrhNe rkbdhilas kehebal ashiiugt ure

with a polyneric material” to produce a conposite substrate that has a

e
coefficient &Fom hePRBA-Z8BBanst oh -df 45-tetrerapbardignd aCH] el bepForheagnst ant
| ess than 4, aiswnhyarigesi t 8, substpid-aniabngpRéagted HedzeHEP apo By sHitigal

and/ or electronic substrate., 45 had of ¢l ai.m 44 erein.in_the
step of ‘part Eiﬁe&fﬁfﬁ R %iéﬁa%ﬁé -ﬁﬁ&&?ﬁ;%ﬁ%ﬂ:ﬁﬁj& fgom
ensi fyi ng @ fo3) nduc aire blles vi a hol ed @h zachy o e s
sheets. = 4GdiJﬂﬁzl@L_tlBQQn&-fbi%b%h%é%1%%'(:@1@ 'pBlinkl@rsSt ePon eRah 'jh@l | Yhe- .

densifying the ceram c material, further conprisi ng densi fyi ng e netal
conduct or onPYFePiSrBCRROIaMeE o[ HOTENE 165iBf, Sfade ame of Dow Chemical)

6FDA-ODA and BTDA-ODA polyamic acids (available from DuPont),
polyesters, polyalkylacrylates, or low molecular weight aromatic
copolyesters or homopolyesters. The polymer adhesion layer
interposed between composite layers results in 1ayer4to—1ayer
bonding under the temperature and pressure conditions for the
lamination step. In the case of fully cured composite sheets, it is
preferred to activate the surface by O, plasma exposure or by
chemical means, e.g., chemical etching prior to applying an
adhesion layer by spray, roll coating or any other commonly used
surface coating teéhniques. The adherant coat is then baked to
remove solvent or other volatiles and partially dry/cure to form a
B-stage cured non-tacky surface. Subsequent processing can then
proceed as described above to form via patterns, layer assembly,
lamination, and deposition of finishing metallurgy to form an
interconnect structure comprising a ceramic-filled polymer
composite. Alternatively, the adhesion layer can be a fully cured
thermoplastic melt-flowable polymer film which can be bonded to the
ceramic-filled polymer composite layer by lamination prior to via
punching or laser drilling, using standard techniques similar to
the commercially available acrylic adhesive or TEFLON (trade name
DuPont) bonded KAPTON (trade name DuPont), bond-ply laminates,
PYRALUX (trade name DuPont)thermoplastic laminates, and related

materials.
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47. The nethod of claim44 wherein the netal conductor int V| of
each of the green sheets conprises solid netallic el ements. hﬁg W?&EOZ@%

of claim 44 wherein the nmetal conductor on the surface of each of the green
sheets conprises a netal decal. 49. The nethod of claim44 wherein the

di spersion conprises 30 to 70 weight polyneric material and 30 to 70 wei ght
% ceramc material. 50. The nethod of claim44 wherein the ceramc is
selected fromt heTQteoﬁp‘lmwﬁsll stmprpidke substomtef afeils Sillluetra Q@ riiZ Fl {lyén na
silicates, negn [ r id- xture thee

The met hod of clemuau?lle Clg%g?sﬁ ?ﬁeb@r# r(rge??%f%%t &ﬂ'ﬂfgrggrn\a iz are

di spersi on of® fefpd éﬂﬂllr{?éteérrﬁe ﬁh@'er"rmes dre sdiecent o o:met la@oghetp

consi sting ofAlI%iWAghpﬁityéH&bﬁmh FRgiRCt Y |t Eélﬂlere!:'d\f'%at‘?@ﬁ:}élno é(ﬂal a

met hacryl at e oggnxrqerﬁsdg ‘Xé ? ty. thac(ri%l ate) PaI\/S [po menﬂy’f

styrene)], polyvin VB PEFS b]ﬁ VFENEC gXicyasie Jsvgr-to- 1aYer bonding .

[ pol y(i sobut yllfene%;}assand m-dahBrbhemerlal&rM&RdZBQ ch%zeﬁzso Hecpegdiod

of claim44 vhey I r partially filling

the ri'gid skel et glagc%ﬁrﬁq%fégﬁfﬂg%ﬁ%le t?’tee%r?pe lfaﬁ ? ﬁJlf'éﬁEF’%’t‘i ng

of polyi mi de€orprLanki riat ethpavali stabilityoweerD pod ynentdiensed padoye( 86y | e

ether), SI LKcorpbyf ey ChibdkkSine PabifllRgocyEb bkl ri%%ﬁy%@ageraeb;yef
ures

resins, cynat ester/ EX P bl ends,. bis-mal_ei m de ( resins-an

t her eof . e Het Efa}r‘lmaﬁlg Y”cr‘F’c‘WeIhESFrprq SI ng the step of forming
a surface Iayer sui tabl e for use as an optical wavegui de and, after t he
step of at |east t il i facelae

conposi te subst, ra"?lgé dcmpw tféé r?lllal%a gra%qgllgcgﬂm %dxe/\he()rref’ﬁmf%él 5c‘ge‘f1ﬁ?er
conpri ses 10655 Bﬂ/ng\e?%tlnﬁﬁ?%ﬁc&lﬁﬁt‘e? i@aPCB55 Sepigondudiont ofj odhimgncah
wherei n the pskynemventabesl abrés sekegt théf@éﬁﬁé&lgﬁguﬂlﬁﬁn%étwl:ﬂﬁao%f

fluorinated S Ly o] mers rketo pal yesters, and
ur et hane- acr&l?llh%kg}) gmar?i‘l g%_?ﬁ J:JY o'(f)h g ik Er@‘iaﬁeor]i’é( disipge

plurality of SGREERtiRsdt §Wr§a§ﬂ|¥l‘a‘bﬂﬂe tffmhnology such as ball grid arrays
(BGA), 1land grid arrays (LGA) or pluggable interconnections.

Benefits of the disclosed structure and process include low cost;
dimensional control; low dielectric constant; low impedance;
uniformity of feature size for high frequency, thinner dielectric
layers; ability to process small feature sizes; and ability to
tailor product attributes such as CTE, dielectric constant,
toughness, thermal and thermooxidative stability, and desirable

electrlcal and mechanical properties.

IT. Polymer~-filled Ceramic Substrate

A second embodiment according to this invention comprises
metal conductors and a partially densified ceramic matrix which has
been surface sealed or bulk filled with an organic or an

organometallic polymer insulator having low dielectric constant,
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supporting at |east one optical waveguide and further conprising, after the

step of at least partially filling, bonding a surface |aye ll.to
the one of the plurality of green sheets conprising 100% b;l/ %Méh%eﬁg

polymeric material. 3 57. The nethod of claim56 wherein at | east one
optical waveguide is a channel, the channel further conprising a |iner of
| 00% by wei ght polyneric material. 58. The met hod of claim57 wherein the
pol ymeric materla.{',),F or the Ilner a d surface |l ayer is selected fr t he

group consi sti¥g oF=f | G8F T AEOTREAOT ¢ pBRyAEion of ' this
pol yet her ket csrte‘ucpoi:yestnebs olaminadebmaxseneca yhultipayenrererani. (Mg egbpdod

of claim 44 FH%%Q@Q 989$i&fﬂgn eﬁ&%é@ﬂgﬁ @E Leéféeﬁ”gieégdhih{%g“céﬁ§¥§élﬁ?'Ch

is suitable support| FEast  one ptical wavegui de;
surface | ayerCeXompE| §¥5h39511@@‘% By POEYRiH bﬁBﬂ?ﬁeﬁ'ﬁ:t%tlér pabolegnt veh8cMAR

200 -38 aftersﬁelae SA8NrRf ola beBieanli Hihknt iddiatd1i PPt 8ol AGALrb&RSt
one additi onal ¥er§3nd t he aurface Ialyer to the conposite substrate 60.

The nmet hod of h(?leé't Sfherei ng ARITANHEN I CEFMNE ethE dE° 'se%{:'ch%‘?ﬁtel ,
t he channel fhishkéngcoppratsiong &hei mndnofdu}a.ﬂtowabyrsvemgéttpqmﬂeymem €or via‘®

material. 61.4.H6;meLhod, of  Lhalm L he, 9 y&%ﬂngat ttec%gntetl the

| iner and surface | ayer |s sel ecte from group consi st
fl uori nat ed rﬂﬂ‘*}llﬁ‘flaese Beay | nchISi prrer 7 ﬁBPVé@?ﬂéﬂkeﬁtt&%ngpol yabsemgentand

ur et hane- aCr)Qtﬂe@spC&ﬁM’_Bif Svia=plnching involve personalization enploying a
screen-on metal paste, drying, inspection of individual screened
sheets, stacking and aiignment, lamination, bindexr burn—off,
densification of metal and partial sintering of the ceramic by
sﬁbjecting it to an elevated temperature to produce a bisque fired
*necked” rigid skeletal network or porous ceramic body. The
structure is then treated with an organic or organometallic polymer
solution or solvent-free polymerizable reactive monomer/oligomer
composition such that it either forms a surface skin-like seal or
fills the bulk matrix porosity. Subsequent thermal treatment to
remove solvent and curing or polymerization provides a polymer
encapsulated structure. Subsequent processing involves deposition
of pad metallurgy, electrical test, semiconductor device joining,

module electrical test and PCB connections.

Proportion of the polymer filler relative to the metallized
ceramic composite body will depend on the level of porosity in
ceramic, the filling of bulk porosity or only the surface region

and encapsulation, and the density of metal pattern.

Preferred polymers for forming the green sheet slurry for the
polymer-filled ceramic structure are those which essentially

completely depolymerize to monomeric or thermally decompose to
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CAS3.AF. A A A LANL.A(C (LA ALLAALAAS5 . AAAFAAAA.A AR MAR 20084 A
. A A .AS. AU. Aa. A. AaF. A AaY. A. AL A A 32" #EF$
Y noSKR_"} xsni d_ZU] ca] ca] c(a] ca] ca] ca] ca] ca] ca] c*a] ca] cal] ca] ca] ca] c&a] ca] ca
] ca] caljc*a]c: a] c: ~a] ca] ca] ca] cTaU] cal] calU] caU ca]ca]c*al ' wd %%
%% WRQRKEE" "
(*X**+,, . /] [/////// | wmhc”Y] ca] ca] ca] ca] c(a] ca calca] ca] c*a] ca] ca] ca] ca] ca]
ca] ca] ca] c/ afREPRAF t/ TeljacHpE AT cajacdpEale gl (vallat] bide ahen! £onCOr.006000 1 N1
11p223333334414sé§e§611'18§1le¥¥ié§“bu‘fﬁh8fﬁ4I‘E@a]tfiﬁbcéir 24 & GAld ng?cgclg% f@g caj

c(aljca U c" Ul.ch U] c™a] cal ca] ca]l ca] ca] ca] ca] cal ca) ca] ca]
1989D99: po. ers  sultable " for "this ‘purpose include a poly(alkyl

L <9<>>7, oAF%ﬁ%m@MA\&SAUBUM@me| githathe] ¢9d pAletal £al redisahsakea) Fal o

?J} E?L]Cg!ﬁ]cg!ﬁ]c%% %’82\%’ Ca]’%‘i‘% (c:‘aia1 Lgﬁ%tﬁﬁ%‘aﬂ%z BEYmergphddelygt-butyl -
99j j J kkkoqqqedeenaberded)], ¢ radealipal ¢ al-srk el cad ()ql %w&ﬁ@c%gﬁfl ca]

ca] ca] ca]c(a] ca]ca]ca].ca]ca]c. a]ca]ca]cal ca]ca UWWXXXYYY
hvx| wr mhe/ Y] EPLEAPEELANS( af%ifida] Ak ab R a ea]xc(a %wtaaqlaa]et(a] EMMBAPER a] C
a] ca] ca] ca] cajleadisalutdlct* fdadi]15a865d Badeeak 68 at\ Véilfjerature less than 400°C.
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surface layers or for fllllng the porous regions in the bulk of the
substrate, the structure is treated with a solvent-less or solvent
carrying polymer or pre-polymer solution, preferably a solvent-less
reactive oligomer composition, to flow in between the pdrous region
in the ceramic network. Fcr illustrative purposes, BCB resin
solution or divinyl siloxane-bis-benzocyclobutene (DVS~BCB)
prepolymer solution (CYCLOTENE resins, Dow Chemical Co.) is
dispensed over the substrate in multiple applications, heated at
100-150 °C in-between applications to slowly remove solvent or low
molecular weight species after each application, and a final cure
to 350 °C in a programmed oven or furnace to form a thermally
stable, solvent resistant polymer matrix encapsulating the ceramic
bulk porosity. The BCB polymers are available as partially
polymerized (B-staged) resins in solvent. The cured crosslinked

polymers have several advantages, particularly, low dielectric
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constant (2.65 at 1KHz to 1MHz) and dielectric 1loss tangent

(<0.0008 at 1KHz), resistance to solvents when fully crosslinked,
and high thermal stability, and low moisture absorption. Otlher low
viscosity materials can also be used for back filling the ceramic
porosity, for example, SILK polymers, polyarylene ether,. low -
molecular weight cross 1linkable polyorganosilanes, such as
poly (methylsilsesquioxane) which can be obtained in solution with. -
high solids, can be dispensed similar to the BCB solution, and
baked to temperatures up to 400 °C to form a crosslinked insulating

matrix in ceramic skeletal network.

Examples of other thermosetting polymeric systems that can be
used for post~-sinter surface seal or bulk impregnation into the
necked-ceramic bulk include acetylene terminated polyimides such as
Thermid-Isoimide series of materials, for example, IP-610 or 615
oligomers; low CTE polyimides, e.g., BPDA-PDA, BPDA~-ODA;
bis-maleimide-triazine resins (BT-resin), cyanate ester-epoxy
blends, poly(amic ethyl ester) such as PMDA-ODA amic-ethyl ester,
BPDA-PDA amic-ethyl ester, and related materials.

The ‘necked’ ceramic structure can also be surface sealed by
application of a high viscosity polymer and curing to high
temperature. Again for illustrative purposes, the substrate is
treated with a polyimide composition such as BTDA-ODA, BPDA—ODA,'
partially fluorinated polyamic acid or poly (amic ester) such as
hexafluoro isopropylidene diphthalic anhydride (6FDA) -
oxydianiline (ODA) (6FDA-ODA) (RC2566, trade name of DuPont) as
about 20% solids _in NMP by spray, dip, or other liquid application
methods, and baked/cured using a prolgrammed oven or a furnace with
N, purge. Typical temperature profile involves: starting at about
70-80°C followed by a programmed profile using 2-4°C/min ramp rate:
ramp to 150°C, 210-240°C, 300°C, with about 20min hold at each
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temperature, and finally cured at 350-375°C for 45-60 minutes and

slow cooling to at least 70-80°C before removing parts. The

polyimide solution can also be applied in multiple applications for

increasing permeation into the bulk in addition to the surface

layers. In that instance, it is preferred that after eéch

épplication, the polymer be subjected to intermediate bake at about

150°c, and cooled to room temperature before another coating is "
applied. After the final application, it is subjected to full

curing temperature profile up to 350-3757C.

Referring now to 'Figure 2, there is disclosed a second
embodiment of the present invéntion. Composite substrate 20
includes multiple layers of ceramic 22 haviﬁg pores 28 which are
filled with a polymeric material 30. The porosity 28 is continuous
throughout the composite substrate 20 so that the polymeric
material 30 can infiltrate through all of the pores 28. The
composite substrate 20 will .preferably also comprise vias 24 and

wiring lines 26.

A variant of the second embodiment of the invention is shown
in Figure 3. There, composite substrate 20‘ has ceranic layers 22
with porosity 28. In the case of composite substrate 20‘, however,
the polymeric materlaJ. 32 seals the outside of the comp051te
substrate 20‘ and onl&r partially infiltrates into it, thereby
leaving most of porosity 28 free of polymeric material 32.
Polymeric material 32 is either removed from, or prevented from
depositing in, areas 34 so that electrical connection can be made

to a semiconductor device (not shown) or a PCB (not shown) .

Referring now to Figure 5, the method of making the second
embodiment of the invention will be discussed. Ceramic material is

mixed with a polymer binder material in a solvent carrier with
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appropriate additives such as a plasticizer, surfactant/dispersant,
antioxidant and coloring agents to form dispersion 63, also known
as a green sheet slurry. The aforementioned ingredients are mixed
in a high shear mixing process using a planetary mixer or a ball
mill or a roll mill to provide an homogeneous slurry for casting.
For filler wettability with the polymer binder system and
dispersion stability, it is geherally desirable to surface modify
the ceramic material with coupling agents such as organosilanes or
organotitanates prior to blending with the polymer. Alternatively,
a particle surface modifying agent can be mixed in with the organic
binder system and then the ceramic material is blended in to form
the composite slurry; The polymer binder is chosen so as to

depolymerize as mentioned earlier.

The composite slurry thus formed is cast into sheets (called
green sheets) on a carrier, typically PET, polyethylene or
polypropylene, using a sheet casting process (64 in Figure 5).
After a drying operation to remove solvent in the cast sheets, a
blanking operation generates the desired size individual layers of
the composite substrate and punches registration holes necessary

for alignment.

The backing sheet material is then removed and vias are formed
(66 in Figure 5) in each layer by n&chanical punching, laser
drilling, or chemically etching, then filled with an electrically
conductive metal (68 in Figure 5). The vias can be filled with a
metallic paste as is conventional. Alternatively, the via
metallurgy can be formed by filling with solid metal deposited by
known ' techniques such as plating or subtractive etch, or by
mechanically positioning electrically conductive metal elements,
for example, molded or inserted by pressing in metal spheres in

position. Where the vias are filled by using an electrically
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conductive paste, the green sheets are dried to remove volatiles.
Then, the signal and wiring metallization patterns are formed on
the surface of the green sheet layer (70 in Figure 5) by screen
printing or extrusion screening a conductive paste formulated with
a metal filler using conventional multilayer ceramic fabrication
techniques. Alternatively, the signal and wiring metallization can
be formed from solid metal (such as by a decal process) and then"

transferred to the surface of the green sheet layer.

The individual layers are inspected and then the desired
number of layers are aligned and stacked (72 in Figure 4), placihg
a thin non-stick polymer sheet on the top and bottom layers of the
stack, and laminated using a hydraulic uniaxial press at 150-350 °C
and 200-2000 psi pressure to form a multilayer composite

interconnect structure.

Thereafter, the ceramic body is heated (74 in Figure 5) to a
temperature sufficient to depolymerize the polymer binder and
remove the carbonaceous residue 1in a process which .is
conventionally known and practiced as binder burnoff. The sintering
temperature is then raised to a temperature sufficient for the
ceramic to partially densify (76). Partial densification of ceramic
or ‘bisque’ firing generates a porous or skeletal ceramic body as
is well knan in the ceramic arts. After the now porous ceramic
body is cooled to room temperature and removed from the furnace,
the polymeric material noted previously is partially or fully
infiltrated (78 in Figure 5) into the porous ceramic body.
Subseqguently, the laminated structure is subjected to a plating
process for surface finishing metal deposition, typically Ni/aAu by

an electroless. process.
Prior to surface finishing, at least one surface layer can be
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Such a surface layer is shown in Figures 7 and 8 as surface layer
86 having waveguides. 88 (e.g., an optical fiber) and/or 90 (e.qg..
an open channel). Figure 7 generally corresponds to Figure 2 but
with the surface layer 86. Similarly, .Figure 8 generally
corresponds to Figure 3 but with the surface layer 86. The
composition of the surface layers is 30 to 100% by weight polymeric
material and 70 to 0% by weight ceramic.

Alternatively, ceramic-filled polymeric layer 98 can be formed
to support waveguide 88 and/or channel 90 as shown in Figures 10
and 11. In this embodiment, channel 90 should be lined with a layer
100 of polymeric material. Note that channel 90 is left unfilled.

Lastly, polymeric surface layer 102 is formed.

As yet another embodiment as illustrated in Figure 12, sealing
layer 32 shown in Figure 11 can be dispensed with. Then layer 104
can be a ceramic-filled polymeric material or an unfilled ceramic
material, similar to the rest of the substrate. Sealing for the

substrate would be provided by polymeric surface layer 102.

Where the surface layers 86,, 102 and liner 100 are to be used
for high density optical waveguides, there should be no ceramic
filler in the surface layer. The polymeric material should be an
optically transparent, low (optical) loss material. Some exemplary
materials for the surface layer are fluorinated polymers such as
fluorinated and perfluorinated polyimides; acrylic polymers such as
fluoroalkyl - (methacrylate), perfluoro (methacrylate), and
alkylmethacrylate homopolymers/copolymers such as PMMA and
PMMA/polystyrene copolymers; polyetherketone; polyesters; and
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open channels for optical transmission or opotical waveguides. The
dielectric material should preferably have a different index of
refraction so as to refract the light and keep it within the

waveguide.

It will be apparent to those skilled in the art having regard-"
to this disclosure that other modifications of this invention
beyond those embodiments specifically described here may be made
without departing from the spirit of the invention. Accordingly,
such modifications aré considered within the scope of the invention

as limited solely by the appended 'claims.
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CLAIMS:

1. A composite substrate comprising a plurality of adjacent layers, each of the
adjacent layers comprising a mixture of a polymeric and a ceramic material, wherein the
substrate has a coefficient of thermal expansion of 8 to 14 ppm/°C at 100° C and a
dielectric constant less than 4, said composite substrate being adapted for use as an optical
and/or electronic substrate and further comprising a surface layer comprising 100% by

weight polymeric material and suitable for supporting at least one optical waveguide.

2. The composite substrate of claim 1 wherein each of the layers comprises 30 to 90
pa weight % polymeric material and 10 to 70 weight % ceramic material.
3. The composite substrate of claim 1 wherein each of the layers comprises 40 to 60

weight % polymeric material and 40 to 60 weight % ceramic material.

4, The composite substrate of claim 1 wherein the polymeric material is selected
from the group consisting of fluorinated polyimides, acrylic polymers, polyetherketone,

polyesters, and urethane-acrylic polymers.

5. A composite substrate comprising a plurality of adjacent layers, each of the
adjacent layers comprising a mixture of a polymeric and a ceramic material, wherein the

substrate has a coefficient of thermal expansion of 8 to 14 ppm/°C at 100°C and a

puothe

dielectric constant less than 4, said composite substrate being adapted for use as an optical
and/or electronic substrate, wherein one of the plurality of adjacent layers supports at least
one optical waveguide and further comprising a surface layer adjacent to the one of the

plurality of layers comprising 100% by weight polymeric material.

6. The composite substrate of claim 5 wherein at least one optical waveguide is a

channel, the channel further comprising a liner of 100% by weight polymeric material.

7. The composite substrate of claim 6 wherein the polymeric material for the liner
and surface layer is selected from the group consisting of fluorinated polyimides, acrylic

polymers, polyetherketone, polyesters, and urethane-acrylic polymers.
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8. The composite substrate of claim 1 wherein the ceramic is selected from the group

consisting of silica, fused silica, quartz, alumina silicates, magnesia silicates, boria

silicates, and mixtures thereof.

9. The composite substrate of claim 1 wherein the polymeric material is selected

from the group consisting of thermoplastic polyesters, LC polyesters, LCP-thermoplastic

polymer blends, flexible-planar chain polyimides, siloxane polyimides, fluorinated

polyimides, low thermal expansion polyimides of rod-like structure, thermoplastic

polymers, poly(cyclo-olefins), poly(benzocyclobutenes), cyanate ester resins, cynate

ester/epoxy blends, bis-maleimide resins, polyvinyl butyral, poly(alkylmethacrylates),

g poly(alphmethylstyrene) and mixtures thereof.

10. The composite substrate of claim 1 wherein each of the plurality of layers has at

least one via.

11, The composite substrate of claim 1 further comprising conductive lines between

each pair of layers.

12. A composite substrate comprising a plurality of layers, each of the layers

comprising a polymer-filled ceramic material wherein the substrate has a coefficient of

thermal expansion of 8 to 14 ppm/°C at 100°C and a dielectric constant less than 4, said

composite substrate being adapted for use as an optical and/or electronic substrate wherein

the polymeric material filling the ceramic material is selected from the group consisting of

flexible-planar chain polyimides, siloxane polyimides, low CTE polyimides, fluorinated

polyimides, poly(arylene ether), poly(cyclo-olefins), poly(benzocyclobutenes), cyanate

ester resins, cynate ester/epoxy blends, bis-maleimide (BMI) resins and mixtures thereof,

13. The composite substrate of claim 12 further comprising a surface layer

comprising 100% by weight polymeric material and suitable for supporting at least one

optical waveguide.

14. The composite substrate of claim 13 wherein the polymeric material is selected

from the group consisting of fluorinated polyimides, acrylic polymers, polyetherketone,

polyesters, and urethane-acrylic polymers.
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15. The composite substrate of claim 12 wherein one of the plurality of layers
supports at least one optical waveguide and further comprising a surface layer adjacent to

the one of the plurality of layers comprising 100% by weight polymeric material.

16. The composite substrate of claim 15 wherein at least one optical waveguide is a

channel, the channel further comprising a liner of 100% by weight polymeric material.

17. The composite substrate of claim 16 wherein the polymeric material for the liner
and surface layer is selected from the group consisting of fluorinated polyimides, acrylic

F— polymers, polyetherketone, polyesters, and urethane-acrylic polymers.

18. The composite substrate of claim 12 wherein the ceramic is selected from the
group consisting of silica, fused silica, quartz, alumina silicates, magnesia silicates, boria

silicates, and mixtures thereof.

19. The composite substrate of claim 12 wherein each of the plurality of layers has at

least one via.

20. The composite substrate of claim 12 further comprising conductive lines between

each pair of layers.

21. A composite substrate comprising a plurality of adjacent layers, each of the
adjacent layers comprising a filler consisting of ceramic material dispersed in a polymeric
matrix and having 30 to 90 weight % polymeric material and 10 to 70 weight % ceramic
material, wherein the substrate has a coefficient of thermal expansion of 8 to 14 ppm/°C at
100°C and a dielectric constant less than 4, said composite substrate being adapted for use
as an optical and/or electronic substrate, wherein the polymeric matrix is selected from the
group consisting of LC polyesters, flexible-planar chair polyimides, siloxane polyimides,
fluorinated polyimides, low thermal expansion polyimides, poly(benzocyclobutenes),
poly(arylene ether), cyanate ester resins, cynate ester/epoxy blends, bis-maleimide resins

and mixtures thereof,

22. The composite substrate of claim 21 further comprising a surface layer
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polyesters, and urethane-acrylic polymers.

24. The composite substrate of claim 21 wherein one of the plurality of adjacent

layers supports at least one optical waveguide and further comprising a surface layer

adjacent to the one of the plurality of adjacent layers comprising 100% by weight
— polymeric material.

25. The composite substrate of claim 24 wherein at least one optical waveguide is a

channel, the channel further comprising a liner of 100% by weight polymeric material.

26. The composite substrate of claim 25 wherein the polymeric material for the liner
and surface layer is selected from the group consisting of fluorinated polyimides, acrylic

polymers, polyetherletone, polyesters, and urethane-acrylic polymers.

27. The composite substrate of claim 21 wherein the ceramic is selected from the
group consisting of silica, fused silica, quartz, alumina silicates, magnesia silicates, boria

silicates, and mixtures thereof.

28, The composite substrate of claim 21 wherein each of the plurality of layers has at

least one via.

29. The composite substrate of claim 21 further comprising conductive lines between
each pair of layers.
30. The composite substrate of claim 12 wherein the polymeric material is selected

from the group consisting of fluorinated polyimides and low CTE polyimides.

31. A method of making a composite substrate, the method comprising the steps of:

forming a dispersion of polymeric and ceramic materials;
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filling a metal conductor in the via holes of each of the green sheets;

forming a metal conductor on a surface of each of the composite green sheets;

stacking and laminating the plurality of green sheets to form a composite substrate
of adjacent composite layers that has a coefficient of thermal expansion of 8 to 14 ppm/°C
at 100°C and a dielectric constant less than 4, the composite substrate being adapted for
use as an optical and/or electronic substrate, and forming a surface layer suitable for use as
an optical waveguide and, after the step of stacking and laminating, bonding the surface
layer to the composite substrate, wherein the surface layer comprises 100% by weight

polymeric material.

32. The method of claim 31 further comprising the step of densifying the metal

conductor in the via holes of each of the green sheets.

33. The method of claim 31 further comprising the step of densifying the metal

conductor on the surface of each of the green sheets.

34, The method of claim 31 wherein the metal conductor in the via holes of each of

the green sheets comprises solid metallic elements.

35. The method of claim 31 wherein the metal conductor on the surface of each of the

green sheets comprises a metal decal.

36. The method of claim 31 wherein the dispersion comprises 30 to 90 weight %

polymeric material and 10 to 70 weight % ceramic material.

37. The method of claim 31 wherein the ceramic is selected from the group consisting
of silica, fused silica, quartz, alumina silicates, magnesia silicates, boria silicates, and

mixtures thereof.

38. The method of claim 31 wherein the polymeric material is selected from the group
consisting of thermoplastic polyesters, LC polyesters, flexible-planar chain polyimides,

siloxane polyimides, fluorinated polyimides, low thermal expansion polyimides, poly
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39. The method of claim 31 further comprising the step, prior to the step of stacking

and laminating, of forming at least two of the green sheets into a subunit.

40. The method of claim 31 wherein the polymeric material is selected from the group
consisting of fluorinated polyimides, acrylic polymers, polyetherketone, polyesters, and

urethane-acrylic polymers.

41. The method of claim 31 wherein one of the plurality of green sheets is suitable for
supporting at least one optical waveguide and further comprising, after the step of stacking
and laminating, bonding a surface layer adjacent to the one of the plurality of green sheets

comprising 100% by weight polymeric material.

42. The method of claim 41 wherein at least one optical waveguide is a channel, the

channel further comprising a liner of 100% by weight polymeric material.

43. The method of claim 42 wherein the polymeric material for the liner and surface
layer is selected from the group consisting of fluorinated polyimides, acrylic polymers,

polyetherketone, polyesters, and urethane-acrylic polymers.

44, A method of making a composite electronic substrate, the method comprising the
steps of:

forming a dispersion of polymeric and ceramic materials;

forming a plurality of green sheets with the dispersion;

forming via holes in each of the green sheets;

filling a metal conductor in the via holes of each of the green sheets;

forming a metal conductor on a surface of each of the green sheets;

stacking and laminating the plurality of green sheets to form a composite substrate
laminate;

heating the composite substrate to thermally remove the polymeric material and

any carbonaceous residue;
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ppm/°C and a dielectric constant less than 4, the composite substrate being adapted for use

as an optical and/or electronic substrate.

45. The method of claim 44, wherein in the step of partially densifying the ceramic
material, further comprising densifying the metal conductor in the via holes of each of the

green sheets,

— 46. The method of claim 44 wherein in the step of partially densifying the ceramic
’ material, further comprising densifying the metal conductor on the surface of each of the

green sheets.

47. The method of claim 44 wherein the metal conductor in the via holes of each of

the green sheets comprises solid metallic elements.

48, The method of claim 44 wherein the metal conductor on the surface of each of the

green sheets comprises a metal decal.

49. The method of claim 44 wherein the dispersion comprises 30 to 70 weight %

polymeric material and 30 to 70 weight % ceramic material.

50. The method of claim 44 wherein the ceramic is selected from the group consisting
of silica, fused silica, quartz, alumina silicates, magnesia silicates, boria silicates, and

mixtures thereof,

51. The method of claim 44 wherein the polymeric material for forming a dispersion
of polymeric and ceramic materials is selected from the group consisting of PMMA
[poly(methyl methacrylate)], PMMA-poly-n-butyl methacrylate copolymers, poly(t-butyl
methacrylate), PaMS [poly(a-methyl styrene)], polyvinyl butyral, poly(propylene oxide),
PIB [poly(isobutylene)], and PMMA-PIB blends.
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filling the rigid skeletal ceramic structure is selected from the group consisting of
polyimides, fluorinated polyimides, low CTE polyimides, poly (arylene ether), SILK,
poly(cyclo-olefins), poly(benzocyclobutenes), cyanate ester resins, cynate ester/expoxy

blends, bis-maleimide (BMI) resins and mixtures thereof.

53. The method of claim 44 further comprising the step of forming a surface layer
suitable for use as an optical waveguide and, after the step of at least partially filling,

bonding the surface layer to the composite substrate.

4\— 54, The method of claim 53 wherein the surface layer comprises 100% by weight

polymeric material.

55. The method of claim 54 wherein the polymeric material is selected from the group
consisting of fluorinated polyimides, acrylic polymers, polyetherketone, polyesters, and

urethane-acrylic polymers.

56. The method of claim 44 wherein one of the plurality of green sheets is suitable for
supporting at least one optical waveguide and further comprising, after the step of at least
partially filling, bonding a surface layer adjacent to the one of the plurality of green sheets
comprising 100% by weight polymeric material.

57. The method of claim 56 wherein at least one optical waveguide is a channel, the

channel further comprising a liner of 100% by weight polymeric material.

58. The method of claim 57 wherein the polymeric material for the liner and surface
layer is selected from the group consisting of fluorinated polyimides, acrylic polymers,

polyetherketone, polyesters, and urethane-acrylic polymers.

59. The method of claim 44 further comprising:
forming at least one additional layer which is suitable for supporting at least one
optical waveguide;

forming a surface layer comprising 100% by weight polymeric material; and
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after the step of at least partially filling, bonding the at least one additional layer

and the surface layer to the composite substrate.

60. The method of claim 59 wherein at least one optical waveguide is a channel, the

channel further comprising a liner of 100% by weight polymeric material.

61. The method of claim 60 wherein the polymeric material for the liner and surface
layer is selected from the group consisting of fluorinated polyimides, acrylic polymers,

polyetherketone, polyesters, and urethane-acrylic polymers.



