POLYMER-CERAM C COMPCSI TES W TH EXCELLENT TCC 5BACKGROUND OF THE | NVENTI ON
Field of the Invention The present invention relates to the field of
capacitors and printed circuit boards. In particular, it relates to
pol yner - cenanmmmissanposi te materials for use in the formatisemn:hod
capacitors and printed circuit boards. The inventive conposite materials
exhibit a | ow change in tenperature coefficient of capacitance (TCC) in
response to tenperature changes, as well as other desirable propeities.
Description of the Related Art 15As the circuitry design of central
processing units (CPU) seeks to achieve increased operational speed, the
performance of integrated circuits becones ever nore inportant. The
circuitry design of printed circuit boards, which nount these integrated
circuits, is also very inportant. 20Capacitors are common el enents of
printed circuit boards and other mcroel ectronic devices, They are used to
steady the oper %bt%’ﬂfém%%ﬁ@&m?&@%‘ydﬁnﬁ‘s‘%T@F&&Eﬁmﬁﬁﬁ tance is a
nmeasure of the energy storage abirlity of a capdacrtor. capaci tor
i ntroduces capacitance into a circuit and functions primarily to store
electrical energy, block the flow of direct current, or permt the 25f| ow
of alternating current. PRSRGRQYNDORLEE INVENLINj se a diel ectric
mat eri al sandwi ched between two el ectrically conductive nmetal |ayers, such
as copper foils. In general, the dielectric material is coupled to the
el ectri cal IEeléohfebvenion netal |ayers via an adhesive layer, by |amination,
or by vapor-depgosi.ti on. r.et.of.or apacitors, arranged .on the surface of
printed ci r%hﬁip = néglrv ﬁloﬁgg‘éte‘kbtgéhﬁ ﬁc%é)dn?%r%ﬁ?dcﬁtoﬁb ?'ned(,penrrll%e%éj f%trtfoéirdf'oﬁlm niaturize
capaci t or s, patifculag & réeenio owir-t@areic theposbeisatetald fe hech tedo@eriaim ¢ mat eri al
with a high dielectric constant, or to decrease the thickness of dielectric
cer ani ¢! ayd Fpacipgand araied CERELCHED cHE N BRI oMY A RIS SRAPEE and si ze of
the capaci tigf chAy¥ehSerAffatBeodhghR 6! LbieicoRIT@R! inQfsphdle d Nsul ati ng ,
material. In one known arrangenent, "enbedded" capacitors conprising thin,
doubl e- si deemesppe chapietdad weh asathesddyanbée peratidsor med within nmul til ayered
circuit 10board | ayers, producing excellent characteristics. Printed
circuit boards having

Description of the Related Art
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15 Asthe circuitry design of central processing units {CPU) seeks to achieve
increased operational speed, the performance of integrated circuits becomes ever
more important. The circuitry design of printed circuit boards, which mount these

integrated circuits, 18 also very important.

20 Capacitors are cormmon elements of printed circuit boards and other
microelectronic devices. They are used to steady the operational power supply of
such devices. Capacitance 18 a measure of the energy storage ability of a
capacitor. A capacitor introduces capacitance into a circuit and functions
primarily to store electrical energy, biock the flow of direct current, or permit the

25  flow of alternating current. Typically, capacitors comprise a diclectric material
sandwiched between two electrically conductive metal layers, such as copper

foils. In general, the dielectric material is coupled to the electrically conductive



such enbedded capacitors are able to nmaxi mze the surface area of the
circuit board for other purposes, and achi eve increased signal transm ssion
speed. Capacitors with high capacitance density are particularly desirable.
The 15 cepaeistoassee density of dielectric materials catris2éonoregsed by the
addi tion of ceramc materials. However, the high |oading of ceramc filler
materials into a dielectric material often results in a conposite which is
brittle, and which has very | ow nmechani cal and processing properties. Such
hi gh capacitance density materials are also known to exhibit |arge changes
in capacitance due to changes in 20tenperature. Additionally, materials
havi ng high dielectric constants are al so known to be sensitive to

tenper at ur enaN@RS4a MI®ELA By bNiasichol FTReRatdtiepsiapandenci es of

capaci tance are known to have a high "tenperature coefficient of

capaci tance" or TCC. A material's TCC indicates its maxi mum change in
capaci t an. ! - ec fi 8 : Qﬁ}ﬁ% I ielectric 25
conposite c%geégééﬁ“ér@a%g@e}% ?%%eﬁggggggg%%é\%e %gélé |§ﬁ%ﬁ§%€§gchange in
TCC of fronpaswhow asen efibrigtotromasurizowarasitors, 1084 deer kimwingopghrieat ur e r ange of
from abgut '55dOP o about 125 C. Hoggvgr flr neeg g{xi zta in the field of
printed> ciPelFBOSGE IO RS 0H & M IS HRPSIT A 40 demets it i cul arl y
enbedded capaicbosf dmERnd &rsmbdamicng T afyiRWiehangsihaiif GEtien the range
of fromabout -5 %to_about +5 9% and preferably as low as fromabout -0.5
% to about SRLENF1ZE Af he SEBALY IS e iifediclprrit eopsEbeUPE WP t he range
of T1 Om abQklhertsO1onk @nAFRAhn L A% Crernthiga R €368 Ko BYSALGAMRL OVi des

uni que pol yner-ceram c conposite naterial whi'ch achi eves I'S goal. The

i nventi ve clonposictécomteriidlasizddittiobah fymird wethexoeltlanted wechani cal
propert,i.es . such as goqd .peel strength and l.ack of brittleness, electrical
or oper t'es % g@ﬂéyggs, ﬁﬁ‘ﬁﬁ“ Cé’fcgﬁﬂt F@‘gﬁ%%f“éﬁwtéméef‘iidmﬁ}l%k(éagg‘ g "&har act eri stics
such as easectofmiddddd@pacl@rsSHMMARY mEheiAitscdofty gepsavé dasita conposite

mat eri al which conprises a blend of a polyner conponent and ferroelectric
ceram ¢ parPrg RhERIER Fotfrshic TS Bisipta stnalcEmpnisses seed| east one epoxy
contai ning polyner, in an anount of fromabout 5 wt. %to about 95 wt. %
based on the wei ght of the polyner conponent, and at |east one pol yner

havi ng a plGapadifotsywigf high oxpcitaae tiénsay gregapsuiany desiabisuibe of from about 5

W % tlg al%%%]atc%ta%%e \%ﬂsit%) oPglseE:gtrf?:r}ﬁattehm%lby\é%L %Q tinc?éasgdho%z &2 Lé’c{}t?gn §° ponent,
ceramic materials. However, the high loading of ceramic filler materials into a
dielectric material often results in a composite which 1s brittle, and which has
very low mechanical and processing properties. Such high capacitance density
materials are also known to exhibit large changes in capacitance due to changes in

20 temperature. Additionally, materials having high dielectric constants are also
known to be sensitive to temperature changes, Materials with such temperature
dependencies of capacitance are known to have a high “ternperature coefficient of
capacitance” or TCC. A material’s TCC indicates its maximum change in
capacitance over a specified temperature range. Conventional diclectric

25 composite capacitor materials have been developed which have a change in TCC
of from as low as + 15 % to as low as + 10 % over a temperature range of from

about -55 °C to about 125 °C. However, a need exis:s in the field of printed



20wherein the conposite material exhibits a change in tenperature ~
coefficient of capacitance of fromabout -5 %to about +5 % responsive to
a tenperature change within the range of from about -55 C to about 125 C
The disclosure further provides a conposite material which conprises a

bl end of a 25 pol yner conponent and a ferroelectric ceram c powder, which
pol ymer conponent conprises at | east one epoxy containing polyner, in an
anount of fromabout 5 w. %to about 95 w. % based on the wei ght of the
pol ymer conponent, and at | east one polynmer having a plurality of
epoxy-reactive groups in an amount of fromabout 5 wt. %to about 95 wt. %
based on the wei ght of the polyner conponent; wherein the ferroelectric
ceram c po i+ GO U St A0k 4mat .barium
strontium W?’gﬁgt e, ﬂg?@ieé%dg&ﬁo&%a@?%&?&% V\hté%rg'i n tl%%%ep %f}ogont ai ni ng
pol ymer conpatesashaingenoy lomoshehgdandfsX y, tharengpokipothabduigs dhtcal | phati c or

aromati c hydrocarbpon backbone derived fro isphenal Qr,, bi sphenol F, a
bt ad ene- SEPP1 T BE TS aSRy Y O T BB AL Bl SHe BT o  wher ei n ¢ he
pol ymer havieR@ns lhrakd Mexﬁfer@ta%yﬁtﬁ@@ﬁtmﬂ@-cqrﬁ@ﬁp&oﬁﬂ%ﬂcs@s a polyim de,

a pol yam dei mde, a polyvinyl butyral, a po‘T_yet her sul phone, a reactive
pol yest €r, BPUCFADCnJiF BFRsei HECBEAN PTEESS & WHEewYRHE EsHposi te nat eri al

exhibits a &%@gﬁ%&ﬁﬁ %‘?crh%tcﬂire%sctﬁﬁfoghfiﬁ@&m%ﬁti&ﬁcg)g&gﬂggiﬁﬁ%er? i f rom about

-5 %to about responsive to a tenperature c In the range
of from aboadditiobdiyGave cadetient ni2barical flopertics slcb s geodspdel dorehghtzhér provi des a

met hod for fqorm ng a capaci.tor which conprises: 20a) providjng a conposite
mat eri al V\hlia@%‘“(%’gt}ﬁ“f’%e eﬁnﬁ?ﬁwe’a’f% éu%(?fs%ﬁ%rﬁgm%%f@ﬁmfa ferroelectric
ceram ¢ parh&ds8fs cPRIEHsRQ MBREs &OIPOARH, conprises at | east one epoxy
cont ai ning polyner, in an anount of fromabout 5 wt. %to about 95 wt. %

based ol the wei ght of the pol ynmer conponent, and at |east one pol yner
having a plurality of epoxgt%@gﬁjzve groups in an anount of 25from about 5
Ww. %to about 95 wt. %Db e wei ght of the polyner conponent,
wherein the conposite material exhibits a change in tenperature coefficient
of capacitance of from about -5 %to about. +5 % responsive to a
tenperatureT]Eﬁﬁié%‘?Lfé“rW”f"m ﬁs"l‘f‘Péin%fPFd’éat%'faP’P’Elﬁwcﬁ%ﬁ 54 Wd@%‘o about 125 C, and

b) at t achi ngyifinl:34ehofbn: LAIerAABBASE bealRl BHidAL: BRIABSARR, (i rst electrically
conductive Tayer and a second el ectricall’y conductive’l ayer.
15  component comnprises at least one epoxy containing polymer, in an amount of
from about 5 wt. % to about 95 wt. % based on the weight of the poiymer
component, and at least one polymer having a plurality of epoxy-reactive groups
in an amount of from about 5 wt. % to about 95 wt. % based on the weight of the
polymer component,
20  wherein the composite material exhibits a change in temperature coefficient of

capacitance of flom about ~5 % to about +5 %, responsive to a temperature

change within the range of from about 33 °C to about 125 °C.

The disclosure further provides a composite material which comprises a blend of a
25  polymer component and & ferroelectric ceramic powder, which polymer
component comprises at least one epoxy containing polymer, in an amount of

from about 5 wt. % to about 95 wt. % based on the weight of the polymer



"A first aspect provides a conposite material which conprises a blend of a
pol ymer conponent and ferroelectric ceramic particles, which polyner
conponent conprises at | east one epoxy containing polyner, in an anmount of
fromabout 5 wt. %to about 95 wt. % based on the wei ght of the pol yner
conponent, and at |east one polyner having a plurality of epoxy-reactive
groups in an anount of fromabout 5 wt. %to about 95wt. % based on the
wei ght of the pol yner conponent, wherein the conposite nmateri al
exhibits a change in tenperature coefficient of capacitance of from about
-5% to about +5% responsive to a tenperature change within the range of
fromabout -55 C. to about 125C. A second aspect provides an article which
conpri ses aBmBbRet kh€ @l bkt 60BUGEdrtevihay lurala @f epdxayedtiod glolyss conposite
material as defined above on the electrically conductive |ayer. A third
aspect provi gesmenn: apaemebeutiivic 1@ dhpiids o % Wepedsin tat weight fdht y conducti ve
| ayer, a s ically conductive |ayer and a | ayer of the conposite
mat eri al aggggg?gégﬁgﬁgge attached between the first electrically

conduct i ve wiayeér tharddrddmetriaennde ebedd comatibep beowd titankessttoayiem. A fourth
aspect provjdes rinted circuit board co i Sipg the capacitor as defined
above. % f i"FH = %BE?ﬁﬁ?@%@ﬂggmﬁh°%$E@?W%ng&ﬁg@’ce conprising the printed
circuit boajyl-astdebbRednaRaNEpolfimsd @éh_kpn@éacae%;enarmm@@sp@@, @] ectronic

devi ce conprising the capacitor as defined above. A seventh aspect

provi des a e@apa@mmwwgﬁw@@ appFiagie §ydrocarbon bagkbapefdpriead fgti ¢l e whi ch
conprises a_.first electricall ) cll : t he
conposite 1%%%F%ﬁig§“;é15ﬁgd¥% %@%ﬁg%ﬁﬁﬁéhﬁ¥ﬁé q%?%é??%%§$%§9%onductive

| ayer; and thereof; b) a second article which conprises a second electrically

conductive layer, and a |l ayer of the conposite material as defined above on
the sed@nd ¥rEdr ﬁlec%’llwf@éﬁa%lé?{%@ %C/@roxy-reaqu HEURS PEPTSFIE second article

being atta ; i N8 & site

mat eri al a@%%@%?@gﬁ%ﬁﬁg?ﬁbﬁ?ﬁgﬁﬁﬁ ae‘%ogﬁﬁt%ﬁ%gg%ce}%f Bfﬂge?%ges a
conposi t e matfyesienlor whmohatposprioésnd bl end of a pol yner conponent and a
ferroelectric ceram c _powder.. which | yier .co nent .conprises at | east
one epoxy COMTHT eﬁﬁmB%W§H§#?aéﬁhéﬁs%ﬁﬁ%ﬁpn3?m¥$%%$ %%%1Q€°€w. %to about
95 wt. % baggshieftebheomabaits of wlabeut pal wmelpoasinponeshperaned cidngt east one
polymer having a plurality of epoxy-reactive groups in an anmount of from
about éﬁm.“@@@gwéﬁﬁﬁpf@gﬁﬁbm@ﬁg%éé@a@ﬁﬂﬂﬁ%(ﬁeight of the pol ymer

conmponent ; wherein the ferroelectric ceram c powder conprises barium
titanate, strontiumtitanate, bariumstrontiumtitanate, or conbinations

t her eof ; . wher ei e ; i Rl | yner. i ses a pheno

novol ak ep6Q§Fmgﬁgg%%gv%%%$S%gééﬁggg%%%g%?%mglaé%%ﬁ%%ﬁﬁﬂﬁydrocarbon
backbone deginyeded r om bi sphenol A or bi sphenol F, a butadiene-acrylic
nodi fi ed epoxy, .or conbinations, thereof; | %ﬁereiqaéhe pol yner having a
plural i3y of FEpEE)E p CHEPINE THFBEPE B PPPEES 2RIPBIOYE AP a pol yani dei mi de,
a pol yvinyl %%éﬁ'a?@%%giexﬂc%@ﬁa%ﬁé PRONS,, whidh§RKY BoRRneasSt er, or

conbi nati on reo nerein the conposite material exhibits a
change in temeisat aliesomefcbdi entainhg pelpac, imarcanoht 6 fom abowt -5% t o about

+5% responsiye to a lenperature chan Lt hin the range of from about -55
C to about¥i75t d%out E}SJVTP 7 Gused on the wegg%”{\é\%tthc polymer component, and at
least one polymer having a plurality of epoxy-reactive groups in an amount of
25  from about 5 wi. % to about 95 wt. % based on the weight of the polymer

component, -



A ninth aspect provides a nethod for form ng a capacitor which conprises:
a) providing a conposite material which conprises a blend of a pol yner
conponent and ferroelectric ceram c particles, which polynmer conponent
conprises at |east one epoxy containing polymer, in an anount of from about
5wt. %to about 95 wt. % based on the wei ght of the pol yner conponent, and
at | east woBLPHk\CoRPodia \tiafgiabexbhitits aldhtinpeoh te@poryure eaetfitivg ofr oups in an
amount of from abog_t Sw. %to about 95 wt. % based on the weight of the
pol yner EHMEBHERP! TRREPETLT R E LEHPOS I"p-dSTHRREYS B2 'ERPIHFs a change in
tenper at up &, .coafiid Gk 8o Of 76ARBGI LaNCE 1Ofbdul P79 @had - 5% to about +5%
responsive to a tenperature change within the range of fromabout -55 C. to
about 12%) @tachagd: layer of the lghmpasita otateamgl betivagres firgf eledr@calipnposi t e mat eri al
between a first electricall nductive layer and a second electrically
conduct i V& ue??}‘é? Ey%atngﬁtsﬁcog Sfeég?g%go%n lé%wé?d%%?hod of fonning a printed
circuit board, which conprises incorporating a capacitor fowl ed as defi ned
above into_a printed circuit board. BRI EF DESCRI PTI ON OF THE DRAW NGS FI G

| provi desTEst BPSHreades 2spPBsEistais Hh “HCheRRPTese 2O A 96 £ BPIYRYT E¥RIPeRier t ai n
formul at ;.98 %erRfeldch LAUBOPANBes wm_sldgggne@%ﬁfmmscom%esfa@lleaswn@t i ons_shown
inthis figure exhibit a change in of fromabout -5 %to about +5 %

r esponsi wpoxycatiasinggpolymremmyrarananng ofviromi abonthewt. 2 dreaksfut PP o ‘about -55 C
to about .125 C. .Fl G ovi des a graphical, representation of the TCC

char act el FEH Tograif PRIR RobiR catrong o d SRR Rl ¢ o

nat er i al $lurkfi JrEbbHHIAEERNSoSROWniathdulit 8f frérd UbSutER, B) to Moshamge in TCC
of fromabout -2.5 to about +2.5 % responsive to changes in tenperature
wi t hi n t e besadge tbe weightrmhthewelywss compenabout 125 C. FIG 3 provides a
graphical representation of.the, T har act.eri stics of certai-n fordmul ations
of the invent i@éer%% eocs")lr’ilpeos}%%fnea}elna g)&u%ﬁsea ‘f‘%arnﬁ%}nattefng%?msr Swn 19%%%:2 figure
exhi bit zaphaage: sMrPebalt oo oot 5% Orbpdisive tabehperfufe Hangeesponsi ve to
changes in tenperature within the range of fromabout -55 C. to about 125
C. DETAWiHDr trsereed fopw aroutHe 5F GveENTaoeh! 3heCi nvent i ve conposite materi al
conprises a blend of a polyner conponent and ferroelectric ceramc
particles. The pol ymer conponent of this invention 5conprises at |east one
epoxy com atcohd gsppalpyovides aandickt whielasdmypives podlyumedalip avidugtiee lpyeuyaldi ty of
epoxy-reacti ve_groups. .The epox ontai nin ol ymer is preterably present
Ch the o GHED! D EIBRANE SO B SRIPG1 I 5t ABETEAIY SOt dOBET 55 we . %
based on the wei ght of the 10 pol yner conponent, nore preferably from about
20 wt. %to about 80 wt. A, and nost preferably fromabout 45 wt. %to
about 55 Avhirdgspestanpides peapacifar aBieh eqpyantises 8 AT iclichtyalhp conesve

nonexcl usivel y._i 4 1S, (6 ISl I eSS, epoxies
navi ng. anciih Lepid Yahr Ry ERlaRe ARl E IRA 0Pl Ra R R EREER: | e henol
A or bi sphgined abovehuhddideneraartyd fitst sledirchlbdc@@daxtiesaysrand Beosebimiat i ons

t her eof . , ]
electrically conductive layer.

A fourth aspect provides a printed circuit board comprising the capacitor as defined

above.

A fifth aspect provides an electronic device comprising the printed circuit board as

defined above.

A sixth aspect provides an electronic device comprising the capacitor as defined

above,



The pol yner having a plurality of epoxy-reactive groups is preferably
present in an anmount of from about 5 wt. %to about 95 wt. % based on the
wei ght of the polymer conponent, nore preferably fromabout 20 wt. %to
about 80 wt. A and 20 nost preferably from about 45 w.%to about 55 w.
% Exanpl es of epoxy-reactive groups nonexcl usively include am ne groups,
hydroxyl grewpth, aspedt peosides@raappstor aMithaohipr@edydr ogen groups. Exanpl es of
suitable materials for the mer hayi ngI a plurality of epoxy-reactive
[S)i~

he pol yne, )
groups nonexcla&ifFe HticlpEhiddeoppryens Hes Slegsicgibneaduttiyedaer. ¥ 4/vi nyl
butyral, 4 " I [ iinat.d.ons
t her eof . : n rﬁ?glr%gogﬁ) lrdglg&g%%géll a\r.s}e%%%i%l&t??ﬁ%@ggwﬁiiﬁgﬁgﬁtﬁéa} p Spgt?‘%et y of
epoxy- r edegdaryandgr oups conprises a reactive polyester having a plurality of
hydr oxyl groups. The pol r . .conponent of the inventive conposite materi al
2 pref erabl y PrAceet w%%%m Pm%@ﬁ%an# Elsmﬂaﬂ&@énﬂecweﬁa%& Fabout
99.5 wt. g gég%\%%é)&_ ﬂb%ité!‘ﬁfa%%l Af adriieq SRR tB@séE%@E:!e@ﬂri’cal'T@][ e preferably

fr om about I

. % to about 595 wt. % based on the weight of the conposite
mat er i al ,coadattivedayepr ef erably from about 40 % to about 90% based on the

wei ght of the go site mater.ial..The polymer conmponent. | r.ef er abl
present i n ¢ et Bt SORbRTEl e R Dar UPE: b Vit OB Rt et 11 c
ceram ¢ RANhd &drBSosHE MARrAbar iflb&lt8GWillCoacRbiRbect rical insulator, in the
i nventive conposite material. Exanples of suitable ferroelectric ceramc
particles include bariumtitanate, strontiumtitanate, barium strontium
titanate, Ltri 1 nUm. OXi . Pr._conbi .0 thereof . Th

fer ool o HEMaBEk bl fies SoliBo Bt Ol Rnick bR LI oh NS Emraf(1f
ranges f raode &yealkeci@c tergmic pbwden, vabdutol@nag mpmprmes cpmerfies abitagt dneeposgbout 0. 5

gmto about.lgm The ferroel ectri.c cer,am agticles are preferably present
Pn the 1 oP BT PRSTEE SRR Trodt o f ol MuloabPR%: o B8 SRavi ng an
average dhan@igdt op@le@bgmer&&npoﬂengranhamastldﬂe@eryhaérmaﬁﬁgatﬂﬂm&g&ﬁ t he
average particle size of strontiumtitanate ranges from about 0.85 gmto
about 0. 9POpYTEACAVESIOHRT 1 ArAssdinhehlrem appet 5 v Yalertmyedput 04 basedghze of

bariumt itﬁ@@%}éﬂt stthggf?fd}ne?u?r% %{Qn{,o about 0.60 gm The ferroelectric
re

ceram c particles ar eranly present in an anount rangi ng from about
0.5 WM. %to ablewtinWe MrocRothasedniapdhéerwehghisefartufetiompasiohsumat eri al ,
nore preferably fromabout 5 wt. %to about 80 wt. % based on the weight of
the conpd¥iiae. PRTIWNSHPIUYR Hitapats; ongambinalions thareh about 10 wt. % to about 60

w. % 25 bas%&anw%g%mmﬁﬁﬁé@%g%&%s ggﬁ&{oh ﬁbvolﬁzm,e%nof the

exact makeup of certai odi e Invention are s
For nul at iapasy BaKngfin Tiaiagc br beimavic hadroasbbn dsckibnng derivexd dropt bspheribhe

or * addi t 7 € PRBERRT b BOMIEH: 1ETA MBOHEA GP e AT SO BREBER e agent o, i xi ng
Exgg% Is - ag gels ﬁﬁglhzhe pavsenefise £ALAIYP bBepckPL¥RAYE crRRE cbiifriddske-
polyimide, a polyamideimide, a polyvinyl butyral, a polyethersulphone, a reactive
polyester, or combinations thereof, and
wherein the composite material exhibits a change in temperature coefficient of

capacitance of from about —5% to about +5%, responsive to a temperature change

within the range of from about —55° C. to about 125° C.

5a



5curing agents nonexctusively include diam nes, polybasic acids and
anhydri des. Exanpl es of suitable dispersing agents nonexcl usively include
sil anes, neoal koxy titanates, neoal koxy zirconates, and copolynmers wth
acidic groups. Exanpl es of suitable catal ysts nonexcl usively include

i mdazol es and triphenyl phosphine (TPP). One exanple of a suitable
comer ci al h@RYade %bﬁd@ﬁi Alepholl fhSfoRin@Z0tapadiavaiidhedingprivesmer ci al |y from
Shi koku Chemi cal's rporation of Kagawa, Japan. Exanples of suitable

har deners noneX eraddipgiaEompesiteaaataiialim el pynanses ahengd 3eobmrs) and

henyl enedi am ne. ampl es . of jtahle. s | usi Lncl ude
Pethyl ot yioRaT Rt RSt Gl erite AR clesh S BT Prlpopl bt acl 108,
and conbi AadsonR dpbey eSftainthogRnddrNinenhadiuie of fomtdbeut Swetht iowbodISonposi t e

materials conprise at |east one solvent in a sufficient anopunt such that
about 60 Wit % 9esed on e weighbof the polpweT swnprIceh 8¢ 24 1§aHPRSBY™FR t he form of

solids. The. é_lnasl &E%a%iﬁof%%?ﬁ%&&oﬁv%ﬁéiﬂ 5 AR Bt ffrgﬁrnr% ¥ wany tgui tabl e

conbi ni ng e art, as m xi ng, ending, or the like. In
a pref er r g@du2@ewhodbaedion thhecipbt yihde poBher cahpandt,t he ferrocl ectric
ceramic particles are bl ended together to forma substantially uniform

conposi t evhgedrtharompostismaterph gxiabifbehange B RMIRCRPHFED be footl ed
into any suit: [T hardennbdt o a
conposi teéa%%lgaglki %eargg%r t go?@Eg%%%regg?rtgg%eﬁwgg%ﬂég?mnts, %he conposite
mat eri al Wwak@rhdasgaof hivmkabesis-354igkngbdut dP9°aboend 4 25 gm t o about 100 gm

preferably from about 8 gmto_ about 50 pm .and nore preferably from about
10 gmto about?)3stackipg aIWeRBgthf’é%‘?‘ﬂ?sétedgatf’%ﬁg’ef‘?ﬁ‘?%‘ﬁt ISPl t he

conposi t e, Rt &k uhl §aind fehidlil SoRiehanmged n tenperature coeffici ent
of capacitance (ﬁa&e? o? fSr or% aebout % 0% tuo 5ab§ut +5 % responsive to a
change in tenperature within the range of from about -55.C to about 125 C
More preferably, a change in T f t.he inventive. conposite material ranges
from aboug t‘?ll‘d‘ BFRCG! RIBBITES -arﬁle@}%qﬁécﬁfg%rﬁ“&f‘%@ pPB% CF@HS@?%@UW mgﬁ%lﬁl €5 t hi n
this te”pﬁ%&?klfa%né%r&gﬁaci@f‘ﬁ)rﬁ\ég!ﬂs ASHRARbE Emadh Yrikte@ Biralpbdard.2. 5 % t 0 about
+2.5 % responsive to a change within this tenperature 10 range. In a nost
preferred enbodi nent, a change in TCC of the inventive conposite materi al
ranges from about -0.5 %to about +0.5 g&g@ge to a change in
temperature within t hSRABEAPESGRIFIIEM about 125 C. Table 2,
bel ow, shows tenperature coefficient of capacitance (TCC) properties of the
inventive materials in formul atjor - iccha.akerdseredaphically 15
repr esent €di ﬁpﬁ Saf g‘cgﬁrﬁﬁéééeg{érﬁfngggﬁﬁe#@&gt Al in'n the Exanpl es. The data
of Tabl e 2,shawsortdetpenaante aagesid maesale TEedenuletPoohoph 8iful ati ons A-K

at tenperatures within a range from- o1l C :
i figure exhibit a change TgC ofo grom about —?E’% % &bout 1255%, tesponsive to

changes in temperature within the range of from about —355 °C to about 125 °C.

FIG. 2 provides a graphical representation of the TCC characteristics of certain
formulations of the inventive composite materials. The formulations shown in this
figure exhibit a change in TCC of from about —2.5 to about +2.5 %, responsive to

changes in temperature within the range of from about —55 °C to about 125 °C.

FIG. 3 provides a graphical representation of the TCC characteristics of certain
formulations of the inventive composite materials. The formulations shown 1n this
figure exhibit a change in TCC of from about ~0.5 % to about +0.5 %, responsive

to changes in temperature within the range of from about —55 °C to about 125 °C.

5b



The conposite materials of this invention also have excellent dielectric
constant 20 (DK), and dissipation factor (DP) at 1MHz. The DK and DF
properties of the inventive materials of formulations A-K are al so shown in
Tabl e 2, Wwel:om035Be conposite materials of this inventicarusppebseabl y have a
dielectric constant (DK) at of about 2.5 to about 50, nore preferably from
about 5 to about 50, even nore preferably fromabout 10 to about 40, and
nost preferably from about 15 to about 7530. The dissipation factor (DF) is
a neasure of the power |oss of a capacitor, where DF = 2 /71 RC x 100 c¢)/0,
wherein Ris the equivalent series resistance of the capacitor, f is the
frequency, and Cis capacitance. Dissipation factor varies wth frequency
and tenperature. Thepdirasimaporiactor of BRE pfvileigventi ve material s, at
1 MHz, preferably ranges from about 0.003 to about 0.03 nore preferably
from about 0.004 to about 0.02 and nost preferably fromabout 0.005 to -
about 0.01 & 1t t | used in a
variety ofsgﬁg‘%g§¥lo%@gggJﬁﬁggg%#%ﬂk%eQFE%ﬁa ?} %%50 o?@ printed
circuit bodtds:ccelaetanon patides | Tiespodma:r tchlﬁpdmekIEOf thi oenti@ n enbodi nent s,

t he |nv%nt|on rovides an artic ri ses. an electrlcally

onductlve(?gvgﬁﬂahﬁﬁﬂan?g?%ycﬁﬁmPWepfgpﬁb g?@@a%Bﬁﬁﬁng@' f€rial on the
e|eCtrlca|EMﬂﬁﬁﬂ%@@E@M@qbﬁMeégn§M§h articles may conprise capacitors,
printed circuit boards which conprise the inventive capacitors, electronic
devi ces which conprise the inventive capacitors, electronic devices which
conprise t . _ _ i ke, e enbodi nent
of this |n3§%tﬁ&§n%h%'n£ ép%ﬁggg tﬁ;ﬁﬁﬁ%ﬁﬁn%%%ﬁwéggmgb ﬁ?%%p

15el ectri cakrioymcuﬁrfﬁbm&houe:; Way?/ero, abaufs%cmm% elseton ihe aleignt gitthduct i ve | ayer,
and a H@ the inventive cpngps' e ate éla% attachﬁ? b@lmegn the first
el ectri aIﬂV 85%8@@?TVBtFQ§@Fe§ﬁ13ﬁ w1 %889 $houh bAliticti ve | ayer.
The conposid&t pRtedipfromh Ay 45 Svtpr.ef %@bbywﬁh%egkaldp@é&f%ﬁmto a surface
of each of the electrically conductive |ayers. Another enbodi ment includes
a capaci t orePWHi CRIEERHPY BB Fongrelysively fickids PROWArCIPIsRIPER a fi rst

el ectri cal .y, Gondiicld Vol By Bl Ay | | RYRhna0f hgmscgwaﬁ BnLkyg conposi te
material on t Irst electric ductive second article
whi ch conprdeges! fwméxs;ﬁmdobzkecbnspkmadﬂllybeﬁadndm:-actrybc hayiéed bqwxneﬂ,gara | ayer of
t he inw&rt ve cog$ zéte material on the second electrically conductive

| ayer KOPREAPI RSy second article being attached to each ot her such
that their 25l ayers of the conposite material are in contact with each
other. Electrically conductive |ayers are well known in the art. Exanples
of el ect ri clrIPYIYESH BHIERS Y RIUTAH PR SPRENERET A STVER b N pieTeliterreretidln | ayers such

as metal bl ATRER0Fs S ablig, i 6 babadh of suchaploeakri cal ly

conductlve ayers nonexclusively i1nclude copper, alumn ni ckel , silver,
iron nlckemOQMkmymﬁwnwE:aonhﬂMQMbbﬁknmh@nwéwmf‘%ﬁ@ﬁ&mﬂ%ﬁwhﬁtendal conpri ses
copper ere no e electrijc ong ive is present, the
mat eri gIO fmcmy&rﬁ]gcraeleyye& Q%lﬁgg é‘ﬁ ! o a% 1y55 xampl cs 0¥cp0xy—

reactive groups nonexciusively include amine groups, hydroxyl groups, carboxyl
groups, and active hydrogen groups. Examples of suitable materials for the
polymer having a plurality of epoxy-reactive groups nonexclusively include
polyimides, polyamide imides, polyviny! butyral, polyether sulphone, reactive

25 polyesters, or combinations thereof. In a preferred embodiment, the polymer
having a plurality of epoxy-reactive groups comprises a reactive polyester having

a plurality of hydroxyl groups.



i ndependently, and rmay conprise either the sanme material or may conprise
different materials. The electrically conductive |ayer preferably has a

t hi ckness rangi ng fromabout 3 umto about 100 um nore preferably from
about 5 uwotmesl@ssabout 70 um and nost preferably froma@aamitosbesoim t o about
35 um As stated above, the conposite material |ayer preferably has a

t hi ckness ranging fromabout 4 gmto about 100 um nore preferably from
about 8 umto about 50 um and nost preferably fromabout 10 p. mto about
35 um 15For purposes of this invention, unless specified, the terns
"applying or "attaching" refer to any well known nethod of depositing,
appendi ng, or joining one |ayer to the next |ayer, non-exclusively

i ncl udi ng coating, dipping, spraying, sputtering, |amnating, vapor
depositing, electrodeposition, plating, printing, evaporating, and

conbi nat i or&etphbreotompinchier tisd imxdntian eousisite ortesiehuerdféralbly pres¢m 20cert ai n
enbodi nents, .the c osi t at erial  l,ayer i L, onto.a netal |ayer by
coat i ng. | A @7 gﬁﬁg%]rgﬂﬁﬁ%ﬁ(%?hgﬁ%’§¥ %?H?%§§§? f&%wanﬁﬁre materials is
conduct ed Wrdght aftheabinpokite Stbedtiad Indro pleiribiA freap@acht20rwl 8nbaase. Lani nation
is preferably conducted at a tenperature, pressure, and tinpe appropriate
for the materttalsbeRogeme W%%@Eﬁlﬁi%ﬂl@%@&iﬂﬁ@ﬁi@?d PRi REeie8l may be
conduct ed imyrfaigm A &5 2BurB0YEBRES M HE §eRhy STRMARRNL. haQriG t o about 310
C. nore preferably fromabout 160 C to about 200 C.° Lam nation may be
conduct ed fldhe pblvorr edopine@Os pichueles prescrabobe faaimisnlid elgoopr ef erably from
about 40 nkgg%g%u%o about 80 mnutes. Preferably, the press is under a
vacuum of at Teast 70 cm (28 inches) of mercury, and maintained at a
pressure of about from about 3.5 kgfen2 (50 psi) to about 28 kgfcnR (400
psi), prefera?ly fromabout 4.9 kgf/cn2 (70 psi) to about 14 kgfcn (200
psi). 11 addiedPEe!achiq SRTHaPHERISS SEYASiAie st SRalCiHE seuRélicPed accor di ng
to any convgniianak kymERawmaeiil ek ARIR QIS bR £85dALR. &ERadi ments, a
curing step may be conducted by subjecting the conposite material to a

t enper at ur eagicles pehudgibeiem IBnELe. {LROOWR)itieteabottm SKBHEN(HBOBEF) , for about 1
to about 130,40 eS8 I BWeRki O LURLAST Tielates dp a method for
form ng a capacitor, ¢ et hod e udes a3 providing a conposite

mat eri al ascoescpirtidck labbou @art@itdidcbyhiat fraehibngrafgdsdyer atei: 8. h@nconposi te

materi al. between_a first electrjcal onductive | ayer and a second
electri aIﬁ?ggﬁﬁaﬂﬁ%PW@3Wﬁb%¥ﬁy%ﬂ%ﬁg%ﬁ§5§FP§)ﬂﬁFéFwaiTp%yer is preferably

directly attagheeidrdnid Yikiaee aQfpr&aahly Qfestign &l-a6kk btAhdwiecoRduct i ve
| ayers. 15 Such capacitor formation may be carried out in a variety of

ways. | n seépsidel s épfisdiaprariiigartztesdering e ayssagecharedetyy abppll §ivigera | ayer of
the inventiy onposi ial . . ctrd cal . ) ctive layer. In
certain ent%[ésgi ?rnegr%gl% e’%}ﬁjggg{le?’%’é |eﬁg&é§eep%ptfcg% gg%%ﬂvsgr%g%%%%l%gge{g: i) fonning a
first arti cheestoprabsiutrighst e id abiost .29 eedt cércat bybebmnaucthere | ayer, and a
| ayer .on the first electrically ductive | ayer;

f the conposite naferial c

1) f orth ng g iEOuBRGE St ?iﬁa@%ﬁfm@ﬁ AP He st Brigow et drcant y conduct i ve
layer, and @rdaytaic @fankib 8aCioRPRSipt QB rdsadt i08n hSus e6ond minectrical ly
conductive layer; and iii) joining the first article and second article
t oget her suepttavt. thie &Q@@w&d@m & Traeceen the Wekpee! thf carhrostte metetigk ticle is in
cont act more preferably from about 5 wt. % to about 80 wt. % based on the weight of the

composite material, and most preferably from about 10 wt. % to about 60 wt. %

25 based on the weight of the composite material. Examples of the exact makeup of
certain embodiments of this invention are shown in Formulations A-K of Table 1

below, as well as in the Exampies.



.

25w th the conposite material |ayer of the second article. Optionally but
preferably, step iii) conprises lamnating the first article and the second
article together and/or curing the conposite naterial |ayers. Suitable

el ectri caWoypomansiiet i ve | ayer materials, and detail s maagandisngzban nati on
and curing, are provided above. The resulting capacitor structure has a

nmet al - conposi te-conposite-netal arrangenent. 5in another enbodi nent, the
attaching step (b) conprises: 0 applying a | ayer of the conposite materi al
onto a first electrically conductive layer; and ii) applying a second

el ectrically conductive layer onto a surface of the | ayer of conposite
material which is on the first electrically conductive layer; and iii)
optionally lamnating the first electrically conductive |ayer and the |ayer
of conposite 10material and the second electrically conductive | ayer

t oget her, a%/imrentimdmgmtiﬂtﬁemmalyéfs mef On@mp&:eimbidﬁad@ﬁmatﬂ cormhezemesul ting

capacitor str ure 0 L{ernplal Sarrange In stil
anot her enmjo ?ﬁ% ?’ s Qﬁgb &}nﬁé cmgl nHP%pgeF f)b)ng b%mm%& en }Xl%‘ﬁcnl ng a | ayer
150f the conpasitboss, maﬁ@ﬁmﬁhnﬂﬂhms&y&ngahdekeﬁkrﬁgahwys@mmduﬂé|ve | ayer;

then i) curing the I ite materi al nd then . iii) formng a
second el ectfirg g@% nea tWIréntrlg&eiwawe% PEEXPF%CC%C]%W“F REESAFosi t e
nmaterial, VAaGRISYF {268 IdRpORRRSLEEs e dildivdy MBLal sl AYEheoatiRySPUt tering.
The resultlng capaci tor structuré also has a netal - conposite-netal

ar r angementtitizgadipelkovaiicgnates etk copolymats vwith widiagwapadirewlebit his
I nvent on, tgbcféj tlsdtta.lfs%»t ﬁ%lep?c%uswc){y H,cﬁl%e mld%{o?&td%&i trﬁp@lc;[]y E(gt! %1(%1:[6“ cally

conductlve ayer acr'tors forned
with the i r(VFEPII i e qmﬂnyiramf & GEig c@nﬁmm@lm Hvailamt extiladt ue@imcimll 25sever al

desirabl e pr tles in {htlig ggﬁi d¥§irable ;%%ﬁ ﬁnd DF properties
descri B&d e%%W“%%éﬁ$r gﬁ B OTROGRM BEYS it i ve
Exdmples of suitable hardeners nonexclusively include diaminodiphenyl sulphone
(DDS) and phenylenediamine. Examples of suitable solvents nonexclusively
inciude methyl ethyl ketone (MEK), dimethy! formamide (DMF), cyclohexanone
(CyH), and combinations thereof. In certamn embodiments, the inventive
15 composite materials comprise at ieast one solvent in a sufficient amount such that

about 60 wt. % of the overall composite material is present in the form of solids.

The inventive composite materials may be formed by any suitable combining
means known in the art, such as mixing, blending, or the like. In a preferred

20 embodiment, the polymer material and the ferroelectric ceramic particles are
blended together to form a substantially uniform composite material mixture. The
composite material mixture may be formed into any suitable desired shape, and
may be allowed to harden into a composite material layer or the like, In certain
embodiments, the composite material layer has a thickness ranging from about 4

25  umto about 100 um, preferably from about § um to about 50 um, and more
preferably from about 10 um to about 35 wm.



pol ymer -ceram c conposite material on an electrically-conductive |ayer such
as a copper foil preferably exhibit a good 90-degree peel strength of 0.5
KN m or greater, and preferably 1 kNNmor greater. Furthernore, capacitors
of this iwoentwwessiexhibit very high thermal stability rtrsabderszo
tenperatures of about 288 C. In one enbodi nent, a capacitor |am nate of
this invention is forned to 5include the inventive polyner-ceramc
conposite material on copper foil, wherein the conposite material contains
20 wt. % pol ymer conponent and 80 w. % ferroelectric ceramc particles.
The capacitor |lamnate of this enbodi nent passes 10 tines of a sol der float
test at 288 C. 10This invention further provides a nethod of formng a
printed circuit board, which conprises incorporating a capacitor as forned
above, into a printed circuit board. Further enbodinments of this invention
nonexcl usi vely include the formation of printed circuit boards conprising
the inventiy | S yentive

pri nt odci ronrt FRan e B ARl G URthans dBRl el dRRYET Ve
capacitors chaurgd: ih eenpletdtee ca'dfﬁmémlotfowmgmmo(iP(r(t)rnftftongat@maFﬁ)‘l/oes serve to
|IIustr%te %he invention. %%Il.be ag reciated_ that Vﬁgiat'ons in
proport|0n§'8WJ‘ (ﬂéﬁﬁﬁﬁv%5§1? ngH 1B ARRRCtgE WD 16 HISREAITEMEP Ot the | nvent i on
wi Il be appasentio ik s Skibld @ekelabiyt henaAkt a0 aF 8 2Qehthd n the scope of

the present invention. EXAMPLE | Table |, below, shows fornulations A-IC
of the pre§@ﬁm0WHV@ﬁ@W6ﬁmgﬁdhﬁﬁﬂ@ﬁﬂoﬁ%ND§@@WE§“%§@ﬁ0@ﬁﬁﬂ@@I material, and
is made up, t en ;

Fornulatlongﬂéﬁﬁﬁ hg%%‘?ﬁﬂ e |n Eﬁ%%?ﬁ%&g§ %g¥aq§h&9nd contain

vari ous combbmat?iorso efout héSﬁ@kqspmrsw@coamomlgé watha thertengeraotkri ¢ ceramc WO
2009/ 03%81%% / LIJnS g (r)n%gt/ pggfgrredl embodiment, & change in TCC of the inventive

composite material ranges from about -0.5 % to about -+0.5 %, responsive to a

change in temperature within the range of from about -55 °C to about 1235 °C.

Table 2, below, shows ternperature coefficient of capacitance (TCC) properties of

the inventive materials in formulations A-K, which are also graphically

15 represented in FIGS. 1-3, and described in detail in the Examples. The data of
Table 2 shows the percent capacitance change (A TCC) of formulations A-K at

temperatures within a range of from -55 °C to 125 °C.

The composite materials of this invention also have excellent dielectric constant
20 (DK), and dissipation factor (DF) at IMHz, The DK and DF properties of the
inventive materials of formulations A-K are also shown in Table 2, below. The
compostic materials of this invention preferably have a dielectric constant (DK) at
of about 2.5 to about 50, more preferably from about 5 to about 50, even more
preferably from about 10 to about 40, and most preferably from about 15 to about
25 30. The dissipation factor (DF) is a measure of the power loss of a capacitor,
where DF = 2 [T/RC x 100 %, wherein R is the equivalent series resistance of

the capacitor, /is the frequency, and C is capacitance. Dissipation factor varies



particles. In Table 1, strontiumti-tanate is abbreviated with the term
"ST", and bariumtitanate is abbreviated with the term"BT", followed by
their average particle dianeter, and their weight in grans. 5 TABLE 1: Com
0s e Mat ewicabodrosstsll ati ons Materials Formul ati ons  epcr/usAfeseazb) B C. D E
F

with frequency and temperature. The dissipation factor (DF) of the inventive

 materials, at 1 MHz, preferably ranges from about 0.003 to about 0.03 more
preferably from about 0.004 to about 0.02 and most preferably from about 0.0053
to about 0.015.

The composite materials of this invention may be used in a variety of
applications, such as in the formation of capacitors, printed circuit boards,
electronic devices and the like. In certain embodiments, the mvention provides an
article which comprises an electrically conductive layer, and a layer of the

10 inventive composite material on the electrically conductive layer, Such articles
may comprise capacitors, printed circuit boards which comprise the inventive
capacitors, electronic devices which comprise the inventive capacitors, electronic
devices which comprise the inventive printed circuit boards, and the like. One
embodiment of this invention includes a capacitor which comprises a first

15 clectrically conductive layer, a second electrically conductive layer, and a layer of
the inventive composite material attached between the first electrically conductive
layer and the second electricaliy conductive layer. The composite material layer
18 preferably directly attached to a surface of each of the ciectrically conductive
layers. Another embodiment includes a capacitor which comprises a first article

20 which comprises z first electrically conductive layer having a layer of the
inventive composite material on the first electrically conductive layer, and a
second article which comprises a second electrically conductive layer having a
layer of the inventive composite material on the second electrically conductive
layer, with the first and second article being attached to cach other such that their

25 layers of the composite material are in contact with each other.

10
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GH1J IC Polyner conponent wt, g 100.0 20.0 22.0 45.0 30.0 22.0 22.0 22.0
22.0 20.0 20.0 ST 1 (0.85um w. '

WG 2009/G35815 PCT/USZO08/073291

Electrically conductive layers are well known in the art. Examples of clectrically
conductive layers nonexclusively include metal layers such as metal foils.
Examples of suitable materials for such electrically conductive layers
nonexclusively include copper, aluminum, nickel, silver, iron nicke! alioy, or
5 combinations thereof. A preferred material comprises copper. Where more than

one clectrically conductive layer 1s present, the material of each layer is chosen
independently, and may comprise either the same material or may comprise
different materials. The electrically conductive layer preferably has a thickness
ranging from about 3 um to about 100 um, more preferably from about 5 um to

10 about 70 um, and most preferably from about 10 um to about 35 um. As stated
above, the composite materia!l layer preferably has a thickness ranging from about
4 um to about 100 pm, more preferably from about 8 um to about 50 um, and

most preferably from about 10 um to about 35 um.

15 For purposes of this invention, unless specified, the terms “applying” or
“attaching” refer to any well known method of depositing, appending, or joining
one layer to the next layer, non-exclusively including coating, dipping, spraying,
sputtering, laminating, vapor depositing, electrodeposition, plating, printing,
cvaporating, and combinations thereof, either simultancously or sequentially. In

20 certain embodiments, the composite material layer is applied onto a metal layer
by coating. In certain embodiments, the attaching of two or more materials is
conducted via lamination, such as to form a capacitor laminate. Lamination is
preferably conducted at a temperature, pressure, and time appropriate for the
materials chosen. In certain embodiments, lamination may be conducted in a

25 press at a temperature of from about 150 °C to about 310 °C, more preferably
from about 160 °C to about 200 °C. Lamination may be conducted for from

about 30 minutes to about 120 minutes, preferably from about 40 minutes to

i1



g 80.0 ST 2 (0.87um) wt,

WO 2009/035815 PCT/US2008/073291

about 80 minutes. Preferably, the press is under a vacuum of at least 70 cm (28
inches) of mercury, and maintained at a pressure of about from about 3.5 kgf/em®
(50 psi) to about 28 kgflem? (400 psi), preferably from about 4.9 kgflem® (70 psi)
to about 14 kgflem” (200 psi), In addition to lamination, a curing step may be

5 conducted according to any conventionally known curing methods. In certain
embodiments, a curing step may be conducted by subjecting the composite
material to a temperature of from about 93 °C (200 °F} to about 316 °C (600 °F),

for about 1 to about 120 minutes.

10 This invention further relates to & method for forming a capacitor, which method
includes (a) providing a composite material as described above, and (b) attaching
a layer of the composite material between a first electrically conductive layer and
a second electrically conductive layer. The composite material layer is preferably
directly attached to a surface of cach of the electrically conductive layers.

15
Such capacitor formation may be carried out in a variety of ways. In several
embodiments, an article is formed by applying a layer of the inventive composite
material onto an clectrically conductive layer. In certain embodiments, the
attaching step (b) above comprises: 1) forming a first article comprising the first

20 clectrically conductive layer, and a layer of the composite material on the firgt
electrically conductive layer; i1) forming a second article comprising the second
electrically conductive layer, and a layer of the composite material on the second
electrically conductive layer; and iii) joining the first article and second article
together such that the composite material layer of the first articie ts in contact

25 with the composite material layer of the second article. Optionally but preferabiy,
step 1) comprises laminating the first article and the second article together

and/or curing the composite material layers. Suitable electrically conductive

12
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layer materials, and detatls regarding lamination and curing, are provided above.
The resulting capacitor structure has a metal-composite-composite-metal

arrangement.

In another embodiment, the attaching step (b) comprises: 1) applying a layer of the

composite material onto a first electrically conductive layer; and 11) applying a
second electrically conductive layer onto a surface of the layer of composite
material which is on the first electrically conductive layer; and 1ii) optionally
laminating the first electrically conductive layer and the layer of composite

material and the second electrically conductive layer together, and/or curing the

- layer of composite material. The resulting capacitor structure has a metal-

composite-metal arrangement.

In still another embodiment, the attaching step (b) comprises: 1) applying a layer
of the composite material onto a first electrically conductive layer; then

i) curing the layer of composite material; and then

1) forming a sccond electrically conductive layer on a surface of the composiic
material, which surface 1s opposite the first metal layer, via sputtering. The
resulting capacitor structure also has a metal-composite-metal arrangement.
Additionally, after formation of a capacitor of this invention, circuit patterns may
also be created in the electrically conductive layer using known etching

techniques.

Capacitors formed with the inventive polymer-ceramic composite material exhibit

several desirable properties in addition to the desirable TCC, DK and DF
propertics described above, For example, capacitors formed with the inventive

polymer-ceramic composite material on an electrically conductive layer such as a

13
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78.0 22.0 28.0 54.6 35.9 31.2 23.4 32.0 36.8 Dispersing agt.wt, g O0.12
0.11 10.11 0.06 0.11 0.08 0.00
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copper foil preferably exhibit a good 90-degree peel strength of 0.5 kN/m or
greater, and preferably 1 kN/m or greater. Furthermore, capacitors of this
mvention exhibit very high thermeal stability at solder temperatures of about 288
°C. In one embodiment, a capacitor laminate of this invention is formed to

5 include the inventive polymer-ceramic composite material on copper foil, wherein
the composite material contains 20 wt. % polymer component and 80 wt. %
ferrociectric ceramic particies. The capacitor laminate of this embodiment passes

D times of a solder fioat test at 288 °C.

10 This mvention further provides a method of forming a printed circuit board,
which comprises incorporating a capacitor as formed above, into a printed circuit
board. Further embodiments of this invention nonexclusively include the
formation of printed circuit boards comprising the inventive capacitors, electronic
devices comprising the inventive printed circuit boards, clectronic devices

15 comprising the inventive capacitors, and the like.

The following non-limiting examples serve to iliustrate the invention. It will be
appreciated that variations in proportions and alternatives in elements of the
components of the invention will be apparent to those skilled in the art and are

20 within the scope of the present invention.
EXAMPLE 1
Table 1, below, shows formulations A-K of the present invention. Formulation A
serves as a control material, and is made up entirely of the polymer component of

25 theinvention. Formulations B-K relate to the inventive composite materials, and

contain various combinations of the polymer component and ferroelectric ceramic

14



0.14 0.12 0.11 Table 2 shows charactert+stics of the inventive fornul ations
A-F. Specifically, Table 2 shows the DK and DF properties of formnulations
A-F, as well as the 10 percent capacitance change (A TCC) of each

fornul at i wo zatv/sPer atures within a range of from - 5% @usecck@®B26. The data
of Table 2 relating to TCC is represented graphically in FIGS. 1 -3. 15 WO
2009/ 035815PCT/ US2008/ 073291 TABLE 2: Conposite Material Characteristics
Properties Fornul ations

particles. In Table 1, strontium titanate is abbreviated with the term “ST”, and
bartum titanate s abbreviated with the term “BT™, foliowed by their average

particle diameter, and their weight in grams.

5 TABLE l: Composite Material Formulations

Materials Formulations

Alentrly B C D E F G H I i K

Polymer component 100.0 | 2000 ) 22.0 1 430 1 30,0 122,01 22.0 | 22.0 | 22.0 | 20.0 1 20.0
Wi g

ST 1{0.85pnm) wr, - | 80.0 -- - -- - - - - - --
g

ST 2 (0.87um) wt, -- -- - -- - - - - - [ 48.0 1432
g

ST 3 (0.95um) wt, - -- -1 33.0) 42,0 234421 | 468|546 e -

BT (0.5%um) wt, g - -~ 78071220 28.0 ) 54.6 1359 |31.2|234132.0]36.8

Dispersing agt.wt, g -~ 0121 0117 6,11 ] 0.0610.11]0.081000| 01416121011

Table 2 shows characteristics of the inventive formulations A-F. Specifically,
Table 2 shows the DK and DF properties of formulations A-F, as well as the

100 percent capacitance change (A TCC) of cach formulation at temperatures within a
range of from -55 °C to 125 °C. The data of Table 2 relating to TCC is
represented graphically m FIGS.1 -3.

15
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A (entr) BCD EF GHI J KDK 28 21 8 12 18

WO 2009/035815 PCT/US2008/073291

TABLE 2: Composite Material Characteristics

Properties Formulations
A B C D | E F G H 1 ] K
{ontr)
DK - 28 21 3 12 I8 21 22 21 25 27
DF -- | 0.003 [ 0.009 | 0.004 | 0.067 | 0.008 | 0.005 | G.008 | 0.008 | 0.004 | 0.005
{IMHz)
TCC - 26| 45| 07] 03] -24 0.1y 07| -04 031 <02
Change,
%0 {-55°C)
TCC ~ 1 -34 4.8 021 -06 211 07 0.3 0.2 -04 (.1
Change,
% (12520

Formulation A
The mventive composite materials include a blend of a polymer component and

5 ferroelectric ceramic particles. The potymer component of these Examples was
formed by blending Composition 1 with Composition 2, below, in a weight ratio of
75:25.

Composition 1

10 9.0¢ Epoxidized copolymer of phenol and aromatic hydrocarbon
28 ¢ Elastomer-toughened epoxidized phenol novolak
7.2 ¢ Bisphenol F epoxy
74.8 g Polyester having functional group polymerizable with epoxy:
£5% in Toluene
I3 6.8 g Polyvinylbutyral
0.5g 2-phenyl-4-methyl-5-hydroxymethyl imidazole
123.9g Soivent mixture of 80% methyiethylketone and 20%
dimethylformamide '

20 Composition 2:

20 g Epoxidized copoiymer of phenol and aromatic hydrocarbon
15g Epoxy polymer - Oxirane, 2, 2'-[{I-[4-[1-methyi-1-[4-
[(oxyranylmethoxy) phenyl] ethyl] phenyl] ethyledene] bis(4 ,1 -
25 phenylencoxymethyienc)lbis

16



2% 22 21 25 27 DF ( | M) 0.003 0.009 0.004 0.007 0.008 0.005 0.008 0.008
0.004 0.005 TCC

WO 2089/035815 PCT/US2008/073291

15 g Bisphenol A epoxy
48 ¢ Polyethersulfone
0.30 g 2-phenyl-4-methyl-5-hydroxymethy] imidazole
1.5 ¢ Diaminodiphenyi Sulphone
5 0.20 g Triphenyl phosphine
150 g Solvent mixture of 23% methyiethylketone, 62% cyclohexanone,
and 15 %dimethylformamide
Formulation A of Table 1 contains 100 g of the resulting polymer component.

10
EXAMPLE 2

Formulation B

15 The inventive composite material according to Formulation B was formed by
blending 20 g of the polymer component blend of Example 1, with 80 g of
strontium titanate (85 um particles) and 0.12 ¢ of a dispersing agent, as shown in

Table 1.

20 Formulation B exhibited a DK of 28 and DF of 6.003 at 1 MHgz, and changes in
temperature coefficient of capacitance of 2.6 % at ~55 °C, and -3.4 % at 125 °C

as shown in Table 2.

EXAMPLE 3
25
Eormulation C
The inventive composite material according to Formulation C was formed by
biending 22 g of the polymer component blend of Example 1, with 78 g of barium
titanate, and 0.11 g of a dispersing agent, as shown in Table 1.
30
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Change,
Change,

10

15

20

2.6 -4.5 -0.7 -0.3-2.40.1-0.7-0.40.3-0.2TCC

% (- 55C)
% (125C) -3.4 4.8
WO 2009/035815 PCT/US2008/073291

Formulation C exhibited a DK of 21 and DF of 0.009 at 1 MHz, and changes in
temperature coefficient of capacitance of 4.5 % at —55 °C, and 4.8 % at 125 °C as
shown in Tabic 2.

EXAMPLE 4

Formulation D

The inventive composite material according to Formulation D was formed by
blending 45 g of the polymer component blend of Example 1, with 33 g of
strontium titanate (95 pm particles), 22 g of barium titanate, and 0.11 g of'a

dispersing agent, as shown in Table 1.

Formulation D exhibited a DK of § and DF of 0.004 at | MHz, and changes in
temperature coefficient of capacitance of 0.7 % at 35 °C, and 0.2 % at 125 °C
as shown in Table 2.

EXAMPLE 5

Formulation E

The inventive composite material according to Formulation E was formed by
blending 30 g of the polymer component blend of Example 1, with 42 g of
strontium titanate (95 pm particles), 28 g of barium titanate, and 0.06 gof a

dispersing agent, as shown in Table 1.

Formulation E exhibited a DK of 12 and DF of 0.007 at 1 MHz, and changes in
temperature coefficient of capacitance of -0.3 % at --55 °C, and -0.6 % at 125 °C

as shown in Table 2.



0.2 -0.6 2.1-0.70.30.210.4 0.1 Formulation A The inventive conposite
materials include a blend of a polynmer conponent and 5ferroelectric ceramc
particles. The pol ynmer conponent of these Exanples was formed by bl ending
Conposi t i wo 2000mBisms Conposition 2, below, in a weight ratriezekoEbs25
Conmposition 1.: 109.0 g Epoxidi zed copol yner of phenol and aromatic

hydr ocarbon 28 g El ast oner -t oughened epoxi di zed phenol novolak 7.2 g

Bi sphenot F epoxy 74.8 g Pol yester having functional group polynctri.zable
W th epoxy; 65%in Toluene 156.8 g Pol yvi nyl but yr al

EXAMPLE 6

Formulation F

The inventive composite material according to Formulation F was formed by
5 blending 22 g of the polymer component blend of Example 1, with 234 g of

strontium titanate {35 um particles), 54.6 g of barium titanate, and 0.11 gofa

dispersing agent, as shown in Table 1.

Formulation F exhibited a DK of 18 and DF of 0.008 at 1 MHz, and changes in
10 temperature coefficient of capacitance of -2.4 % at —55°C, and 2.1 % at 125 °C
as shown in Table 2.

EXAMPLE 7

Formulation G

15 The inventive composite material according to Formulation G was formed by
blending 22 g of the polymer component blend of Example 1, with 42.1 g of
strontium titanate (95 pm particles), 35.9 ¢ of barium titanate, and 0.08 gofa

dispersing agent, as shown 1n Table 1.

20 Formulation G exhibited a DK of 21 and DF of 0.005 at 1 MHz, and changes in
temperature coefficient of capacitance of 0.1 % at -55 °C, and -0.7 % at 125 °C
as shown in Table 2.

EXAMPLE 8

25  Formulation H
The inventive composite material according to Formulation H was formed by

blending 22 g of the polymer component blend of Example 1, with 46.8 g of
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0.5 g 2-phenyl -4-net hyl - 5- hydroxynmet hyl i m dazol e 123.9g Sol vent m xture of
80% net hyl et hyl ket one and 20% di net hyl f or mam de 20Conposition 2: 20 g
Epoxi di zed copol ynmer of phenol and aromatic hydrocarbon 15 g Epoxy pol yner
- Oxi ranewo2009i3ssif [ 1- [ 4- [ 1- met hy1- 144- [ (oxyr anyl met haxyjs2@isermeb] et hyl ]
phenyl] ethyl edene] bis(4 ,1 - 25phenyl eneoxynet hyl enc)]bis 15 g Bi sphenaol
A epoxy 48 g Pol yethcrsul fone 0.30 g 2-pheny! -4-net hyi - 5- hydr oxynet hyl

uni dazole 1.5 g Di am nodi phenyl Sul phone 50.20 g Tri phenyl phosphine 150 g
Sol vent m xture of 23% net hyl et hyl ket one, 62% cycl ohexanone, and 15

%li met hyl f onnam de Fornul ation A of Table 1 contains 100 g of the resulting
pol ymer conponent. 10 EXAMPLE 2 Formul ation B 15The inventive conposite

material ac&@h&lioNBiahfte FOY I hatic QD) E}ad"@s’?{;gfﬁﬁﬁnpﬁ{taﬁ’it@ﬁgkmlﬁg g of the
pol ynmer conponent bl end of Exanple 1, with 80 g of strontiumtitanate (85

tan particl@leland 0.12 g of a dispersing agent, as shown in Table 1.

Formulation H exhibited a DK of 22 and DF of 0.008 at 1 MHz, and changes in
5 temperature coefficient of capacitance of —0.4 % at —35 °C, and 0.2 % at 125 °C
as shown in Table 2.

EXAMPLE 9

Formulatien ]

10 The inventive composite material according to Formulation I was formed by
blending 22 g of the polymer component blend of Example 1, with 54.6 g of
stronttum titanate (95 um particles), 23.4 g of barium titanate, and 0.14 g of a

dispersing agent, as shown in Table 1.

15 Formulation I exhibited a DK of 21 and DF of 0.008 at 1 MHz, and changes in
temperature coefficient of capacitance of —0.4 % at -55 °C, and 0.2 % at 125 °C
as shown in Table 2.

EXAMPLE 10

20 Formulation J
The inventive composite material according to Formuiation J was formed by
biending 20 g of the polymer component blend of Example 1, with 48 g of
strontium titanate (87 um particles), 32 g of barium titanate, and 0.12 g of a

dispersing agent, as shown in Table 1.

Formulation J exhibited a DK of 2246 and DF of (.604 at 1 MHz, and changes in
temperature coefficient of capacitance of 0.3 % at -35 °C, and -0.4 % at 125 °C

as shown in Table 2.
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20 Formul ation B exhibited a DK of 28 and DF of 0.003 at 1 MHz, and changes
in tenperature coefficient of capacitance of 2.6 %at -55 C, and -3.4 % at
125 C as shown in Table 2. EXAMPLE 3 Fornul ation C The inventive conposite
mat eri al wocoedisegst o Formul ati on C was foil ed by bl erditngs2@2/0g320f t he

pol ynmer conponent blend of Exanple 1. with 78 g of bariumtitanate, and
0.11 g of a dispersing agent, as shown in Table |I. Formulation C exhibited
a DK of 21 and DF of 0.009 at 1 MHz, and changes in tenperature coefficient
of capacitance of 4.5%at -55 C, and 4.8 % at 125 C as shown in Table 2.
EXAMPLE 4 5 Formul ation D The inventive conposite material according to
Formul ati on D was forned by bl ending 45 g of the polynmer conponent bl end of
Exanple 1, with 33 g of strontiumgtiypigaie (95 umparticles). 22 g of
bariumtitillate, and 0.11 g of a I0dispersing agent, as shown in Table 1.
Formul ati on D exhibited a DK of 8 and DF of 0.004 at 1 MHz, and changes in
terrperaturdfgmgiéﬁmjient of capacitance of--0.7 % at -55 C, and 0.20% at 125
C as shovvn ive conposite

rater s a0 i RS, S R T et B R ab Kot BTt 0. ot (e
pol ymer scorm@mafgtzotg emik sflyxapipendb: blohd B BinthlOf, with 432 g of

strontium titanate (0.87 um particles), 36.8 g of barium titanate, and 0.11 gofa

dispersing agent, as shown in Table 1.

Formulation K exhibited a DK of 27 and DF of 0.005 at 1 MHz, and changes in
16 temperature coefficient of capacitance of ~0.2 % at ~55 °C, and 0.1 % at 125 °C

ag shown i Table 2.

While the present invention has been particularly shown and described with
reference to preferred embodiments, it will be readily appreciated by those of
15 ordinary skill i the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that
the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and ali equivalents thereto.
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20strontiumtitanate (95 umparticles), 28 g of bariumtitanate, and 0.06 g
of a dispersing agent, as shown in Table 1. Fornmul ati on E exhibited a DK
of 12 and DF of 0.007 at 1 MHz, and changes in tenperature coefficient of
capacitance of-0.3 %at --55 C, and -0.6 %at 125 'V 25as shown in Table 2.
EXAMPLE 6 Fornul ation F The inventive conposite material according to
Foirnul ation F was | oaned by 5 blending 22 g of the pol yner conponent bl end
of Exanple 1, with 23.4 g of strontiumtitanate (95 gmparticles). 54.6 g
of bari ugyia tanahed i@nd 0. 11 g of a dispersing agent, as shown in Table 1.
Formul ati on F exhibited a DK of 18 and DF of 0.008 at 1 MHz, and changes in
10t enperature coefficient of capacitance of -2.4%at -55 C, and 2.1 % at

125 C as, S,ggpﬁpogi TARL S ihi é%eZa%?JnH‘%)lfﬁg &gne(?coﬁ%ég&b'aﬂ%emi ve

conpositeé accordi ng ormulation for | ending 22 g

of the p&imamrctrﬁm&mme@hrti&l@ndhmh phlang lcembonanit thmpdsek agleait ogtrontium
titanate (95 umpartlcles)_359 of barlumtltlilat /08gof a
di sper si BRPEGERIANAZ PARBRH ﬁn?‘élBP’étof froppalpesit mivia ‘1‘8 Whited a DK of

21 and DE,qQf ? t@@@e@}ﬁ Jf tl}/%‘é@l&ﬂx@f%&ﬂﬁ&%ﬁ? ahd att 1@&@%5@ &Szﬁ"xei; Hﬁhﬁg gient of

capaci tance o and - 4) as shown 1 n Table 2.
EXAMPLE 81u2£prﬁegbcadyl-zeantﬁh grofipe i avenbintef ﬁ@npdmuté\nrta%émahd)ut&émml ng to

Foi rnul at j er | endi ng 22 of the polymer conponent blend
of Exarrpfﬁ)'ég equ W%lggag tg%/ pcaymer cof ponent? poly mp

wherein the composite material exhibits a change in temperature coefficient of
capacitance of from about —5% to about +5%, responsive to a temperature change

within the range of from about —55° C. to about 125° C.

2. The composite material of claim 1 wherein the epoxy containing polymer
comprises a phenol novolak epoxy, an epoxy having an aliphatic or aromatic
hydrocarbon backbone derived from bisphenol A or bisphenol F, a butadiene-acrylic

modified epoxy, or combinations thereof.

3. The composite material of claim 1 wherein the polymer having a plurality of
epoxy-reactive groups comprises a polyimide, a polyamideimide, a polyvinyl butyral,

a polyethersulphone, a reactive polyester, or combinations thereof,

4. The composite material of claim 1 wherein the polymer having a plurality of

epoxy-reactive groups comprises a polyester having a plurality of hydroxyl groups.
5. The composite material of claim 1 wherein the ferroelectric ceramic particles

comprise barium titanate, strontium titanate, barium strontium titanate, or

combinations thereof,
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ntiumtite (95 p.mparticles), and 31.2 g of bariumtitanate, as shown
ﬁ]r‘cl)'ai)l e 1. F(()rrruloati gn H exhi bited a DK of 22 and DF of 0.0008 at 1 MHz,
and changes in Stenperature coefficient of capacitance of-0.4 %at -55 C,
and 0.2 %at 125 C as shown in Table 2. EXAMPLE 9 Fornul ation 10The
i nventive conposite material according to Foitnulation I mas_forned by f
bl ending 22 g of the polymer conponent blend of Exanple I, with 54.6 g o
strontiumtitanate (95 pmparticles), 23.4 g of bariumtitanate, and 0.14 g

. . DK
f d r S in.dabl e | . 15Formul ation | exhibited a

gf gl ;ﬁgﬁgﬁkg%ngﬁﬁgénggﬁ%c%#éﬂn1, h%ﬁ%ﬁ@%gmpﬁeF@Wﬁ@FQP&P%“@B%ﬁFLflegt of
capaci t argeseof in(thd fotnad! & fmbwder. and 0.2 % at 125 C as shown in Table

[ [ [ [ [ ding to
EXAMPLE 10 20Formul ation J The inventive conposite material accor
Formul ation J was formed by blending 20 g of the polyner conponent blend of

Exanmpl e I, 'I%Ebmﬁgs& Iﬁﬁteﬁéi ‘P@%airﬂqhkr hiEROALE: (£ 8%1'51%? Pngtrtl %@&Hé 32 g of

Table 1. 25

bariumtitanate, I'sSpersing in

For mul at iceaffi lcef;nhpfwa:p@dtaaacw ﬁebm%éﬁt emﬁ’/o&)EachﬁthgQgA rtag OéSSIW%OC 2 ﬁgd 8 hinog/eait
fficient capaci.tance o ) oat - 0)

|125t grrgg 3 ergt 3%7 ot m Er@xp abet A 4t oAbt TRE° Cnvent i ve

conposite materl aI accordl ng to Founul ation K was forned by

8. The composite material of claim 1 which exhibits a change in temperature
coefficient of capacitance of from about —0.5% to about +0.5%, responsive to a

temperature change within the range of from about ~55° C. to about 125° C.

9. The composite material of claim 1 which has a dielectric constant of from about 15
to about 30.

10. An article which comprisés an electrically conductive layer, and a layer of the

composite material of claim 1 on the electrically conductive layer.

11. A capacitor which comprises a first electrically conductive layer, a second
electrically conductive layer and a layer of the composite material of claim 1 attached

between the first electrically conductive layer and the second electrically conductive

layer,

12. The capacitor of claim 11 wherein the first electrically conductive layer and the
second electrically conductive layer independently comprise copper, aluminum,

nickel, silver, iron nickel alloy, or combinations thereof.,
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5 blending 20 g of the polyner conmponent blend of Exanple I, with 43.2 g of
strontiumtitanate (0.87 umparticles), 36.8 g of bariumtitanate, and 0.11
g of a dispersing agent, as shown in Table 1. Formul ati on K exhibited a
DK of 27 and DF of 0.005 at 1 MHz, and changes in 10tenperature coefficient
of capacitance of -0.2 %at -55 C, and 0.1 %at 125 C as shown in Table 2.
Wil e the present invention has been particularly shown and described with
reference to preferred enbodinents, it will be readily appreciated by those
of 15or dijpa bkibop r ' : e i figations may
be made g h e R e e A N A R M B8 on 1T
i nt ended s¢doatl etdeicellpicomlvbeve layerqungtrisd compecover t he di scl osed enbodi nent,
those alternatives which have been di scussed above and all equival ents
thereto. Wiat is clainmed is: |I. A conposite material which conprises a

bl end of ja &@rm{@rciz‘é@%@ﬁﬁ%m?ﬁginfg@}Eé@h%bﬁﬁirroif%laﬁﬁﬁ@.m c particles, which

pol ymer conponent conprises at | east one epoxy containing polyner, in an
anount of fromabout 5 w. %to about 95 wt. % based on the wei ght of the
pol yrer 1) S . | east 0O ol yner havi a, plyrality of
epoxy-reggggggﬁﬁégﬁgggvﬁgg% éﬁ%ﬁﬁ@gglnt 5#?35%8 H%fﬁkgn 6t 0 about 95wt. %
based on the wei ght of the polyner conponent, wherein the conposite
material exhibjts a change in_ tenperature coefficient of capacitance of

fr om abodf- ABekeeEonip datica guRpritda sPRASIEhoelgignbler at ure change within the
range of from about -55 C. to about 125C. 2. The conposite material of
claim1 wherein the epoxy containing polyner conprises a phenol novol ak
epoxy, an7epexpacitaviwhighanomalhisgghati c or aromati ¢ hydrocarbon backbone
derived from bj spheno| ;A or bisphenol _ F, a hutadiene-acrylic nodified
epoxy, or conBif fﬁtéﬁ@etW@FEG?mpgﬁesﬂgsk%%ﬁﬁlkyéoﬁﬁ‘ﬂ%ﬁ”?éﬂyebfaﬂéIﬂai m 1
wherein i it i r .conprises a
POl yi m des) Lo TR el Rty L oh R R ST oR BB HR: Dhone,
reacti veapdl yester, or conbinations thereof. 4. The conposite material of

claiml whereipn the polynmer. having.a pluralj of epoxy-reactive groups
conprises a php §§%Cf’8$ aﬁé&e Wic C?J‘Pﬁ?%ﬂsiaﬁc%?d ehé&?‘&?}@l”@&%ﬁ% 1ayel ahe
conposi t g 4@t 6f thelcodbositedhifedal\Wrelaghn dBe k&IohQ8lBGIhIE cGRIBHL particles
conprise bariumtitanate, strontiumtitanate, bariumstrontiumtitanate, or

conbi nat 1&yA5 thereof. 6. The conposite material of claim| wherein the

ferroelectric,c 1 articles.are present in the formof .a, powder. 7.
The conposit eﬂlr%(aalfIr %ﬁr@ls Gyd g ?‘nbimﬁﬁﬁ%%eg}% F%G?ltogiheé SE‘ﬁ’a‘?’?@ Jl?lﬁ 1E"B’@F?per ature
coef fi ci enthe@brpapacihiengeroi dongm aRbehch &hd&% t 0 about +2.5% responsive
to a tenperature change within the range of fromabout -55 C. to about

125C. 8. The conposite material of claim1 which exhibits a change in

tenper af[ Y8EA QgﬁEggifr\c}ip rﬁﬁ&riﬁfwlﬁngﬁgo%ﬁ er?s'\%mg ? b%%d{oﬁgaogﬁgeggg@g?lg% %o%about +0. 5%

responsive to a tenperature hin dut -55 C. to
about 12ErfGelecBic cBremic popdsi, bidhgicdyhed cobdpotbsd ddhibrindy £ Medtsneaepdice! ectri c

constant cc?r];tai];lrn%ngo ybngéf inla?z e}rr?ou%?gy ftror%%bout 5 wt. % to about 95 wt. % based on
the weight of the polymer component, and at least one polymer having a plurality of
epoxy-reactive groups in an amount of from about 5 wt. % to about 95wt. % based on
the weight of the polymer component;
wherein the ferroelectric ceramic powder comprises barium titanate, strontium

titanate, barium strontium titanate, or combinations thereof’
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10. An article which conprises an electrically conductive |ayer, and a

| ayer of the conposite material of claim1l on the electrically conductive
| ayer. 11. A capacitor which conprises a first electrically conductive

| ayer, a second electrically conductive |layer and a |l ayer of the conposite
material of claim1 attached between the first electrically conductive

| ayer and the second electrically conductive |layer. 12. The capacitor of
claim1l wherein the first electrically conductive |ayer and the second

el ectrically %@Miue%gokﬁy&ﬁalhlag%egm RbpriSQIPFHeA6! rﬁﬁ?f@@uﬁrepo%} tam hum

ni ckel, silver, iron nick oy, Or conbinations thereof . The
capaci t orp@fy hahrmgmnlailphmcr @1 aliomaiec iy dregarkxinebackbagl deylvcfbfrdm&twphenq’lay er and

h d 14 A d
cirourt BB iy e Eapkane YL R R T RER e et Foni ¢

devi ce conpri sihagit e pRlynidredyiak h?l@&ll@%regoﬁf—r&l:@dfe@r&éps cbenprides £l ectronic
devi ce conprising the capacitor of claim1 . A capacitor which
conpr i seolyimide, a pelyargideinide. aapalyamd tfirel a pehistiesalphang. jarsactizeect ri cal | y

'cpnductlég?eggg mﬁ&ﬁn K; W%%aﬁ*m%ﬁe conposite material of claim1 on the

first el rlca y con Uctive ayer; and b) a second article which

conprises a Seﬁ@ﬂﬂl&keﬁh@bﬁ&hhymﬁﬂnﬂhﬁmﬁ%&hhﬁ&ﬁﬁtmﬂ@ﬂ&ﬁmﬁﬁ&ﬂhnaﬁofhe
conposite material of claiml on the second electrlcal%éFconductlve | ayer
the firsCaRalanse o6 HEMRRRUET &8 APt adHPantye BAKIPERENT Skt hat t hei r

| ayers Okm%ﬂﬁhQQ %EE% (ﬁﬁLgé @ﬁﬁabﬁnq Rtact with each other. 18. A

conposite materia mhlc conpri ses of ‘a polymer conponent and a
ferroelectric ceram c- powder, which polymer conponent conprises at | east

one epox in ol, in an .anmount .of fromabout 5 wt. %to about
95 wt . Bag a%ﬁ*@ﬁggﬁgéﬁﬁfaﬁ?“%h igh PSS onponent, and at | east one
pol ymer hav' ng) froRidil b&%ﬁ:&it@%&@éﬁﬁi %%tdo\&ﬁ)rEQQélH@n& empo@ﬁa@pnt of from
about 5 wt. %to abou . % based on the weight of the pol yner

conponentymponent aiwhigrielectrieefaprie paties.rlock epkymec cpopatent goaptseses bari um

titanate, strontiumtitanate, bariumstronti titan [ _conbipations
t her eof ; 2t [cast Onc epgy confaiing balSmet, 1%8%?%PHWH§q%) W%$%3%ﬁgﬁqg¥p?ggpheno
novol ak eRO%YbasclorEBeXkei 1A GE {3 1@ grrﬁérlcbhl%bh&ltoéﬁndaﬁmtdrﬁ pang@car bon
backbone derived from bi sphenol or bisphenol F, a butadiene-acrylic

modi fi ed h@wow plusplity ehBPoraticasisy ctdienson an amount fHeme phput Revip¥l 'Yner havi ng a
pluralit RAXY; € yi m de, a pol yam dei m de,
Yol oSRAXYCLRBELL UE M HRS AL URLL SRRl

a pol yvi nyl " buty sul i Ve pol yester, or

conbi nat inheteird fherceﬁlfppswﬁlﬁateﬂai exhiimgraeﬂhﬁhgehﬁ tﬁﬁ}b’mmret@eff&ﬁe&it bl exhibits a
change in tenperature coefficient of capacitance of fron1about -5% to about
+5% r esFHNSIIEC108 frgm ghoybr atodp @b @}ﬁamg’@ IRHPORSINE IrRtePRRGEITe FhanEem about - 55

C. to aboufldr rfglge of from about —55° C. to about 125° C.; and
b) attaching a layer of the composite material between a first electrically

conductive layer and a second electrically conductive layer.
20. The method of claim 19 wherein the attaching step (b) comprises:

i) forming a first article comprising the first electrically conductive layer, and

a laver of the composite material on the first electrically conductive layer;
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19. A method for form ng a capacitor which conprises: a) providing a
conposite material which conprises a blend of a pol yner conponent and
ferroelectric ceramc particles, which polyner conponent conprises at | east
one epoxy containing polyner, in an amount of from about 5wt. % to about 95
wt. % based on the wei ght of the pol yner conmponent, and at |east one

pol ymer having a plurality of epoxy-reactive groups in an anount of from
about 5 wt. %to about 95 wt. % based on the weight of the pol yner
conponent, Whgy gjriiddeseBAPBFiclc o Binbahe &XBhPLkSRAIGN@RARctive t enperat ure
coefficient of capaci tance of fromabout -5%to about +5% responsive to a
t enper at lﬁryer @mlm tpvenpf the gompesitcangjeria fonflrospcapdelectrisghGonductisisout 125 C.

and ttaching a layer of the conposite naterial between a first
electrlcng %nductive | ayer and a second el ectrically conductive |ayer.
20. The met hom)@&f)mﬁigaehérﬁils@ ARy Ridniet i afidlacdliet@r SicdRhithhe cmmpsitees:

i) formng a first article conprising the first electrically conductive

| ayer, ﬁ@tealal @y@rrofdhe firs axtisiple &1 eantarhpathithe compasie materi lagpeelithe cal | y
conductl % ii) formng a second article conprising the
second e ec rlcaf?y conductive layer, and a |layer of the conposite materi al
on the second electrically conductive |ayer; and iii) joining the

first artlcle and second article together such that the conpo |te mat eri al
| ayer of 2theergtied ar et & e %ﬁhvée?mmlﬁ% PHEREBE RS ST taidal 1ayer

of the SerAdANkiAl Brefty alDS ARRAO: QmflsAl MGt n step 1)

T
conprises lamnating t irst artrcle and the second article together
and/or curing the conposite material layers. 22. The nethod of claim 19

wherein atta ste co plying a | ayer of the
compos! t onrearaid EIES Py hikeeloRel e 1op GokatbeSBe ayer . and

ii) applying Ba@?@ﬁ% ?a&@ﬁéﬂth@ééﬁﬂos&@ﬂ%&idl Eﬁto'@ﬁﬁfcl@&h@a@ surface of the

| ayer of conpositée material which is on the first electrically conductive

| ayer ; an@uhwﬂvekwwxamioptlonalIy Ianlnatlng the first electrically
conducti ve Iaﬁg nd t he naterla nd t e second

el ectrically WPW&@?O&@&? "Fb%@%’ﬁ% it wa e e Fr%}jf o1y f‘y’&?fe
conposi t@fé@ﬁﬁsitahlatezﬁ; whil® 158hH M@ﬁei@du@éﬂl;y]c%nﬁ\ﬁtﬁirvélla{ycf h@dat t achl ng step
0]

(b) conprises; i) applying_a |ayer the conposite material onto a
first el ectridRlopyordlydaeinajiag e last 31@%’@@\?1113’ conducti‘fﬁ)la}@uamdq@eﬂ%r Phyer of

conposi tgoxgﬁés%'n?atena@ggd El{éa condfe}ffcﬁizéa'l%)co{l&)&cmvgﬁaa% t%l?g%t]%n m?c%ﬁlc trically

conducti v on a surface 0site surface is
opposi t ectifvgr tht:ﬂe@ter oRdomhpdsity efateriai.a sputtering.

23. The method of claim 19 wherein the attaching step (b) comprises:

i) applying a layer of the composite material onto a first electrically
conductive layer; then

ii) curing the layer of composite material; and then

iil) forming a second electrically conductive layer on a surface of the

composite material which surface is opposite the first metal layer, via sputtering.
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24. The nmethod of claim 19 wherein the epoxy containing polyner conprises a
phenol novol ak epoxy, an epoxy having an aliphatic or aromatic hydrocarbon
backbone derived from bi sphenol A or bisphenol F, a butadiene-acrylic
nodi fi ed epoxy or conbinations thereof 25. The nethod of claim 19 wherein
the ferroelectric ceramc particles conprise bariumtitanate, strontium
titanate, bariumstrontiumtitanate, or conbinations thereof 26. The

nmet hod of claim 19 wherein the polyner having a plurality of epoxy-reactive

groups COAPIHSRShAd Qpélxmg%heéim&é?éﬂyd@n@iﬁiﬁg P8RRI Y¥mpbeshut yral , a
pol yet her sul phone, a reactive polyester, or conbinations thereof 27. A

met hod ophérod nivigalaerewiy narecposiy heving abebpldicwhipsmatishydicseonncor porating a
capaci t O%agk%ggee ger%/%g (%rro(;jxll Qgplge%ofke})lrrgis]ﬁgeﬁo?%?a %m%(rﬁepigwggry it mo h_liedboar d.

epoxy or combinations thereof.

25. The method of claim 19 wherein the ferroelectric ceramic particles comprise

barium titanate, strontium titanate, barium strontium titanate, or combinations thereof.
26. The method of claim 19 wherein the polymer having a plurality of epoxy-reactive
groups comprises a polyimide, a polyamideimide, a polyvinyl butyral, a

polyethersulphone, a reactive polyester, or combinations thereof.

27. A method of forming a printed circuit board, which comprises incorporating a

capacitor formed according to claim 19 into a printed circuit board.
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