WD 2005/ 001932 PCT/ US2004/ 013158 DI ALECTRI C COMPCSI TE MATERI AL COVPRI SI NG
BENZOCYCLOBUTENE WHI CH CONTAINS A FILLER I N ORDER TO DECREASE THE

COEFFI Cl ENVoQbushlisBMAL EXPANSI ON 5 FIELD The present i nyeniknubaiates to
dielectric conposite materials suitable for use in electronic packages and
el ectroni c packages made with such dielectric materials. BACKGROUND 10 Only
a fewdielectric materials are useful for high performance el ectronic
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like. Also, the materials nust be processabl e using typical manufacturing
techni gées, such as spin-on coating, diddbating, cheni cal nechani cal
polishing, dry etc O her
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cyclic stress. Advanced high density, nmultilayer electronic packages require
advanced dielectric materials, esprRGROUNDthe high frequency (GHz)
applications. One of the key properties Tfor such advanced dielectrics is
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materi al fr egasing lgscnsdetionohotisplgmress, stju Ry dpgigble wajesial properticsindudeHy )

low moisture absorption, outstanding chemical resistance, good thenmal properties,

predictable dimension movement, controllable melt flow viscosity, and fracture resistance
20 to cyclic stress.

Advanced high density, multilayer electronic packages require advanced dielectric
materials, especially in the high frequency (GHz) applications. One of the key properties
for such advanced dielectrics 1s the [ow dielectric loss in the GHz frequency range, where

i associated signal loss becomes a key performance roadblock. To have low dielectric loss,

25 the dielectric materials must have low polarity as well as low dipole moment. Another
key requirement 1s that the glass transition temperature (T,) of the dielectric materials
must be sufficiently high, e.g., higher than 200 °C, to survive increasing high temperature
manufacturing processes, such as lead-free solder reflow. Other requirements include
excellent gap-fill properties, toughness (good elongation), low coefficient of thermal

30 expansion (CTE), e.g., a CTE close to that of copper, (CTE of 17 parts per million
(ppm)/°C}, and good adhesion to different bonding treatments applied to other layers.



applications is one of a variety of conposites based on a fl uoropol yner
material sold wunder the trade nane TEFLON, such as TEFLON ceram c,
TEFLON f zleesogi/@56;2 etc. However, TEFLON materials req'ﬁbﬁ“ﬁ.]S?OObjﬂgﬁsé am nati on
tenperature, i.e., over 350 C. 5 Also, due to the non-crosslinked nature
(thernopl astic) of TEFLON materials, dinensional stability issues arise
when an outside layer is lamnated to previous |layers. Polyimdes, and sone
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benzocycl obut ene filmserves_as an insul ator between redistribution wring

and an al phgthgagiste uptake flopriihgr high &1 Ep rsptaihadfdiray fe esnseialy Bt%ed circuit
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di scl oses a nul ti. ¢hi . package i-n nzocycl obut ene pol yner
as a lamnate a hseg)fﬁ\? tﬁ%gﬁg’gg%@s%&ﬁ%%e%%ﬂegﬁagﬂc ans?arcﬁlg%rge. 25 The BCB
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nane KAPT i yer, thickness from5 mto 15 m  and then baked and
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substrate on a printed wiring board (PWB) or nulti-layer ceramc (MC) base,

in 30 whi Ozfilposygngicdanaskl m or benzocycl obutene film or a thernoplastic
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device in which a benzocyclobutene film serves as an insulator between redistribution

wiring and an alpha particles blocking layer between sensitive integrated circuit devices,

20 such as a memory cell, and an alpha particle source such as a solder ball. The BCB
coating, having a thickness range from 10 pm to 100 pm, 1s spin-coated onto the desired
surface.

U.S. Patent No. 6,294,741 B1 discloses a multi chip module (MCM) package using
benzocyclobutene polymer as a laminate adhesive in the construction of such structure.

25 The BCB polymer 1s first spin-coated onto frame polyimide film sold under the trade
name KAPTON E in a layer thickness from 5 um to 15 pm, and then baked and laminated
for making multi-layer interconnect structure.

U.S. Patent No. 6,262,376 discloses a process for building vp high frequency chip
carrier substrate on a printed wiring board (PWB) or multi-layer ceramic (MLC) base, in

30 which a polyimide film, or benzocyclobutene film, or a thermoplastic film, with dielectric

constant less than 3.0, serves as an insulator on the upper conductor layer(s). The process



deposits the dielectric filmusing either spin-on coating, or chem cal vapor
deposition (CvD). U. S. Patent No. 6,420,093 discloses a process for

bui | di ng upvtoofdEes2w ri ng boards on thick printed ci rcy 1%93([4@
cores using netal foil coated with toughened 5 benzocycl obu ene- ased

dielectric polyners. The process |amnates a sheet with a netal foil and a
BCB-contai ning dielectric material. The BCB pol yners di scl osed conpri se
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SUMMARY

It has now been discovered that a toughened BCB resin may be formed into a
20 highly filled composite material with excellent dielectrical, thermal, and mechanical
properties. Such a composite BCB material may be coated directly onto copper or other
substrates for use in electronic packages. It has also been discovered that a compatiblized

{ highly filled BCB resin will retain excellent dielectric properties and will also adhere
strongly to low profile copper surfaces and other surfaces of interest.

25 Omne aspect of the present invention 1s a dielectric composite material useful in
electronic packages having a dielectric constant less than about 3.5, and a dielectric loss of
less than about 0.004, the composite material including a toughened benzocyclobutene
resin, and from about 50% to about 75% by weight of at least one particulate inorganic
filler; the resin and the filler being compatiblized by means of a compatibilizing agent.

30 The dielectric composite material may have a CTE of less than about 50 ppm/°C and/or

tensile elongation of about 2%. A coating of the dielectric composite material may have a



t hi ckness of from about 0.5 mto about 100m preferably about 0.5 pmto
about 50 pm and a peel strength to | ow profile copper of at |east about 2
| bs/in (O¥@Z30dd/opwsy. Another aspect of the invention ispapu8lBsbizpai C
package having at |east one conductive |ayer, and at |east one ]I ayer of
dielectric conposite material |am nated thereto, 5 wherein the dielectric
conposite material has a dielectric constant |ess than about 3.5, and a

di el ectri c thivksesoéf fraasabouth@f pabio uboud 1004y, prdferidy abduh €.5dire kedbbni 3 pmanposi t e

material ingludes a toughened benzocycl.obutene, 1esin, d from about 50%to
about 75% b"if% ARET ﬁﬁ?ngi)}fmg?w Pré’géetcogﬁeéo ﬁt&?adg gt %)%P/fsrf @Lﬁsif%mf)i |ler; the resin
and the filler bgiothgr aspapithé bivempel iDh diRA0AIC PhclagsShdvaipant Gastpne Ng agent. I n
one enbodi ment of the electronic 10 package, the.inorganjc partjculate
filler conpirPS¥dveiyircapdghicet epeleyerghdekeric sapaetic griarblamippdihso s a
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inorganic particulate filler having a dielectric constant of |ess than or
equal to 4.Ddielagide lwsafdese than peout 984, ofhetedsibe diglostrs compositg medt¢rishe coupl i ng
agent; an - ; not har, t Y, i on provides
a substrat g“@?&ggtuﬁl%ié%g%ﬁrz%@mn% ut;ege @8@6%@&0\%%%%5&% f:oo%t% lé%ﬁv(ﬁ'e %5{1 at | east
one | ayer ofeightel &dtasi anedonpoii gaeionatecilien| thtravinngd the fillieebedagd ri ¢ const ant

| ess than about .3.5,. a dielectric |oss of ss_than about .0. 004, wherein
he di of ect PR PER Al S leaf coine et 5 pat GREHER e EFLiaLs ene
resin,joand gacRive, tBbRbigaii0 fartionlabuitr conaibey sited gliticled. at | east one inorganic
particulate filler; the resin_and 20 the filler being conpatiblized by neans
of a silane couptioRg atget Pl hagvaation ihedisrersionfommreghieighenedi os and amount s
are by wei %&Ez&g‘]:l@lﬁﬁengtr&ﬁ{ W SRt %Igﬁgtg;&ﬁ@&mﬁﬁt@ blf?éiil_hﬁlﬁfdlgh Ricld:Bf cBﬁHéAn@deg'
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conpat i bl e ofilesh thener amaltth 0, amis ditlediiglost dfdess §an §f00kn aldus edupheg aganfent |
which is co atnimtgl ela%"éo{lv@n ach of the otherwise inconpatible materials. 2.
The term™ A IPEPErS™ 0 t he coefficient of thermal expansion of a material .

The tasm "| ow CBzbtherapsct bfthe itgedivnips®tides pischsEIiE stoficthbre ssmplime 210 ppn C up to
a tenperature of about 200C. 30 3. The term"l.ow profile" .nmeans having a
surface roucéﬁ‘}ﬁ'&‘g? ﬁwrtcﬂatﬁffwgkfﬁfﬁﬁ one g et ﬁﬁﬁ%quéc RosHq IBﬁte’(j%?‘)m%al ess than
about 10. 2 gpit@ROstnstd@0esitiah @bk DS dicKotric loss of less than about 0.004, wherein

the dielectric composite material mcludes a toughened benzocyclobutene resin, and from

about 50% to about 75% by weight of at least one inorganic particulate filler; the resin and
20 the filler being compatiblized by means of a silane coupling agent.
As used herein, all weights, ratios and amounts are by weight unless otherwise
specified.
As used herein, the following terms have these meanings:
1. The term “compatibilized” means rendered compatible with one another
25 through the use of an additional agent, which is compatible with each of the otherwise
incompatible materials.
2. The term “CTE” refers to the coefficient of thenmal expansion of a material.
The term “low CTE” means having an isotropic CTE of less than 40 ppm/°C up to a
temperature of about 200°C.
30 3. The term “low profile” means having a surface roughness, with a maximum

foil profile variation (R;) of less than about 10.2 pm (about 200 microinches).



WO 200/ 001932 PCT/ US2004/ 013158 4. The term "B-stage" neans a partially

pol yneri zed material, which nust undergo further curing to reach the final
desired stahesesBarodnNe term“dielectric conposite materigcrnehidziq a
material that includes both a toughened benzocycl obutene resin and an
additional inorganic filler. The BCB resin 5 includes tougheners prior to
formng the conposite material. 6. The term "toughened BCB" refers to BCB
mat eri al cont ai nidnde terbtBstagiasand Nparidlly pobineriedd witsgdl oh Echpaniti cl es
enbedded in the BCB nmateri al trix. . 7. . The term"highly filled" refers to

| oadi ng of t'HEED ’Qﬁcé’ﬂm%@eg%ttﬁ? E"%df’%’egﬁmei norganic filler at levels
greater than or equpe téré: ‘@adetiriEdmpbsiteXhatdih] Sefeld 18 aln@fidh] aPmtiumg bognd

"l ayer" are used interchangeably herein. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIG 1 is a alenghgpad hengasyel eFoandsn agdifenad jopEgpaie fillae efhediAdEFnsubst r at e.
FIG2 is a ¢ = I s V] Ik Lnterconnect substrate with
a6 35 arp s bRl by e e O T kD DRSGR! P71 ON OF
THE | NVENTI ON Thé. diheteemt taughanedBOS refenvtt BCB aatayial ¢duénignges sbberiphesenti on i s

a highly fille ughened. benzocycl ohut resin. BCB resins are
comer ci al | f{l%g)gﬁo;gﬁsgeﬁ@Pgﬁﬁcgﬁﬁmg%%e@ %Qﬁ “I(.'f?e% MEHE- trade name CYCLOTENE.
BCE pol yners have. axe edah&highldi fleetiefdretopsRApgrdfiteoudheidd Rit®ehagiiith sonst ant
and loss, well intg_the quer f%ﬁquency range _(1- 40GHz), even in high

humi dity opdPEiHyiEgRbieYToEsateichian gttt Wt e fornmula  descri bed
hereinigses a pr@polyBidsZ8shting! anda5t2IE A seMinvrdhgtabiQeRE i s-

benzocycl obut ene, which is comrercially avail able from Dow Chem cal Conpany.
25 To provide advanced dielectrics for nultilayer electronic packagi ng
application and to neet ﬁ%ﬁ%égﬂt@ﬂgﬂbﬁ{@% *\W&ésf or advanced
dielectric materials, hi conposite materials
are formed basedFlh livughengt hpazotict dbrutdiikyer(BEBynramickubsiategani ¢ fill er

particles. Tough . BCB mat erial s exhibit nuch inpraov chanj.cal
properties, wt hﬁgﬁgﬁ&ﬁqsﬁ'ﬁecﬁﬁn‘f}&e&%ﬁtﬂg@% W“{%WB%G%&?ES@%S’B i’ca ‘b?ﬁase 30
separ atipon. HacgheRed:nBeBonaSittis xhdebi t excel l ent diel ectric properties,
having a dielectric loss of less than 0.0025 and a |ow dielectric constant

of about 2.6. The resins also have excellent flowfill properties. The Tg
i's high, above 300C. HyyeY&fL.EBPESCRIPTION OF THE INVENTION

The diclectric composite material of the present invention is a highly filled,

toughened benzocyclobutene (BCB) resin. BCB resins are commerctally available from
20 Dow Chemical under the trade name CYCLOTENE. BCB polymers have excellent

dielectric properties, both dielectric constant and loss, well into the upper frequency range

(1- 40GHz), even in high humidity operating conditions. One embodiment of the formula

( described herein uses a prepolymerized, or “b-staged” divinylsiloxane bis-
benzocyclobutene, which 1s commercially available from Dow Chemical Company.

25 To provide advanced dielectrics for multilayer electronic packaging application
and to meet all the requirements desirable for advanced dielectric materials, highly filled
dielectric polymer composite materials are formed based on toughened benzocyclobutene
(BCB) and inorganic filler particles. Toughened BCB materials exhibit much improved
mechanical properties, with elongation up to about 35% without macroscopic phase

30 separation. Tonghened BCB resins exhibit excellent dielectric properties, having a
dielectric loss of less than 0.0025 and a low dielectric constant of about 2.6. The resins

also have excellent flow-fill properties. The Ty is high, above 300°C. However, BCB



WO 2005/ 001932 PCT/ US2004/ 013158 resins, especially the toughened BCB
resins, have a CTE in excess of 85 ppmlC. This high CTE |limts their

usef ul nesgo bgdsfh @y densi ty semi conduct or packages. The ﬁ%ﬁﬁg oS
dependent on Ehe anount of toughening agent used in the for &3@‘53?% reduce

the CTE of the toughened resin and still maintain its excellent electrical-
5 nmechani cal perfornmance and chem cal resistance, inorganic fillers are
added to f qésinsqespeldigllyetié toughe8QNPOB irdsghsMailve b ICAIE in kxcegest@sphnyaseafid fillers
for conposit erial, . conpositiaqns of the invention include ingrganic
fillers ha\}?‘%{fgﬁé BPdE thor SEYRSE hipgh-Bimsite & TearoEPagkgcti VIS tY I H oss (in

Gz range) iOfepkfdnt &:RP a0 8f tolrSRRME h@dnt Msed dhe B@EulaCUl ate filler with
t hese properties is usefu long as it is |ess_ than about 2 mcrons

|, as
aver age size 10 18redispte CHEAL dhedorghansd sesin @rdsyillnainsia itk sxcolient @leriRsalt at i ve
propergies ’mcﬁﬁgﬂi@dﬁ F&ﬁﬁﬁaﬁl:'e%h@% idal relsBR&] %nbfggnitc Hershatd ddabg RIGeL @bl y has an

average particle size of |less than or equa en percent of the |ayer

t hi ckness liel¢chrac ainglositst materiab olmpesdraleuseid &flera forjcnmpérite mateadal pr oduct . The
filler also preferably has a dielectric.comnstant of .l ess than qf, equal to
40, “ang o aperaivriste feutyh ekt BIGL Eng it Bi e e PSS ca
(Si02). O hedn Satidtadkotrid 10Q1(@AFHLrahgd) bEless than 0.001. Utkeentiblli, apy partiailatt i M ted to,
alum na, quartz, and glass. Optionally, the injti BCB resin or the

I
di el ect ri c H5h{sHE fheee PrapeERss AT UsREN, ag lowE aF # 15 legsdbany %%Q‘E@@‘FYP&P AYHHCBIE or

r et ar qg heato; g6k 3GatloANabsohite 93t 1280 hasiddd SHLIRLHRS prERIR%, dndfoiBbddeledHE | NY
processing steps that expose the material to high tenperatures. At |east one

enbodi ment pedpetties. Ebmiles preferdilehas@n pvaragemeticicadizest lashbap peeiapktodm i nvent i on
has one or t i j - Al Fr i Qokgani c
filler, e. g".g‘f%ﬁs"?ﬁl?eé , f?%%kkﬁ%@ngf]%? gﬁﬁéﬁ% ?é%@%%’?c’ﬁ\a%nwaﬁﬁ ?%%%%Eﬁg’éaa ¢ Second,
there i s gdddr sldhpsfeobly line b deteatriclvenstano pjassi thanfdr el to Ahdind hdieBERBicpol yner .

Third, adhesion, betwe t dielectric. osite rial (.e.q., BCB-Si Q2)
and sur facaae g Pt ElT (FeeGud! B sfics SSEBR bl piertS iis: er 1 ayer
of t hes BCB-ifilk, pltady nodlimited 16, AluGin, querts, apd gugd by use of a surface 25
primng solution. In particular., good adhesion to |low profile thin copper
(having a t hi clkinEewallysthemitahBGBaesin e thy diplectye spppasitematerinlmay contae

di el ectri ¢ QRO kRS kdlrd hiat dEARBRbE oRldB5, BS &BP4r&dlor orkidPr M y thin
| ayers onto a chosen substrate to achi eve good "electrical performance.

Typi cal | y tdegngipwressing slepsibanstinse the miptesial igihighdemprtetutsy. f orm ng a di spersi on
30 conpri sing aﬂt?efd&%%@%ﬂb ZRGY ik Q@Hﬁo%ﬂgd{eﬁ%i@;na?ﬁtﬁai c?falﬁ% g/r% ¢ | nor gani ¢
particulate filler; a coupling agent;” and a non-pol ar solvent.
20 invention has one or more of the following desirable traits. First, the inorganic filler, e.g.,
silica, forms a stable dispersion with toughened BCB. Second, there is good adhesion
between the inorganic fillers and the BCB polymer. Third, adhesion between the dielectric
composite material (¢.g., BCB-510,) and surfaces of interest (e.g., copper or other metal
foils, another layer of the BCB-Si0, material, etc.) can be improved by use of a surface
25 priming solution. In particular, good adhesion to low profile thin copper (having a
thickness of up to about 5 pm) is desirable. Finally, the dielectric composite material is
capable of being coated in uniformly thin layers onto a chosen substrate to achieve good
electrical performance.
Typically the dielectric composite material is made by forming a dispersion
30 comprising a toughened benzocyclobutene resin, at least one inorganic particulate filler; a

coupling agent; and a non-polar solvent.



6 WD 2005/001932 PCT/ US200-1/013158 To nake inorganic particulate fillers,
such as silica, conpatible with a non-polar solvent such as nesityl ene,

t ol uene, QypoBhisiodias thereof, the silica surface may be peegh
functionalized. One method of functionalizi ng the surfacgét ﬁatﬁ\)‘aﬁn0 3 *Sg

rendering the fillers conpatible with BCB resins is to use sil ane coupl i ng
agents such as 5 vinyltriethoxysilane (VTS), vinyltriacetoxysilane (VTAS),

7-octenyl trimet hqwﬁakb&n@gam@mmmeqméfsswcalaeslIlAP&)m AR Wit ahamldrher eof .
When a m xture is used, it can_al so |nclu glt onal S|Ian such as

octyl t ri met FORGRGSHeS mestlens, thw@f%wst\lﬁea reo tSP‘if%FéﬂTﬁéf §‘F‘ft§

phenyl t ri metdhoxysdtioasIBed 20R: MbkbIEEEndtBRIR MY hd suHﬁ@e Sk 9 alsb SerdBling BT f ace
treated, it tends to agglomerate in the non-polar solvents. 10 G her nethods

of conpati bifiliessGegpatide WihBGEiesns i 1 we SUFE KORBE peaitsechetd/ or non- pol ar

A T e

significantly ™ decrease or manc ric film
Ot her addit |msomlddenai§é’6),land tﬂhvéurds themof r%ec@lmﬂsxetleuwmlmanalso provi ded
that they do i,nt er.f revvl ad esi 0 L s or. the dielectric
properties JFely eadﬁloﬁ%ﬁﬁ%}ﬁ fuc ?C@F et 0@@?’5? hﬁg’gﬁ’f @!%ysl 138% ude

ant i oxi dant Sentgttanithozaiisne, pheﬁﬁlmmllxdmamhs, an@ftktutel thetebk €f thehish isafoes and
el ectronic packa%es of the p ent invention i ncI ude at | east one

conduct i ve |SHYfee Teafse: I’ES?B@Sctﬁlaggjoq‘?{@F%@cﬁﬂFP‘? Bl eheBiiduct i ve |ayers with

nul tiplg interl eangchstdak 8EduipRtliBYRY fe ifdkganRafler FB BOB fligs Mlavk aet-ri c

| ayers or the core |layer 20 conprises the di el ectric conposite material of
the present HoHYEHYsinclvfeus oh disRersineagerty eF surfgignts Spvilkeot sgyifisuityabl e type

of; conducti v, ﬁcﬂ%%é%}-&rﬁﬁﬁ@&ﬁﬁe afiashukpbie gimterials included | am nated

| ow profil e copper copper, and sputtered alum num The conductive
| ayer is typical quhdr@é@,ttltfdwalmydbol@ﬁtd mﬁlegimlttcquiompps@fmaftatﬂll,wrmadfglrthatI n one

nmbod b
e 25 pr et PR Rty MRt fops Pl Bl SQMREPRRFAAE or Taces.

Due toibts n@fmppsleataterivht Usetul aBﬁBvd?.&ﬁchﬂEQﬁtl@ﬁﬂhﬁf‘sL gibiiRrs; e sdol@ahs hndt es. To
i nprove the adhesi on between copper and BCB dielectric conposite materi al,
prinmers or UpfS ng agents may be used to prine the copper surface prior to

coating of the BGBhiafkasd blb@rcaRPRASELSF MRIRELR! inveB & Ml:ludepét'l&%ir ¢hel Nl ude
vinyltriacetoxysi | ane, am nosilane, am nopropyl silane, and the Iike. 30 Wen

used, the priongictivelaysmamddypigallylingudg Tentnic somduciyspryerssuifoneiiple, which s

then baked Ahterleaved dielectric layers. At least one of the dielectric layers or the core layer
20 comprises the dielectric composite material of the present invention. The conductive layer
| may comprise any suitable type of conductive material. Examples of suitable materials
mcluded laminated low profile copper, plated copper, and sputtered aluminum. The
; conductive layer is typically less than about 40 pm thick, preferably 18 pm. Inone
embodiment the conductive layer(s) are formed from copper. Copper substrates are
25 preferably thin, typically Spm or less, with low profile surfaces. Due to its non-polar
nature, BCB has poor adhesion to copper substrates. To improve the adhesion between
copper and BCB dielectric composite material, primers or coupling agents may be used to
prime the copper surface prior to coating of the BCB dieleciric composite material. Useful
primers include vinyliriacetoxysilane, aminosilane, aminopropylsilane, and the like.
30 When used, the primer is typically placed onto the copper subsirate, which is then baked at
100 °C or more for a period of about 5 to about 10 minutes prior to coating of the

dielectric composite material.



100 C or nore for a period of about 5 to about 10 m nutes prior to coating-
of the dielectric conposite material. 7 WO 2005/001932 PCT/ US2004/ 013155
To preci sy@ReRaisi he dielectric conposite material, a gow&Bba@ERkal Ni ng
di spersion of the dielectric conmposite material is coated onto the desired
substrate and dried, preferably at elevated tenperatures in order to renove
the solvent. The dried coatings preferably have a thickness of between
about 0.5 mcr oﬂ‘etpesrmsamd:oabmmelmﬁc Eﬂmpb@mmmbﬁal a &lﬁdnt-mlmgﬂmarse@

enbodi nent Lectric. |layer.has a.thi 25 m

t hi ckness d’ff%?éh dc"&?é’ﬁ ARt FopEd B@%%ﬁlrh%f%rds Bﬁifté‘tea?ﬁgfl?eégtl ons. Curing
the di el egir¢terablg aifloGitdd@eiRirilediln @R tdRMoOETHe bleeht! ThOMEH doakighg or

| am nation. The | am nation tenperature will vary with the specific

i ngr edi ent PTEEBHY bare aifickpssy ef Brtveep bowy Péﬁ’é‘FWFFT AR alost bQS’df“é’d’n"ﬁF?E% a

rel eas¢ |i ngunSpeRrad eﬁ%dﬁﬁ@&tﬂ)ﬁé &@Ecﬁa@[a%%a@@'ﬂﬁél@ﬂ:ssad?ds Lhes 1dQ ham nated to
the thin copper substrates. Conpleted silbstrate structures may conprise a
singl e condglélmeﬁﬁeoﬂ%y@? angh avin 40 pn anae de usefuldengemsi applicesionsy iGaring 88t ed as
descri bed oy | f L tri corrp03| te

mat eri al . C%réoa Sgéetﬁ%gﬁa?ﬁ% bpegcgrsn %e%dé@gﬁ{%glog'la%m ot ﬁgyer el ectronic
package hauamganmbmpqzhmrmﬂdrmztmmm speetfis andldrﬁaﬁstd.oﬂherﬁkfhv\ﬂm thé is a
copper |ay and nulti Iedleletrlc ayer t | east one of  which
conrT see” lippBioaatiite BuRHOLT s B Gier Ao pRY Gt Rap Irauie R GHLPhn: | ess
than about |3miatedffkhé tifih &IpP6itsubdiraled SSoBplele@ Sitvstrita Binga@ey m&): Q8drisser ei n t he

dielectric conposite material includes a toughened benzocycl obutene resin
wi th about Slrgt?%w@l%%wew%Welﬁﬁvgmnlwﬂeamﬁaw|°eﬂ1a%ﬁ5éiegqnb%ar filler, the

resin and thgbik el o?é‘éﬂagcm%Qﬂﬁ&tdlélédn%@%nﬁibsﬂ@xﬁ&énﬂf a conpati bilizing
agent such as a dispersant, a surfactant or a 20 silane coupling agent.

F| gures 1 and Zwrémmféhwfmemgﬁmulweﬁ eleayenic packazggdkepes t hat can
made wi r e ntion
that are usrghﬁ‘?}p? 1%5%%%@61%%]&&? t§°?a {Egﬂsca{éo%her%y&ﬁggd ﬁ%&[p?&]?lg‘%@el ectric
| ayer d5can lipers mﬂ%dorfercm‘mlmdhe:oﬁiﬁ&es 3draftnamctcemdnsaﬂeemmnabhamtgardmbcthS Fi gure

Subst rate CHEMTEIG Bba-p SouRaa tERCiRs caicer Bt e hEMPERRGR Tho-cur  ent

i nvention. dlé'féc@hH@nﬂpo&beiﬂ&eﬁhi mauabsdtaygafenécmeam@aaméne&bﬂ@ﬁwmmuﬂ00 made by
| am nating an alternating .series of conductijve (typicall %nrret al) layers

112, 114, 8% tgspouidase bygredght 3§%parq_ciliate sikep filler, the resm and the tiller being

compatiblized by means of a compatibilizing agent such as a dispersant, a surfactant or a

20 silane coupling agent.

Figures 1 and 2 are exemplary embodiments of multilayer 1C packages that can be
made with the composite dielectric material of the current invention that are useful for
packaging integrated circuit dies. Multiple dielectric layers can be formed from the BCB
composite dielectric material.

25 Figure 1 is a schematic representation of one possible multilayer interconnect
substrate that could be produced with the dielectric material of the current mvention.
Figure 1 shows 4-metal layer interconnect substrate 100 made by laminating an alternating
series of conductive (typically metal) layers 112, 114, 132 and 134; core layer 111; and
dielectric layers 122 and 124, The conductive and dielectric layers shown in Figure 1 are

30 disposed symmetrically about core layer 111. By “disposed symmetrically”, it is meant
that each dielectric or conductive layer formed on one side of core layer 111 has a

corresponding layer of the same material formed on the opposite side of the core layer.



dielectric layers 122 and 124. The conductive and dielectric |layers shown in
Figure 1 are 30 disposed symetrically about core layer 111. By "di sposed
symmet r i caMoyops/oizs meant  that each dielectric or conggghisyfsopds€s found
on one si-de of core layer 111 has a corresponding |ayer of the sane
material fornmed on the opposite side of the core layer. 8 WO 2005/ 001932
PCT/ US2004/ 013158 As further shown in Figure 1, via 142 or 144 is used to

i nt er connect theAﬁefnﬁhﬂnshommlFigtayervim IMmliﬁéue@dfemgcomledmvaeia% of core

| ayer 1L anghleetyhSal BUE idefn .00 JR14LEOT SANAIEHINIE dapar 132 and

term nates duct | Ve ayer Vi a Sd Wi th
conductive rmfdém abmnm@namﬂyerflmlamitdﬁmﬁeﬁbaatomcmeﬂmnamem tHuab varld25 known

in the mcrolectr0|cfab| atlon . In aj ternat.i embodi nent, each
Ua haom O i SEhheR o Palref HoEr e & e b SR R R o 1 o
define 3 corldm%lnvﬂlemt;ﬂaelecm fakiidali&@chrt. anaﬂelteaﬂdtiv%ﬂnbodlﬁ;@ﬂgéucﬂ giatihat any

conbi nation of vial aﬁ(ltthUQh vias,_ blind vias .and buried vias) may be used
to provide eléammaibedilled sAvhaneleghisalycondistve Il‘iéte%ﬁ‘ﬂd‘ﬁugﬁé‘ condctivemitl- on di e

attach surfagg siiﬁﬂed%‘ﬂﬁlle lﬁﬁ%ll 9&@%&1&@11&%1‘1%%%&011 gf{ids g?:g@%:t \%1 Gﬁﬂndaﬂhésac h 10

surface 102. Sol der masks can be applied to surface 104
and BGA atta&x‘ﬂbused‘flaﬁem]{@@ uS@atQmTCS'tﬂle@bpmmi@RmrﬁmonSb@Weelx@l@be@ redg bWt act or

bond pad adj t k 162
exposes contgﬂgtgdld&aﬁgﬁfﬁ%a& %é?réd;%aﬁl m%%%ﬂ?ﬁ@i%%ﬁ)@gﬂﬁsaéﬁg contact pads
156. Sdloder shlat‘adaslo(mot shown) associated with the 15 chip can be aligned
over contact pad 52, .1 t hen heat fl to rm an

el ectrical and n%@“éﬁin&%ﬁ;ié%’r}&gt%“ ?Wpﬁ%ﬁngta%ﬁﬁgg%\%dkOﬁén%pﬂ LN
sybstrate ansi!.rfa&emczh'mach soldel elakls 862, 56l eelpdsed@atdngact &Qionabw\macaﬁa@sdcnt ed with

the printed wiring board (PWB) can be aligned over contact pads 156,
heat ed, and Y&i{% ¥ efﬁ??#:aﬁﬁldé! ‘Béqﬂ‘rlﬁ%&”fpoé%&o?f’é‘ﬂﬁ’a‘?ﬁ P3| 154pnhdedset ween t he

contact padsgapfnhiie; dﬁ%os@@c&%c?péd?l'% Shidk: oK E&ﬂg YedohidRd w1th the

non- conductive, or may I nclude a conbination # conductlve and
non- corduct i Gh@ samtbe ligried ov@uiontabd peds b izt |ﬂ\ﬁe haated mhdtedloiwad fofdmn athi ck

copper (e.g. ele cat and m&hmal b?LH t%)?l%)lc%mgé)t o%%cﬁﬁlﬁﬁy%gﬁm%l dh@%h de the

conposite ric na e |n 1 on if'ass “"Cer ani cs,
i norganic d| Iakemtsaf |s@1de1ﬂﬁﬂe(noaﬂmwnpaslsgcﬁmerd/»dlﬂemepﬁmte@wn’atgemmﬁl(PWB@nﬁsbe and t he

ke, Suitable cprbinat o0 mmtertal s 2n bRELES  AbE PLSCLEISELl ) e
124 may be fimaBekwleoe icothatpadiaind hﬁWB. of, or
20 Core layer 111 may be conductive, non-conductive, or may include a combination
of conductive and non-conductive materials. Suitable conductive materials include thick
copper (e.g., up to ¥2 mm). Suitable non-conductive materials include the composite
[ dielectric material of the invention, polyimide, glass, ceramics, inorganic dielectric
materials, polymer/dielectric material blends, and the like. Suitable combination materials
25 include flexible electrical circuits, capacitors, and printed wiring boards.

Dielectric layers 122 and 124 may be formed from individual layers of, or
laminates of a combination of, high-temperature organic dielectric substrate materials,
such as polyimides and polyimide laminates, epoxy resins, liquid crystal polymers (LCP),
a dielectric composite material of the current invention, or dielectric materials comprised

30 at least in part of polytetrafluoroethylene, with or without a filler. In one exemplary
package design having a core layer and two dielectric layers, the non-conductive core

layer may be composed of either a liquid crystal such as BIAC film (Japan Gore-Tex Inc.,



| am nates of a conbi nation of, high-tenperature organic dielectric substrate
materials, such as polyimdes and polyimde |am nates, epoxy resins, liquid

crystal poloyey®i¢CP), a dielectric conposite materi abC‘i’fUSEJ&@/oPHEsf ent
i nvention, or dielectric materials conprised 30 at |east in part of

pol ytetrafl uoroethylene, with or without a filler. In one exenplary package
design having a core layer and two dielectric |ayers, the non-conductive
core | ayerOkmganaaﬁemdanaobmaﬁC”éiﬁimﬁturatajf CouilLdl. dolgyetal Japar) lor apolBimd® f i | m

(Japan Gor x In P 2004/ 013158 ama- Ken,

Japan) or WW\% 5}'4(‘1%9}%%2%” b{ﬁémomad; s} Al ’aypol yi mi de
film such qmlylﬁﬂﬂ?ﬁhh kbld md@rheaaa&amaUMERquMuNaﬁ@m)aﬂdiﬂaeom@ﬁny) or a
pol yi m de flw ol d under the traoge nanme. UPI LEX (Ube. |l n strles Ltd.,) and
t he ot her effeiicdaeriake sompesed ol p dicles S SOBROPE Teateiad P FF?IEen&orrpo& te

mat eri &l ofipdchBorcurrent 5 invention. Conductive layers 112, 114, 132 and 134
may be formed from known conductive materials, such as copper. O her

wel | -known condGendugavedayesy 112 514 hi2andd 4 By e umgd Egm knepmgerdugiem num
gol d, nickel, 'is Slch%€Lo ﬁ&“ Gher WeASho PR SorfTRRA I[Eﬁ?éﬂais iR do¥g ukavers 112,

114, 132 an may ea have a thickness in e range 0 romabout 5 to
about 14 1Gnmctaraﬁ)mnumrgohhmcbedeonsﬂmrylrmdﬂaagme dmbo@m,emt, benduttiveRayess of each

fgggfcall\{e&g?yﬁé«)@&h? h#c%ﬁe%aggpﬁ’%% tﬁé@?ﬁ@éﬁ Eg'rlg%i(l %%3%%'& Tltﬁigcr oﬁo[ g

750 migr onsmic/bhg Mmefakitniplrd pakegtdebign, HayRickneb2 8 eacli%dn&wee@@hmave a
t hi ckness in the rﬁ? e.of about .20 to about 70 mcrons In one exanple, the

t hi ckness ofi4dad o , B@EpPOEimaiphy |2 wistons.| 3,01 Ryefd} giay hatest Gickpespiner ons. 15

The variousyd ﬁ}iger@apr‘eagt BbRK € ARASETo BYRSEHAL eIh?eQQmﬁﬁﬂg laﬁle%&f&q&%@h teget her and
| am nat ed usi ng heat and pressure. For exanple, all of the |ayers can be

si mul t aneouf ynay|eaghihese & Brickness insthe Fangr ofeaboptr20do ghaxt RO migrews: dmencvel v, t he
| tall
ayers can fHg, Bg'dﬁ% thi a%alﬁtg%giﬁlgﬁeiek ellljz VST %Epr Enh{tr,ﬁr 3@hickdag enental ly

built with one" or ayesadedl m nat | on st ep.
Duri ngsl am nat i Ghe vatioss bigers Df:mteag,oamest P @raden t001@4 beretacked hiekeflienandt o 20 provi de

a nonol it hi,c buI di el ectric mat hec ctive ers can.be

pat t er ned 1%11’?@ %‘%ﬁle]ﬁeﬁfﬂldl?ﬁﬁwe eﬁodteﬁ’ﬁ "3g° g%ﬁy%ﬁ&a& 8% qlf‘itf‘]?ﬁ?’(‘ﬂy Thr ough
vias can baahipae®dith ehdh@ithenth s%mm@mz@m@ty, tetlgfee0ran @€ bulditipsi 5 adre 100. I n
particular, vias may be forned by drilli ngmor |'aser  apl ation pr ocesses as
descri bed il#veuls Onelﬂé? e, WCI‘B“@?!L}YB@EW‘ 16 oh Wiqaddptonal layers sddedsinym 31,

line 10, oreylamfaRbEatp. Mrnk Minination, dieleciric layers 122 and 124 melt and flow to
20 provide a monolithic bulk dielectric material. The conductive layers can be patterned
using standard known photolithography and etch methods.
Through vias can be formed following lamination of intercommect substrate 100. In
pgrticular, vias may be formed by drilling or laser ablation processes as described in U.S.
Patent No. 6,021,564, column 10, line 31 to column 31, line 10, or by chemical milling
25 processes. Following lamination, solder masks 162 and 164 are added to interconnect
substrate 100. Solder masks 162 and 164 may be patiemed to define contact pads 152,
154 and 156 for receipt of solder balls from a chip and PWB, respectively.
In some embodiments (not shown in Figure 1), interconnect substrate 100 may
accept a “flip-chip” integrated circuit. Flip-chip mounting entails placing solder balls on a
30 die or chip, flipping the chip over, aligning the chip with the contact pads on a substrate,
such as interconnect module 100, and reflowing the solder balls in a furnace to establish

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

10



25 processes. Follow ng | am nation, solder masks 162 and 164 are added to
i nterconnect substrate 100. Sol der masks 162 and 164 nmay be patterned to
define comvacbogads2152, 154 and 156 for receipt of sol defpRadypifisem a
chip and PW3, respectively. In sonme enbodi ments (not shown in Figure 1),

i nt erconnect substrate 100 nay accept a "flip-chip" integrated circuit.
Fli p-chip mounting entails placing solder balls on a 30 die or chip,

fli ppi ng t helisthtiutedewer the a;itirgpliﬁpglrt‘alqerad:lteir fhawbeing ccbréineabttiihe:per@acts agm a
substrate, sucl i nt rconnect nd reflow ng the saolder balls
in a furnace to es‘f’%ﬁﬁ‘f Sl a'b%m%ffn ’%&gﬁgﬁ) eﬁhm%lhﬁspAﬁﬁaesg’IIr SOEE Rt e. In
thi s manner nuinbé FOI ﬁﬁtpoﬁr&d@oﬁ[d&eﬂ:ﬁnélﬂﬁﬂﬂﬂé QT 32erEAsdd, iR HBM HB3158

di stributed over the entire chip surfacﬁff{m(JJ er than being confined to the

peri phery ad°PH/BOFCdnBERBRAEOMSTaR Patper ¥ S BLMURENPAB) t echni ques.

As a resul t, thennBExidbiec %y%sé LShANEHRQWRR St Rthe LG HEHARL Sr@yai | abl e
can be increased, and signal an omer/ round i nterconnections can be nore
ef fici ent | y yRsdissloseshhereiemal p@rﬁams dﬂﬂon@h yrelingding cagrdded qantsyitariase. ski | | ed
(N the art thffuchil By MNREicIMRA b RO LAl ﬂiaglsogx&ﬁﬂgfo%qik%ﬁgm&ﬁ{ kgl N may
contain additiona ayers i ncluding e capacitor |ayers conductive

| ayers, di elsetstrateghdvangsfewer chd@btmm@dl colidictive lajags ddpsndippers thb reuiromerske

i nt er connect tFSf’@P grat es_ havi 1g fewer dielectric and conductive | ayers
dependi ng oritg e PEEIRETHER %e the final interconnect nodule. 10 Figure 2
IS a cngss-secti Bipate Sisd@ross-eatiblall bigé viatiiluziefondofAiliiddvay Rterdonh&% connect
substrate 200, havi ng}ém x metal |ayers. The substrate has a die attach

surface 204 sabsiraty 209 dhavige sixmagts] laygist Besubgate s agliaitach surfage d04endent r al

Capac' tor stioMabiid sgéche"!'OﬁhItfa!sB%chﬁ@Qa cHBSNAPacHBNGC ok B ol RAUEES A4 2, 214
and core layer 211. Metal filnms coated with dielectric conposite materi al

are | anm nat eecond corguptiveiless 212521dfang aere dayeedl Icapaci tor structure 210, and
subsequently, th I nmet al
(not shown) is a%%?ﬁ@"ﬁgﬂ ?O%Gﬁéem%dge?gt)ﬂﬁm%ﬁ rﬁ"ﬁ ?%Iléé@%?%l?oﬁ?ﬁ&%s
sputtensng af patearidcapacitaponctde@ds, dnd euhsequankiit, Itteoughuzllals :mmrz amsdrg]ed)vm

conducti ve. 1) Bregs et 3o el i it o 8 BB RGeS 1 ona

metal fil s spaatingomitemiddi mp@ﬁadpbﬁn&garmmeﬁ BulkBlef isddrovdd Surotigh blagoljtam nat ed
to both sides of the buil d- structure. Blind vial 244, 24 248 are

drilled. Seddingearuiing fra@éh%thaﬁ BRG fourth eendpevs devs 234 1eRd R iaformed Pyiup.
Surface cir Gyl %’%hﬁg@g n%ﬁ&tmﬁ’zﬂ Ehetald ﬁﬂnsf &5@@ dich gl Shppdanthid,eehei ques.

Protective coating 26 , are final
20 then laminated to both sides of the build-up structure Blind vias 244, 246, 248 are drilled.

Seed metal is again applied, followed by bulk metal buiidup. Surface circuitries 236, 238
are then formed through standard techniques. Protective coating 262 and 264, are finally

i applied and patterned to expose top contact pads 252, 254 and bottom elecirical contact
pads 256.

25 The core layer 211 of the capacitor structure may be formed by coating a high
dielectric material on one or both of first and second conductive layers 212, 214 and then
applying heat and pressure to laminate capacitor structure 210 and to cure the dielectric
layer. First and second conductive layers 212, 214 can be formed of copper foils, and
serve as power and ground planes. Conductive layers 212, 214 may each have a thickness

30 of up to about 40 un, preferably up to about 18 pm. Core layer 211 may be in the form of
an epoxy resin loaded with high dielectric constant particles. The dielectric particles may

11



applied and patterned to expose top contact pads 252, 254 and bottom .
el ectrical contact pads 256. 25 The core layer 211 of the capacitor

struct ur gvareawsHeosor mred by coating a high dielectric rngtyerd984AQs9ne or
both of-fi-rst and second conductive |ayers 212, 214 and then applying heat

and pressure to laminate capacitor structure 210 and to cure the dielectric
| ayer. First and second conductive |layers 212, 214 can be fornmed of copper
foils, and besdeaal, &8 epove, foomdbaguouiianand @rdslingGondired barmnd #yewe 212, 214 may

each have t.hi ckness 30 of .up.to about, 40, rn, .preferably up to about 18
gin. Core %ﬁ?‘é‘?sé‘i “W&g‘a’l?ge’ P%gi"ﬁleo’?%r ﬁﬁ‘dc}fa%zérﬁb%lglg%f/anﬁ@si n |1 oaded with high
di el ectric constCapHcitprasittalee 0 isldx@emtig tida tiid exhiias th 6xtBSndPligh dikleWifk

200- 5/ 001932 PCT/ US2004/.013158. be sel ected, .for .exanple, fraom.barium
titanate (i°ARYANY TRy eﬁ%ﬂ?l?ﬁlg %ﬁag Hh?qrﬁwﬁtrilﬁ Lﬁ]é‘i Gislecthe FompAsEe PERM ti t anat e,

titanigm O;f%ﬂ&llyQ&%ula@cﬂdsu@ﬂ heQRhdiButihd ANAL 8 totAIAPAGIAREss S lebiGha & 210 is
|

extrenely n and exhibits an extrenely hi 8h di'electric constant. For
exanpl e, i feaua &xarprpxaptely Sagietonpand, moreerefpablycliom eébew Apo shaued maqrensi al is 5

typical l'y fipr ?1@ d?e%ﬂictéaﬂ’ﬁyosi{'égﬁ{?ergﬁlﬁzisrﬁ%%ﬂ &ielpﬁﬂc @onts%fatlf é?gayer E{Elhc kness of

| ess than or equal to approxr nat m crons an nmore preéeterably, from
about 1 to cabgut tohppiogmoitedy 12 dmi, sk ireferablyt fiem dba@it @2 ta atouckhposi t e nat eri al

has a high dielectric constant of greater .than or egual .t roxi mately 12
and, nore pref eﬁéﬁdﬁonf?%mo%%ﬁfubi‘gat? OFpEes pesem W&ﬁﬁﬁfl’terefi%?rf?yﬁ{ser connect
subst nat e 200, 17ach vgasits saand cantil tdphditr sheheel 10, Crhdyehiductiklaye232 224 on

opposite sides of, central capacitqr structure 210. Third conductive | ayer
232 is forfrognebhehE SE‘E’EBﬁ@lEﬁ%I]@’@fHWgW ‘ég%’%f&y‘?r%gt Fowtbel ectri c

layer 226. JBR4T lafR NWGIHMRdIRNREN B34 dictectRN1RRS 2Deindeath difkdtd: digl ectric
| ayer 224 and fifth dielectric |ayer 228. Wiile first and second conductive

| ayers 212,2281%bilafirst srduepaeondistvelerundl 2, plamas onppower ad@dsdr t h
conductive : i : 15 Fourth
dielectric qlg%%?}ﬁﬁ%éalf%@gﬁ Hn@%ng@élf&% %ﬁ g%ﬁgﬁé I veﬁii g{;fglrm %1%{?'1 réo"r eas
fifthlsdi el ect r Fourttediglect@@Byérs226 gy fosuedoower third vertdnctoeriaiec 232 svhemyehftip 34.
Conducti ve J. ts 23 . 238 gan or med_.on, di clri .ayers and 228,
respecti veIA)’Ie,q%g[hcgl%eé??%ﬁsﬁ%r&leﬁgvg 'inﬁlecogglfcg?’ %Pﬁ%ﬁ%‘p@?‘ﬁ‘f‘ﬁ I%ermﬁg formation
of vias. Thgspacieobmad aapkdlédnicRydas 826 3nai2e8 |rkspectivelyand pajerhaisodefada! at i on.

Thus, the laser used to formthe vias.is_appl]ed (éo ablate only the 20
di el ect ri c HrelP@iedgpertuess{aniae farmationviaso 3he profpgmedapgrimsgare fypicallyy he f or med.

from coppe rfoﬁﬁixe’dr?)y@aser ablation. Thus, the laser used to form the vias is applied to ablate only the
20 dielectric material.
Conductive layers 232, 234, 236, 238 all may be formed from copper with a

thickness in the range of from about 5 to about 14 microns and, more preferably about 12
microns. Each of dielectric layers 222, 224, 226, 228 may have a thickness in the range of
from about 20 to about 70 microns and, more preferably about 36 microns. Thus, the

25 distance between an outer surface of first conductive layer 212 and an inner surface of
electrical contact 252 is less than about 100 microns and, more preferably, less than or
equal to about 88 microns. The various layers can be laminated together in a single step or
through a sequential build-up. For example, prior to lamination, dielectric layers 222, 224
can be coated onto conductive layers 232, 234, respectively. These dieleciric/conductive

30 layer pairs can be laminated on either side of the central capacitor structure 210. The
conductive layers 232 and 234 can be patterned to define signal traces. Similarly,

dielectric layers 226, 228 can be coated onto conductive layers 236, 238, respectively,
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t hi.ckness in the range of fromabout 5 to about 14 mcrons and, nore
preferably about 12 mcrons. Each of dielectric |ayers 222, 224, 226, 228

may have awvbhiwkoess in the range of from about 20 to ap©pis60s/Mzesons and,
nore preferably about 36 mcrons. Thus, the 25 distance between an outer
surface of first conductive layer 212 and an inner surface of electrical
contact 252 is |less than about 100 m crons and, nore preferably, |ess than
or equal tgrebeuemB8tion. cTimss dielbhigicizanduotig Ih)&ygaris; oambe h&li]hmﬂ smabelet t oget her

masmgles hr ugh se nti bui rlor to

| ami nati on, Oéﬁ Is'érga[c? C"?ng‘fg'?' %?aﬁ?ﬁ%gﬁ%f ﬁéaﬁsﬂ?«%mggg? uﬁﬁng ®ve | ayers
232, 234, reZSMhﬁnyltmlby atidiesie di el ectri c/conductl ve 30 | ayer pairs can be

| am nated on eit g ]‘ t he central capaC| t struc,t ure 210. The-

conductive | ayer n%?eé‘mﬂ’ 1’2‘?8"&‘“6% chRdupiiter! @feﬁe‘ﬁet lagead” e -symsmeaiices .

Simlarky, g@bf@idnicppbsiySiss ca*%@%aca 3 utahke2e0 @gﬁ&ﬁ&e@ﬂﬁ&uﬁpﬂ%ﬁhkye | ayers
236, 238, respectively, 12 WO 2005/001932 PCT/ US2004/ 013158 prior to

| ani nati on. @A &esist difematien il te dreanaltsiresses. é&/é@fﬁﬁéﬂr@ﬂé‘mﬁlV@éﬂYbﬁmaﬁdﬁed on to
the outer Sc‘dﬁétﬁ&%%g%thgpé%glgﬁis'tﬂéesah%%%f%%ﬁ ?d‘lqargr%ted bf QEﬁttﬂn% Ying The

conductive | ayers e patterne di‘ment s, the
conducti ve |ched sitas mttétmdcmsédm metaécqnc&ylmlm mieachl lhyer b&ngegprbxxmaedf on

opposite sides 0 apacito 210 e structural uniformty
and resist dafdr E(r‘btt%f dW”ﬂffe{hF?[ﬁgft Y?t@gi}ge@fﬁﬁﬁep‘gﬁ NIGF A, conducti ve
| ayersiomy h@bst&ian} squel edred? bilhdlingae inftag sbdeirf@airng wip odthenet al f oi |

| am nated or, plated thereon and etched into a pattern across it; the netal
concent r at i JRTCAESE RO RdeBP AR ! 855 oxi mat el y  equal . In this manner, the

CTE of one | ayer ranpouRSCTE: R, hbfcAhheLhaHEsE8udd sshhstast i al |y equal ,

t her eby bal anci ng one another and m nim zin I nt er connect

modul e undercotlﬂi@tlmﬁassﬁlrcé%bumf@rthmh Yie é‘i’f‘bég}] tggﬁenq throagk digleskic substrat e
200 i ncl ude giﬁb [ a 240,
242 whi ch e 43%0(3?%?%(‘:@%& 1?5’5?33353‘!2‘%3”"@&% andg%&(g%lr:i gl('r:i?f\r c%nductl ve

| ayers1232, 284246y\hltherﬂw attach surface dbv zaxdtbhbdi via4§,iaathe bbard 48ach2dace02t he di e

ttach f 04 d bl 248 t.th b f 20
?esggct is\ljrel 3(‘% Ve}é”: Ibl’ glr’f\éf@?sﬁe @Pgeq‘ Oe lag HP%%‘%FIIa tﬁFy"l)J’r a e %lectric

layer and anfed fbsaﬁnﬁg)émﬁzauiohmstﬁéﬁma@bb@msu@aim cithe sedywmetdma:tﬂuayer S on
either side of the dielectric However, blind vias can be forned that

extend t hr oug¥ralipvercaltiing viss Gﬂlnd?ﬁfﬂlalteédhat Pead thropgh T RSt ofimiprtet o
conductive ljayel Ofhebi hilghle Sbilce 528 Gl Bth&Gideiof oAV ctridEBE. Blich of

20 the conductive layers can be patterned as required, and any necessary blind vias to connect
adjacent conductive layers formed, before the remaining layers are bonded to the overall
structure. For power and ground distribution buried through vias 240, 242 may contact

{ either first conductive layer 212 or second conductive layer 214.

Blind vias 244, 246 are placed adjacent to contact pads 252, 254 for receiving

25 solder balls (not shown) from a chip attached to interconmect substrate 200. The solder
balls are heated and reflowed to form electrically conductive bonds with contact pads 252,
254 and are electrically connected to vias 244, 246, respectively, thereby interconnecting
/O’s on the chip with I/O’s on the interconnect substrate 200. Likewise, blind via 248 is
adjacent to contact pad 256 to receive solder balls {o provide electrical and mechanical

30 connection of the interconnect subsirate to the board. The solder balls are heated and
reflowed to form conductive bonds with contact pad 256 and therefore are electrically

connected to via 248, thereby interconnecting I/O’s on the interconnect module with I/O’s

13



20 the conductive |ayers can be patterned as required, and any necessary
blind vias to connect adjacent conductive |ayers fornmed, before the

remai ni ngyvbayermmse bonded to the overall structure. FWOFUBRWEHIzRdRd ground
di stribution buried through vias 240, 242 may contact either first
conductive |l ayer 212 or second conductive |ayer 214. Blind vias 244, 246 are
pl aced adj acent to contact pads 252, 254 for receiving 25 solder balls (not
shown) fr omngheAWB. dine Aikbahdtboritdvier mewenecihowsnbstanet @g@0path, fiwhesol der  bal | s
are heated and.reflowed to formel ectri | y conductive bonds with contact
pads 252, E X“ﬁﬁﬁpgﬁgwéPégfﬁF%% F@mégﬁ%g%ted to vias 244, 246,
respectively, thereby interconnecting 110's on the chip with I/Os on the
i nt erconnect substrate 200. Likewi se, blind via 248 is adjacent to contact
pad 256 to receive solder balls to &hﬁﬂkﬁﬁelectrical and nmechani cal 30
connecki on of t g jefieRisGRNRAGE ahthaEd fra b weiphi BesBoteviscldecital der balls are
heated and reflowed to form conductive bonds with contact pad 256 and
therefore are electrically connected to via 248, thereby interconnecting
110's on the i.ntercqonnect ppdule wiith 1/0 s 13 WO 2005/ 001932

PCTI US2004/1g13a2! aritles,qqataipie comResils disheiricaateiial metr midees fellosent a | ow

i nduct ance sj.gnal path, further .reducing.i ce | n.ipterconnect
substrate g&ﬁ@@@%ﬁﬁ%@?—nﬁ % 18 Sﬂwzgﬁwﬁ%ﬁg@%ﬁ#&g@@ TéTS‘%mB‘gl wei ght
unl ess ot hergy $6 Fﬁﬁérf; h@éiiage p&&@e}[&%}eﬁg‘\sﬂgﬁﬁ b)%_fe‘%ﬁsp%&@& SO GANRRA! t e

dielectric maferial were madeé as ilica surface treatnent: 900 g

si | icd0(Si Gehyl petord MEES— aadabl2 frayall] Bakee Phillsbat NOndbén 9 pollvinylTokyo, Japan
N |.28; di -] | 10 et hyl
kot one. ( NG SN he S MERELARE AR, Wi IEhGY ) P I )

t ri acet oxysddde eA v §ilSng atauah tarigleatire mabdudi s wmuEheld gail deGmized Matemaukee, W)
was added. After. stirring. at roomt erature faoy ,aboutl>5 mnutes, 20 g of
dei oni zed V\)ﬁ"fseatdge%athea&gc?@gl.onfﬁé rf"g{‘%%d: R S RN ‘ﬁ%& &°18E+ r ogen for
24 hours. AftbeimaifedtieMEK wabuiovesby vashiurh ARtNbén Weth o etByedpdiytoracuum
distillation with a roéﬁéé'evaporator. 15 Then abgut 500 g of _tol uene

&

(avai 'abl e TheapPeP 4Ly neciaypiable fim K Scipgee, tpwn, Wikveas afdsdovi ng hal f

of the sol Vel o Iﬁ[%f%%@%ﬁ;bgQ&?rﬁ%b%?aﬁ%gpaéﬂuﬁmw&&i%ﬁh fofhféhé'ene Was

added. After this sol vent exchangé, e silica dispersion in toluene

[ cont ai ned wareidiied. gftsn s solveaidxclehgdvidiqsiliva dispersion initobisne ksantainéd §8dh 20
Comosi te DhelrLie) HRRS Rl LOLAMLLE 9 To the above silica
20 Composite Dielectric dispersion formulation: To the above silica dispersion, 727 g of
toughened BCB resin (an Experimental CYCLOTENE resin XUR-JW-1148-200201415-
47 in Mesitylene, about 53wt% solid content, available from Dow Chemical Company,

Midland, MI) was added. After stirring, a composite dielectric dispersion was obtained.
Composite dielectric dispersions with varying amounts of treated silica filler content were
25 prepared by adjusting the amount of toughened BCB material added to the silica

dispersion.

Priming the Cu foil: Copper foils were treated with fresh 1% vinyliriacetoxysilane

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

to 150 °C. Table 1 summarizes the copper substrates that were evaluated.
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t oughened BCB resin (an Experinmental

47 in Mesit
Conpany,

| ene,

di spersi on was obt ai ned.
amounts of treated silica filler content were 25 prepared by adjusting the

anount of toughened BCB nateri al

the Cu foil:

(VTAS) solution in 95% et hanol .

Sufbolf7 BALE) dp @ dee ami n
cal

2, about 53wt % solid content,
2HR@019% ) was added. After stirring, a conpogi.t
Conposite dielectric dispersions

added to the silica dispersion.
Copper foils were treatedlableh fresh 1% vinyl triacet oxysil ane

opropyl si |l ane (APS)

i

P

CYCLOTENE resin XUR-JW 1148-200201415-
avai l abl e from Dow Chem cal
ielectric

ﬁlo?/gﬁ}ﬁsn g

Prim ng

solution in__30 water (avail abl Co., MIwaukee, W)
may be used. ?&t er  the ¢coPp®wilf pChsumeéec Caauddcari.t h_t he siliane sol utjon,
t hey were hak f?'E)WPfS Mithickess Bt ptRIE [t arddield Tagle%‘fof sunﬁﬁ?‘i“}eégs F he
copper sub§t rates that \1ver e evaJ uated. 14 WO 2005/ OOfRgd;~PCT7 USZ004/ 0[13158
Tabl e 1 Summary¥ iOPRBpp |1 suhst | atepio@ [f oi dutype| CypEeiol, CUl subf@ce Cu
surface Vend8moohhbrekes)| thicl thess profjile treat rent, Maif oi | aPPegranaem) copper
Gay o -r (30 mA—backimng) 5 Very towz O Zn ( PETRicOL R .
Sweden) 5 m éeppwrpdvkt f 0i 4 EmPi nkvé%ﬁio% sh (?IO m Al g}gﬁr@ng) Bninreddely| | ow Cr
(Per st orp, i@ppeapbirckingSweden) B mAin [YTF T 3 m Véﬁ%eden CLr Apfrrar@hden
Peel abl e Notrwal-k—CF)—+ecoppetr— 3 m-Cak—M-tsti—Cak—M S et ﬁh‘ e--M-crothin
3 mVery | 0w @Ot XH00Si | Toik) FaVirs Jove dpperr/zi 8 T@l oi.|, 1875 ankiar d2
Cr/Zn Wth{Gould epoxy-gilane (Fastlake | OH) 18 p¥YEREK Y Sh Mtbui
oo Qak Mitsui
3 pm Oak Mitsui : Peclable
. . 3 pm Very low Cr/Zn (Hoosick Falls,
Microthin copper
NY)
{ . 2 | Ct/Zn with Gould
18 pm JTC foil 18 pm Standard epoxy silane | (Bastlake, OH)
o Oak Mitsui
18 pm Oak Mitsul 18 pm Standard Cr/Zn (Hoosick Falls,
foil
NY
18 pm Ol Cu 18 pm Very low F Cr/Zn Olm Copper
(Norwalk, CT) { Bond Finish
! With 35 pm Peelable Cu backing.
According to IPC-4562: Metal Foil for Printed Wiring Applications and TPC-CF-148A: Resin Coated
5 Metal Foil for Printed Boards, low profile copper has a maximum foil profile variation {R, ) < 5.1 pm;
medium profile has 5.1 pm < R, < 10.2 um; and standard profile has R, > 10.2 pm. Most vendor foils follow
the IPC standards.
Precision coating: The composite dielectric dispersions were coated onto the primed
( 10 copper foils using a knurl or extrusion coater and dried at a temperature in the range of
(' about 90°C to about 150°C for a period of about 5 to about 20 minutes. The final film
thicknesses were controlled from 15 to 38 um.
Lamination: The coated copper foils were then laminated with VTAS-treated copper foil
15

(such that the composite dielectric material was between the copper foils) at 177°C for 1

hr, then 235°C for 2 hus with a pressure of 800 psi (5.52MPa). Alternatively two

dielectric coated copper films can be laminated together when thicker films are desired.

15



foil 18 mStandard Cr/Zn (Hoosick Falls, NY 18 mdin Cu 18 m Very | ow
Cr/Zn Ain Co (Norwal k, CT) Bond F| nish Wth 35 m Peel able Cu backl ng.
Accor di ng WBZF @0W582: Metal Foil for Printed Wri ng App},(l:ﬁa 10D

| PC-CF-148A: Resin Coated 5 Metal Foil for Printed Boards, w%r’i

copper has a maximumfoil profile variation (R) < 5.1 m nedium proflle
has 5.1 m< R < 10.2 gm and standard profile has R > 10.2 m Mbst vendor
foils fol | owel ddlmsibPlesitgiMdelradbesidrienting wehdweationding Brremedifigbeiten ofi el ectri c
di spersi onsypweng. o a knurl or
ext rusi on glgat er 6%@? gﬁdg@w{vfagﬁtl%u%reégu%é I‘%n eélgtﬁhafﬁetﬁﬁ aﬁ%out 90C to
about 150C IfammaespeAﬂfm:boohn@ﬂmdﬁmﬁaﬂe@@a@el&@nmmﬁo@ﬁek@b& laminate fil m

Foi s wor o YRERC BRHRAL 8-t hriAeen Skt To BB oRRber e RtS that ¢ ne

conposist e el(mtnfmcmtzerdnglusmgs metpmgmntsb@pmnmrmafderbyshwﬂﬁg ABAE for 1
hr, then 235C for 2 his with a pressure of 800 psi (5.52MPa). Alternatively
two di el e@?@%b@?@@%@ﬁ’éﬂdﬁw Fét) c ahhafest samp! Fléﬁaé cp BEFSTASRIOREN t hi cker

filnms are dgshdigunlinud{@ned0nnlOdd AP NITROMPEPOthlk3dnd usﬁg%'é sAdhesi on

Testing: Peel adhesion testing was done according to a i fied version of
| PG- TM 650, (2t 15 mmﬂo‘dcmbﬂwﬂommd PHR tgpe. Omeald ofthegemysdmpmé whet al | i c

Cad L d
a a 8 5n di;e'b‘m];e:ﬁ{jl cla %d oﬂ%t}h Hgvi an%ﬁ oaf T?lnge?gs{j é)gaslc_%(:%{c?e%(aa% out 15cm

conp05|te/cop er wer e
x 3 cip thenmie (a@oﬁtﬁrdrﬂdﬂnn)tﬁxadmmbl speed PBE] dbtayvat cOlfeatzdut 1 B2 sanpliag2atb cm)

Company ( PHIRABBRETERS BRBPHHIY B P ap LN R BREEEed ont o & 6"

di amet er al um num wheel fixture on an I NSTRON type tensile tester using a
6.5" x P" about 15 cmx 2.5 cm) 3M SCOTCH brand VHB tape. One end of the
test sanpl Lraparties gnaResulis g securely clanped onto the noving crosshead. The

peel test was capdidelftydhe %rt%fkhe%ﬁb&néaﬁ%ﬁwﬁnﬁmﬁ@ @dnthihing dedtb@vel speed.

Peel data was collected at Hz sanpling rate and data averagi ng was
typi cdbly dbBeasgheinogast ﬁllerbm ﬁlactmjof ﬁgeﬂ cogiest dviereuremenpwereineasieafier Resul ts

coating the composite dielectric material onto a liner and curing the dielectric materia} at
different temperatures for one hour. Measurements were made on free-standing films of
the composite dielectric material. The relationship between filler content in the resin and

resulting CTE is almost linear.

20
Table 2
CTE of an SiO, filled diglectric composite material as a function of Si0, filler
content '
25
B CTE -
Si0; Filler Content
7 (wt. %) _(ppm/°C)
: _ Cured at 250 °C: Cured at 300 °C
0 S5 67
16 79 54
38 61 42
60 43 35
75 28 24
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Tabl'e 2 shows the CTE of the conposite dielectric materials (containing
treated 15 Si02 as the inorganic filler) as a function of filler content.
Measur enent¥Odes@otpazle after coating the conposite diel e{; i.c.material onto
a liner and curing the dielectric material at different f%&?‘)ﬁf’&?&g f or
one hour. Measurenents were made on free-standing filnms of the conposite
dielectric material. The relationship between filler content in the resin
and resulting CTbble$ daturasits the reédionshii(beTedrh dill2r ChEnodf arsiG) @Rlekink| ed

dielectric c site material as, a functi of Si02 fil content 25 Si 2
i1 o Cont utReTe gt B T i Byl M Bmtien bt atePlsna 00 85 67 16
79 54 38 6lprékdde HOciASadipsion Bat? &r 2k SiGHANIELHAO OB RO BidteREITds WP2Mdh 6113158
Tabl e 3 doc nts.the relationship between filler content of an SiQ2
dielectric H{?B@Wg"' terial of the current invention and adhesion to

copper . sTabl es 3 A@Rgkich dFmadrie; 5 BREEdph&r sapktatek Qartatay ilefse hiver2O4ith 2
dielectric conposite material as a function of filler loading levels. 5

Adhesi on of t 85 lagsdhang’ 1R 18 necdpd Eor elsefnis pickages. baf ¢apdg chaliepsagode
substrates Wil (Ragelibf bPESTed S65ailiNAe rdThitd HatBEA 1s8GEE QY
packages, butljilca(fna gggﬁgﬁengjsﬁg? 1Iln ter 1of %gﬁegﬁgﬁﬁﬁ ﬂ?rs’e%tlégmé‘lgoz

di el ectri ¢ coppositseatpathericd Bidfetent melntengthoindadhesmotfaibfre tiodes. Cizpgrally.
substrates showed .di f f.erent. pee tr t.h n hesj faijure des.
Coneratly. TSPkl PERPE AR B G AR R BT BB A RS ghened
BCB redin hasgfeet aheghdsionao dbppef. fReteffen obshess (gpetibickogspdaking tenpefatiee)t  of

s l,- anes (t y%%ﬁe& ct]nl &ik“fgr%gtsdopge%glllr?a%est. eg‘g)ﬁarhii gi ailg %m'mers such as VTAS and APS are

{ efficient in improving copper adhesion to Si0; dielectric composite material and result in

a ‘cohesive’ failure mode, which is much preferred over an adhesive failure mode.

15 Table 3

Relationship between untreated Si0; filler content of a composite dielectric materiai and

adhesion to 18 um JTC Copper {Cr/Zn epoxy silane surface treatment)

Filler Content in BCB Cu surfaces ~ Peel Strength.
(wt.%) - L - {Ibs/in/ N\mm)
0 18 um JTC foil 2.8/048 :
60 18 pm JTC foil 2.3/040
70 18 pm JTC foil 2.3/0.40
75 1& pm JTC foil 1.5/0.26 ]

20
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varied on di
APS are eff
mat eri al

SS2 filler content of a conposite dielectric materi al
(Cr/Zn epoxy silane surface treatnment) Filler
Strength

gm JTC Copper

Cu surfaces

A¥R212908/801032 | n
over an adhesive failure node.

fferent copper
I ci ent
a

Peel

surf aces.

failure nod
15 Table 3 Rel ati

e, mhic
onshi p between u
and adhe
Cont

b

Certain silane prinmers such as VTAS and
I n inproving copper adhesion to Si 2 dielectric conposite
" cohesi ve'

ferred
ﬁ’ at ed

sion to 18
ent in BCB

(. %1bs/un@:¢sﬁnm 0 18gm JTC foil 2.8/ 0.48 60

|ons ip

ikt oga ;ﬂeﬁ*cé‘ig c 08 g ol 1 Gaf oi |

and

adhesion to 5 —um-Metfotts—(Zipe——rte Stffs e treatrent F‘ra—Sﬂum al um num
backi ng Si QPZ $id, | Reller@uitemtt  Coat epiﬁe ni natle !if'ﬂ* WS'% péel strength
peel strength . (I bgki:st)/ N mm (I bs re ErT 4. 2/& §lg§l}0 75 60
4.0/0.70 4. 1,072 70 3 2/0 55 "hf'sz (Bps/iny/ 75

2.5/0. 44 0. 8.0 14 8B Not_det brrined-®/ %7} the ¢ nnprﬁ%/(]ﬂ?nru ed and t he
filler content is ab®ut 70% the peeldst.¥ength i 11 be.aboi 0.6| 5 I b/in
(0.11 NVmm ., "CoatedypSi de™ refers tmdhgseopper lsurfages qgr Whi ch t he
conposi te difelectri ¢, §i SPErsipn was 3 grg & nal Ty coated &k dried).

"Lam nat ed gide” réTgrs O The coppey 554 ace tof whi cliy gigdried]di el ectric
(on the coated si ("Er)ﬁ()rb Not determined 0

*If the copper is unprimed and the filler content is about 70%, the peel strength will be about 0.6

5 To/in (0.11 N/mm).

“Coated Side” refers to the copper surfaces on which the composite &ielectric dispersion was
originally coated (and dried).
“Laminated side” refers to the copper surface to which the dried dielectric {on the coated side} is
laminated.
10
Table 5 summarizes key mechanical and electrical properties of the original
unmodified BCB resin and the toughened BCB starting resin compared to the properties
of the treated SiO»-filled toughened BCB composite resin system (BCB-Si0O;). These
properties include the isotropic CTE, dielectric constant (Dy), dielectric loss (loss factor)
15 and the percent elongation to break of the various materials listed. Dielectric constant
was measured at 9.3 GHz.

The dielectric measurements were made on free-standing dielectric films using a
known split-post dielectric and magnetic resonator technique. The thin material or film to
be tested was inserted between two fixed dielectric resonators. The resonator measured
20 the permittivity component in the plane of the specimen. The split-post resonator is used
to make dielectric measurements in the low gigahertz region from about 1,1 GHz to about
35GHz.

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

material, it is useful for the original resin to have elongation higher than about 25%.

25
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| am'nated. 10 Table 5 sunmari zes key mechani cal and el ectrical properties of
the original wunnodified BCB resin and the toughened BCB starting resin
conpar ed t oxbhesaneperties of the treated Si02-filled toughened BCB
conposite resin system (BCB-Si Q2) These properties incl uBeTAURBO#/8B1F0DI C
CTE, dielectric constant (Dk), dielectric loss (loss factor) 15 and the
percent elongation to break of the various materials listed. Dielectric
constant was neasured at 9.3 GHz. The dipgligetric neasurenents were nmade on
free-standing d| el ectrlc fllms usi ng a known split- post di el ectrlc and
magneti ¢ resonaemBparise bine eigal piopertichoficompensnis sif a diele posity ot ed was
i nserted be 'eﬁercitﬂ i sonators;— e regonator msured 20
the permtti|vi ty M}mmﬁient i nt ’e@%ne of Dke speg,:c En. THéngplier - [post

3 e P + 1 A

1 d al N o Hr-anRat l owvw_ai-aah
;gs_onat or I.ﬁﬁmﬁg?TnLB@\c ¢ :L‘;Ic,:ézug FeaStit l:llL °0§dl,$’” Ijoﬂ g;z:ertz
gion from apodt = orabott——35GHz- .\fr her dngati on
(greater than CQ‘%‘CIFB %561 ¢l ect Brc conposzﬁe naptgp}%l it 2% useful for
t he origi naI_LMMQ)n elongation hilgher _than about 25% 25 18 WD
2005/ 001932 | PCT/ US04/ 013158 TaBiSe 5 Qonphfi sdn 6P-0/ht éri _al- properties of
conponent s ¢fBE@Bdi@ @6Yarfilericonposidte matleri dP  Mat éx404l CnECP.585 , flacLoss
tor Elongation Oiginal BCB 52 2.50 0.0018 7% Toughened BCB (15% 85 2. 40
0. 0018 25% toughening agent) Si02 0.5 4.0 < 0.001 - BCB-Si2 (70%filler)
32 3.0 0.002 2.5%5 It should be understood that the drawi ngs and detail ed

descri psi on her eiifshaiile be GndegstoddaBA i Kavifesand dbthilkall deddrip¥ién hatihafe thhan a
restrictive nmanner, and are not intended to limt the invention to the

par ticul ar megemsdimen Bhstrsive Rtyr dap a ssictivymaner. @ph e 2Py intenged tp Hmitdhs on

invention to the particular forms and examples disclosed. On the contrary, the invention

includes any further modifications, changes, rearrangements, substitutions, alternatives,
design choices, and embodiments apparent to those of ordinary skill in the art, without
10 departing from the spirit and scope of this invention, as defined by the following claims.
Thus, it is intended that the following claims be interpreted to embrace all such further
modifications, changes, rearrangements, substitutions, altemmatives, design choices, and

embodiments.
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i ncludes any further nodifications, changes, rearrangenents, substitutions,
alternatives, design choices, and enbodi nents apparent to those of ordinary
skill in the art, without 10 departing fromthe spirit and scope of this
invention, as defined by the following clains. Thus, it is intended that
the followng clains be interpreted to enbrace all such further
nodi fi cati ons, changes, rearrangenents, substitutions, alternatives, design
choi ces, and enbodinents. 15 19 What is clainmed is: 1. An electronic
package {éﬁkﬂgﬂﬁ nhon-conductive core |layer of dielectric conposite
material and at |east one conductive | ayer | am nated thereto, wherein said
dielectric conposite material has a dielectric constant | ess than about 3.5,

and a dielectric  loss of |ess than about 0,004, wherein the dielectric
conposi t el'mat et SlFCtaMg PREkaEeLOMPESHE @ eR-cBRIEEYS 69t lyerofelisledtiiay,  and from

about 50% o@i%ﬁtcﬁélod@ngﬁt lg%ét%hé cHduive l!l)?é?%’nri%\@d %H&fk{tﬂg%&hﬂ’?&& iculate

filler, said resin and said inorganic particulate fti el ng
conpat i biditlzestic bgmpasita snatdriah has 4 dislectoio agistant leagyban abqut 3 Anarel edieleanicc package

according to ¢l aim i,n.sai d conductive | ayer has .,a ,thickness of |ess
t han aboglf)sszfgﬁ?ﬁs than aR\é\{S}S{@é'f Wﬁf”ﬁe@ tﬁ%@‘ﬁ&&%‘%@g@?%&dﬁgf%ald'?%‘i‘%ﬁﬁ wherei n sai d
conduct i ieugirued bdnsody@Wbuithe tdsing atPREA abHa \S0NDoAbbIR BROBS Seight ¢fatt 0 about 5

m 4. An el ectronic package according to claim1 wherein said at |east one
i nor gani cleashang inerganicParticy|agg filies, sgidyssip japd,paid mosganjcaartiranat fllgbelger age

particle %tibﬁ%&ﬁ @aﬁrofﬁgﬂﬁlecbﬁ?liég?ée&er cent of the thickness of a |ayer

of the dieléectric conposite materia n el ectronic package according to
claim1l wherein said package conprises a core layer. 6. An electronic

package cording to claim5 wherein sajd, cqre.layer conprises.a polyner
Sel ectod 11 om AHECCFIPASERE AFTTHTES? Sy et S pordBritedret hisy” Dot yi mi de
pol YNer s. thitkndR oBle8CthuP Mt BERKAYGe according to claim5 wherein pairs of at

| east one conductive |ayer and at | east one dielectric |ayer are disposed

symmetrically about the non-conductive core |ayer. 20

3. An electronic package according to claim 2 wherein said conductive layer is low

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

4. An electronic package according to claim 1 wherein said at least one inorganic
particulate filler is a particulate silica having an average particle size less than or equal to

ten percent of the thickness of a layer of the dielectric composite material.

S. An electronic package according to claim 1 wherein said package comprises a
core layer.
6. An electronic package according to claim 5 wherein said core layer comprises a

polymer selected from the group consisting of liquid crystal polymers, and polyimide

polymers.
7. An electronic package according to claim 5 wherein pairs of at least one

conductive layer and at least one dielectric layer are disposed symmetrically about the

non-conductive core layer.
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