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POLYMER- CERAM C COVPOSI TES W TH EXCELLENT TCC
BACKGROUND OF THE | NVENTION Field of the I nvention The

wEe@gmesis1s nvention relates to the field of capeCi/Us2088/073291

and printed circuit boards. In particular, it relates
to polyner-ceram c conposite materials for use in the
formation of 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
desirabl e properties. Description of the Related Art
As the circuitry design of central processing units
(CPU) seeks to achieve increased operational speed,
the performance of integrated circuits becones ever
nor e PApMBIRCERANMIE] POSYTHRSYIgH BKCRLLANGTCC
circuit boards, which nount these integrated circuits,
is also very inportant. Capacitors are comon el enents
of printed cirgaCKGROUND OFRA'HE NEVENTIDNeEl ect roni c
devi ces. They are used to steady the operational power
supply of such devices. Capacitance is a neasure of

FE el Beigr age ability of a capacitor. A capacitor
rnﬁ%%guces—capacitance into a circuit and functions
Phé pRsdnt hvt@ichtrolaes & e ficld ©fkapatiesrg¥nd pHrekcitchie bbardyy In

of direct current, or permt the flow of alternating.

PUFHFWEH: it rofyips ool ymerCagats ¢nrosiEomaterials fof uge iy the formation
i L\ . e .ect.Li | . o

T g e L R R e T

wenehaage intthapaitalcaotfficennetoapicithnde TCOY il reshohee thhe

el ectrically conductivenetal |ayers via an adhesive

fegypstaturg ghanges, anwelbes othsr degirabledpreiiégsosi ti on.

Description of the Related Art

As the 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, is also very important.

Capacitors are common elements of printed circuit boards and other
microelectronic devices. They are used to steady the operational power supply of
such devices. Capacitance is a measure of the energy storage ability of a
capacitor. A capacitor introduces capacitance into a circuit and functions
primarily to store electrical energy, block the flow of direct current, or permit the
flow of alternating current. Typically, capacitors comprise a dielectric material
sandwiched between two electrically conductive metal layers, such as copper

foils. In general, the dielectric material is coupled to the electrically conductive
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w@R§00/083813 0 m ni aturi ze capacitors,

Her et of ore, capacitors arranged on the surface of
printed circuit boards have been comon. |n recent

to either use a dielectric ceramic material with a
hi gh dielectric constant, or to decrease the thickness
of dielectric ceramc |ayers. The capacitance depends
primarily on the shape and size of the capacitor

| ayers and the dielectric constant of the insulating

material. In one known arrangenent, "enbedded"
: Ry , ‘eid ol ad
FERF R BoT SOMGEk Mk RudemfRHon Se v P BPE0af 2L

board | ayers, producing excellent characteristics.
Printed circuit boards having such enbedded capacitors
Heectofpree cangciter inrrragediomehe sirfage of ariatad gfreyihoasds ayiebeen
BoRIdn | B rRLRSHr A PR B0 ACRIE PRl IS ERRGH, & GR)

ransmni ssi on speed. paci tors w i gh"Capaci t ance
densditicricecpatit naitdral wihddsgi alelcetricldoastapaciotdbrase the
density of dielectric materials can be increased by
thadngspnfididdectas caramigliareriratl Be Panasitangg Werads priparihy ghthe
LI%?Q 195198 fﬁ%% acit fi lal &5 MR RN didbGyik @é\ﬁsta%ﬁ gk fle8hldidthhg
Material often results’in a conp03|¥e rch1s

biatelrital . €ln ol dknwdrh @Rral@snangr gmbeddcat chyaisitedlcompeising thin,
praocessi ng properties. Such high capacitance _density

Aerbde-pidrd cener alnd SrkR#RRDE Y beghfasmed va e muliiavseed pifcuit
Gyl Ao bR HIANGG R cllis i AMSHA iy i
O R e e PRI RR T B S B o having
swhsinertdedrapadtdoannbisrto hmxliraizs esivrfaveares of the circuit
tenperature changes. Materials with such tenperature
heasd fRreriksrarepes aphasiaisdBcrarwd RIgSANTINS MRS SREIS gh
"tenperature coefficient of capacitance” or TCC. A
material's TCC i ndicates its naxi num change in
Capvitbtsaniciehigh eapaitspealchsigdart eapenatiydesirabixg eThe
Conventional. dielectric
capacitance density of die?ectric materials can be increased by the addition of
ceramic materials. However, the high loading of ceramic filler materials into a
dielectric material often results in a composite which is 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
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 “temperature coefficient of
capacitance” or TCC. A material’s TCC indicates its maximum change in
capacitance over a specified temperature range. Conventional dielectric
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 exists in the field of printed

it has beePCROB2MS8/073291
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conposite capacitor materials have been devel oped
whi ch have a change in TCC of fromas lowas + 15 %to

W@g00bosssas + 10 % over a tenperature range of PEDIS2008/073291

about -55 0C to about 125 OC. However, a need exists
inthe field of printedcircuit boards to devel op
capacitor materials, and particularly enbedded
capacitor materials having a very |low change in TCC in
the range of fromabout - 5 %to about +5 % and
preferably as |ow as fromabout -0.5 %to about +0.5

c/orcultnbo &SSP[rS g?nv%é)[gu plaglé%erﬁ%e alg agﬁﬁgrq El?lg%‘n{bgﬁﬁ]edt J&%acﬁor

ﬁfa@ﬁmhalvﬂlgemedrya RPvPEIRYEE @S TACUR tUuan@Od g ab&ltasi% to
conp03|te mat eri al which achieves this goal. The

plRps id |/‘yaé1né@ﬁ?fé@bbeasﬁﬁ‘{\’@ﬁ ifrgsaboyi-Q. ﬁo/még abpuh Q-8 %, in
el
BB TR LBl B PR RS A Rl
cmpem Pces Tadpesas ilNegHoml peivedet biudiquo Ppotyditdr.cointc
proceSS| characteristics such as ease of m xing

Tt hiqovichiey enthisroal. n{ksiny eiHivis co ipate raaterlals
8@%@213{’@%%%%?‘“ A ERCAITRIRS . B SR R0 Brongih and

wak @hbmﬂeymr elwﬁm peoperteeRpel sasglaticle@attconn@nts paky
cont ai ni ng pol yne in an apount of fromabout 5 wt. %
p@C%H\&tchwcwsﬂ%%%ﬁeaéﬁ of MEXI®i ght of the pol ymer
conponent, and at |east one polyner having a plurality
of epoxy-reactive groups in an anount of from about 5
Ww. %to about SEUMMARYHSEHEANVENTI®AN ght of the
pol ymer conponent, wherein the conposite materia
exhibits a change in tenperature coefficient of

f - %t +
?gés)g%%é 091de§ 4 Qgﬁlg%gt@tmaéel%l B &%ﬁses 2bféhd of
polymer cornponent and ferroelectrlc ceramic particles, 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
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,

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.

The invention further provides a composite material which comprises a blend of a
polymer component and a 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



10

15

20

25

change within the range of from about -55 0C to about
125 0C. The invention further provides a conposite

wWoreoe0ssis whi ch conprises a blend of a pol ynmerPCT/US2008/073291

conponent and a ferroelectric ceram c powder, which
pol ymer conponent conprises at |east one epoxy
containing polyner, in an anount of from about 5 wt. %
to about 95 wt. % based on the weight of the
pol ymer conponent, and at | east one pol yner having a
plurality of epoxy-reactive groups in an anount of

9 .95 ) 0
%érﬁg(}ﬂ%gg 1%1? ?tel\é\%sct) |o§ néc?lyﬁél%? H}wug%% %é\fu\llr\%lw %??}potxH r[c]actt&g groups

fredo edee bf fremadbans Gt. m\wlafou@ ORIt BeRsdiedn theweight of the
titanate, strontiumtitanate, barium strontium

P@lb’m%ﬁ@np%}en’bonbl nations thereof; wherein the epoxy
%Q}eﬁ{ t'ﬂ' ?%T&’e‘i’éc¥1’{?£er§rﬁﬁg{9k§d%§ccﬁn Ihs%E‘ BLruﬂ%Y%lng%% Sihdtitim

aronat

batﬁktboﬂﬁmuﬂemtdtmdnfﬂitaﬂim&lcﬁr@bmbﬁiatlé‘nsitheﬂébﬁphen0| F, a
but adi ene-acrylic¢c nodified epoxy, or conbinations
pheicEbihc coprer GNfIRIRE PRBMAREPMARYES BPhanglngvalak £pors an

g@q%%l%bﬁgfa‘ir# a)] El’lfg{goog%]%by tid mydgc?c%rt%npo%%oﬁ@e UrivéH from

pphbhars bigphens F, abuadiché-deryhio modsficlrepoy, or combinations
combi_ nati ons thereof; and wherein the conposite
theteofi al exhibits a change in tenperature coefficient

%er%ﬁpt%g ‘-087%? hg 1n%% %mrgi Lﬂ)tf G})]O)ﬁ’glé‘td&l\%%quﬁps ﬁ’rlses a

responsi e to a ratu ange of
polgimidbavipolybbidGichitia aqiaﬂmhnﬂ%tﬁﬂ a pblgctharsalphons) aséadtﬂve
further provides a nethod for form ng a capacitor

PPlvesicre gqﬁpfniﬂg@%tlons 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.

The invention still further provides a method for forming a capacitor which
comprises:

a) providing a composite material which comprises a blend of a polymer
component and ferroelectric ceramic particles, 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 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,
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a) providing a conposite material which conprises a
bl end of a pol yner conponent and ferroelectric ceramc

WE2a009/0338es, whi ch pol ymer conponent conpri ses BET/U828%8/073291

one epoxy contai ning polyner, in an amount of from
about 5 wt. %to about 95 w. % based on the wei ght of
t he pol yner conponent, and at | east one pol yner 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 polymer conponent, wherein the conposite

r%rﬂ t% ?fﬁﬁbstﬂe at rlaﬁllaﬂ%ﬁs P%hér@%ﬁﬁ E Lé{)aﬁu o gﬁ’tﬁ?en? n%

cap aci ce o rom aoou

ansaswmb vefrbM dboleNPEy tatabb@ Chas gespohditid 1 4 empeange of
fromahout -55 0C to about 125 0C and b) attaching a

Fhapee Wo Ht‘llilé rengeb Sioreabont w33 A todone & Lifand st

S
B S5 Ehingd 1 SR AEkY G AN Ay G B ity o
Erchlﬁuaﬁ%\/lbpmnﬁ |a(§ecohdFHlmﬂldlﬂ§’ candictipbisat.
representation of the TCC characteristics of certain
formul ati ons of the inventive conposite materials. The
formul ati ons shown in this figure exhibit a change in
TCC of from 8RIEF DESERPTIOMOGUEHE DRAWINGHONSI ve to
changes in tenperature within the range of from about
-55 0C to about 125 0C. FIG rovi des a graphi cal
FEprloenidss # grrphicak qeerﬁ@@tmaqfé e Cahpragtepptiaf cgitsn
SN Eh: 8o Bhvshit® LMRRK KRLEATPRAL KEniTRARE: Sl 1M
figic @khibitanhabguin FQC bf fromadbout —5+%.tb aboutHesppresparsivicao
changes in tenperature wWithin the range of from about
(O GMBAWES HBInGbe Appgor Foprabonte 3%5 & 9rakpw a°C

representation of the TCC characteristics of certain

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 in 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.
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formul ati ons of the inventive conposite materials. The
formul ati ons shown in this figure exhibit a change in

waag908s8iy om about -0.5 % to about +0.5 % respORES2008/073291

to changes in tenperature within the range of from
about -55 0C to about 125 OC. DETAI LED DESCRI PTI ON OF
THE | NVENTI ON The inventive conposite materi al
conprises a blend of a pol yner conponent and
ferroelectric ceramc particles. The pol yner conponent
of this invention conprises at |east one epoxy

cont ai ni noppel T DAL FrbRASE 12EPOEXTRONAVI Ng @
plurality = »

contai ning polynmer is preferably present in the
Eolyner‘conponent an anount of fromabout 5 wt. %to
bo v ensvogompnsp@atgriahcamuisges glend of a pakynss cgmapnent and

t I fe .0
L L R R L
Gorhpriseb aulcass Dn¥vepoxdocomuniiing pslyoler, st kb odPPBlymer having
cont ai ni ng pol yners nonexcl usi vely include polyners
¢ Bhwalits PRSP PIEREAVERIDIPAK epoxi es, epoxi es havi ng an
al i phatic or aromatic hydrocarbon backbone derived
from bi sphenol A or bisphenol F, butadiene-acrylic
Thdepoxgtosatihepolydker Bptndly mosnt methe pdlymEh eorppbneesin
having a plurality of epoxy-reactive groups .is
a4 Hiop Hroas Mt Torfo AROW RS it “olased Siheeightoitie o

0 [ f I r
bGP mrhott, mokt BARASPHn AR Bh. B0 s BN and
alostyircBthbly frofhabamid s 0 far &oat sblvy. %1 ERudples bf dbtable. %
to about 55 wt. % Exanpl es of epoxyreactive groups

BRI CON FETREPYYMAT NOHEX A YRY HIeBIfs oy mprlsg%&wpl
fi otl)ﬁg(éﬂog%rs ,O%%es @ n@%ﬁ 'aM?rhal't]ix I 95t rh?lHR)%arbgﬁ IS
0 e S or e

Sul ta teria
derived from bisphenol A or bisphenol F, butadiene-acrylic modified epoxies, or

combinations thereof.

The polymer having a plurality of epoxy-reactive groups is preferably present in
an amount of from about 5 wt. % to about 95 wt. % based on the weight of the
polymer component, more preferably from about 20 wt. % to about 80 wt. %, and
most preferably from about 45 wt.% to about 55 wt. %. Examples of epoxy-
reactive groups nonexclusively 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, polyvinyl butyral, polyether sulphone, reactive
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.
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pol yesters, or conbinations thereof. In a preferred
enbodi nent, the polyner having a plurality of
epoxy-reactive groups conprises a reactive polyester
having a plurality of hydroxyl groups. The pol yner
conponent of the inventive conposite material is
preferably present in an anmount ranging from about 10
w. %to about 99.5 wt. % based on the weight of the
conposite material, nore preferably from about 20 w.

¥hé polghrtitorBforidht of%hd aseftiwcdniypsie@iiiabfs pi¢ferably present
conposite material, and nost preferably from about 40
b ATRATBRIAG FANGO 18 @Bowr OpvHe %/\7@| agRet BS Pheo baypdsithe

I
}%%Igﬁhlé%g rc% g?ﬁt% r}{ﬁ%ﬁ% Cl%g%oﬂ}gf%%atbyfr%ea{b‘éﬁtaﬂi % By et

pemt.osl Batd be tirerdphto s ¢dnijosic fRlrRl, agd tadi geRedbly C,
or electrical insulator, in the inventive conposite

framerbiont 40 totarpres06f basgsl pBBhceveight fdheearmpasite arasariad
PAC POIGIEPcdififorsles BRrLAD D 8Bk She Rt bl fBfRc ©

xipdeaturer  conbi nations thereof. The ferroelectric
ceram c particles have a particle size which
preferably ranges from about 0.1 mmto about 2 mm

?rg ef‘efcﬁ‘{cackglra)fn égmc?eg%&tveg 2 diR &R %p?fé'étr{) Flmulajcgf" in

rroelectric ceramc partlc es are prefera reséent
ﬂmlﬂhﬁmkebmhpémﬁrmnmﬂﬂrEx&mpbmdéﬁnmbbdéﬁbﬂaﬂnaSmsmmdd
particles having an average dianeter of about 10 nmm or

p@élgles ineludsbpEpm tHaadR iSHRRtWD titanate gl funy rgndivg paate,
Bb%8 n%détaﬁlg@ﬁlh{%;{.aé gp %ﬁblﬁ%%%‘égrgﬁmﬂg%ﬁoe&eﬁéc

to abou n'certain I ment
ceramic particles have a particle size which preferably ranges from about 0.1 um

to about 2 um, more preferably from about 0.5 um to about 1um. The
ferroelectric ceramic particles are preferably present in the form of a powder. A
powder is defined as solid particles having an average diameter of about 10 um or
less. In certain embodiments, the average particle size of strontium titanate
ranges from about 0.85 um to about 0.95 um. In certain embodiments, the
average particle size of barium titanate is about 0.55 um to about 0.60 um. The
ferroelectric ceramic particles are preferably present in an amount ranging from
about 0.5 wt. % to about 90 wt. % based on the weight of the composite material,
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. %
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 Examples.
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wW@2000i0338es are preferably present

average particle size of bariumtitanate is about 0.55
mm to about 0.60 mm The ferroelectric ceramc

fromabout 0.5 wt. %to about 90 wt. % based on the
wei ght of the conposite material, nore preferably from
about 5 wt. %to about 80 wt. % based on the wei ght of
the conposite material, and nost preferably from about
10 wt. %to about 60 wt. % based on the weight of the
conposite material. Exanples of the exact makeup of
certain enbodi nents of this invention are shown in
Formul ati ons A-K of Table 1 below, as well as in the
ExamkesveldenpositembicyielsGRaypsiioh &yt Ride all$itioByl components
optionally include additional conponents or additives,
%%dﬁilta‘@so%lﬁb BhEQTYRBILONAL EYIHE 2RGBI SSPTIBH BEBITH HINGE ﬁg%nts,

B8y AORDAr RGP B LASIRLS B4 P

a@ﬁfgteﬁgeﬁ@ MOK Ed Uiy mciurde ldiseh€inel, pﬂﬂybﬁc aq@@d aﬂalaaslhydndes
aci ds and anh{drldes anpl es of suitable di spersi ng
Ryanplss poweirbleddipossing qaspts naacxslysiebsinchids silangsyncoalkoxy
d r
L e SR ASPALRA 208 SRR I ORELRR: Bt
nanekclausysiehanek elasivele indtdbainodesleandd tﬁpmhﬁrphlosphme
hosphi ne (TPP). One exanple of a suitable
E Qﬂwwpl&wé i sHistde gey pmegﬁg%ﬂy ayaitehle syplystdy Sureml: e
by r f

Rt Bk b PR T B, RO AP R R sapen.
Remexlies ufsurtably hardeherd elode:x&msn@w mbleudy diasnihgtipteay( £dDSjone
and ihenyl enedi am ne. of suitable solvents

Horekendihepeleyedismingd @Xﬁ@nﬁw @tlwp fe s awéwpmh)swely

Eﬁe nwéétt?}g(r%gﬂi;? et?gecémﬁ %@%t In engﬁ)%egns nts, ydﬁg&anone

((Euy&é)w tund/ eoralainpasis tlecre®l én catadn embpdineatsathe leastivene

solvent in a suffici en} amount. such t hgl ,
composite materials comprise at least 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
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
um to about 100 um, preferably from about 8 um to about 50 um, and more
preferably from about 10 um to about 35 um.

in an anount PCEK§I008/073291
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about 60 wt. % of the overall conposite material is
present in the formof solids. The inventive conposite

woreienssis may be fornmed by any suitabl e conmbi PETES2008/073291

means known in the art, such as mxing, blending, or
the like. In a preferred enbodi nent, the polymner
material and the ferroelectric ceramc particles are
bl ended together to forma substantially uniform
conposite material mxture. The conposite materi al

m xture may be forned into any suitabl e desired shape,
and nmay be allowed to harden into a conposite nmateri al
| ayer or the like. In certain enbodinments, the
conposite material |ayer has a thickness ranging from

about 4 mmto about 100 mm preferably from about 8 mm
Adkeaderfuresy thisnvapidormis that phesasnasity makesia pisbuiebly oxhits a

AT, Ao Bl ) DY L

e=conp erral pre nge 1n

hssnpes 3t uesoasiet td crienpe of teappatirt antén hf cingedf flohoabout
about - 5 %to about +5 % responsive to a change in

rehpferatiout i thi Morparefamye ofhangoim Hoeef thegsvaive o
%ﬁg&tﬁ% 2l ngE§frB&%t%8£@_ ¥y t0 AGRANIL r&@oﬁﬁ% gf, the
n osite ma 4

I nv 've conp erial ranges fromabout - %

tenpbow chdndowiggp aiis tevgpetui@ rigRpeiddwhencabprgderably from
within this tenperature range, and even nore

phaat e apf yo phBinAsotresPonEvVetorpchipeyvithn thisggmperature
ofis. t Wt hi 1St - .ange.
e R S R
connpodite wetatipoges fomedbett -al.5 Vatogbsuf rOiabepbnsite o £0
to about +0.5 % res&gnsive to a chan?e in tenperature

GhANEP I CRPCTAHE &V IBIN te SR fom U1 - dbehaut 125 GC,
Tanke gelo@%h?#’r&?\@g&@tu}eem%ﬁﬁ&&# ro? %ﬂ?ft;ﬂc‘é '("?ﬁt) Bioperties of

Capacftance roperties o nventi ve
thetievdnal s marerfabyr imfbaiul aivgis A-K, whithciie alse gedphivally

raphi cal |
1gep1re|%entegl n %(IGS. 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
(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
composite 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
30. The dissipation factor (DF) is a measure of the power loss of a capacitor,
where DF =2 ITfRC x 100 %, wherein R is the equivalent series resistance of

the capacitor, fis the frequency, and C is capacitance. Dissipation factor varies
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represented in FIGS. 1-3, and described in detail in
the Exanples. The data of Table 2 shows the percent

W@ apavssahce change (D TCC) of formul ati ons A-KCHEUS2008/073291

tenperatures within a range of from-55 0Cto 125 0OC.
The conposite materials of this invention also have
excel lent dielectric constant (DK), and dissipation
factor (DF) at IMHz. The DK and DF properties of the
inventive materials of formulations A-K are al so shown
in Table 2, below. The conposite materials of this

ig{i%ﬁk %ﬁt}ft ! gft ?eglltyl €. a]:ﬁ%éﬁssgﬂa%og ¢ ct(J)r Dﬁ“ggf %}1%?1?\66%%2

el sDatt OVaDO ptef&@blyey@as ﬁﬁﬁﬁa‘tﬁ)ﬁe@ eoaw abolut 0.0B alxpet
10 to about 40, and nost referabl from about 15 to

Biséuieblg dromrahoui P HF ﬁa@b%lﬁ 03 @ne masbrypfarably fiegpahene0.8p5

| oss of a capacitor, where DF = 2 /7/ RC x
&U%mgP‘wLerein R is the equival ent series resistance

of the capacitor,/is the frequency, and Cis
capacitance. Dissipation factor varieswith frequency

FNE cSrBpRAE Mdirials JhBisdhEtipRtiagmeliged Bra (dfly &f the
inventive materials, at 1 MHz, preferably ranges from

anmdigationsoamhias imthe dernmtion ofrsanacterst riinied gﬂrwtdmaabo ut

Qefihit 8oARRUNa NI 18 IRSh RESHELAR Whelih OBRBHbvides an

hé "conposi e€ria

hifé RAVhioN comyrifes abl sRAtricallp caxﬁrulcﬁtzallagaér amph iagat dfans,
such as in the fornmati on of caFaC|tors ri nted

HIveRtiya coppiis materiaken Baictectoglly eandustve lagen jSush artieles
V?ﬁt ﬁfn@n?e@ag%%‘%g‘ rp%'n dNGecli? %ﬁ{ﬂ%k rc%}’x{ deg 1%%%9&%8' €

Ses ectr Ica a er,

Gaplaaiy@s, eﬂ)éctﬁoh& deRicentvinich aippies tlteenmheé lcqiacmsrs; eﬁéctromc
electrically conductive layer. Such articles ma

dofpsivech apaRT SRS InveRtiensted Gircyitbopigar e thmlikn One
gﬁgg&lhl%ﬁt (Hhtﬁls 1ﬁkye%ﬂgﬁ Yitludes a capacitor which comprises a first

electrically 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 electrically conductive layer. The composite material layer
is preferably directly attached to a surface of each of the electrically conductive
layers. Another embodiment includes a capacitor which comprises a first article
which comprises a 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 each other such that their

layers of the composite material are in contact with each other.
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capacitors, electronic devices which conprise the
i nventive capacitors, electronic devices which

W@ 9posses t he i nventive printed circuit boar dsPCEES200$1€73291

i ke. One enbodi nent of this invention includes a
capaci tor which conprises a first electrically
conductive layer, a second electrically conductive
| ayer, and a layer of the inventive conposite nmateri al
attached between the first electrically conductive
| ayer and the second electrically conductive |ayer.

c ' . eri I I s. preferab LT .
AR S S CE Pl B AL Bl SR T PR p L B etcaty

esnidbeEd Meerb ayRixslusABBLiREndemead i syeRtsutingd MeREfols.
capaci tor which conprises a first article which
Essrpples aksuitabliemaatergdletor spehuglpgriedlydoadiciec|laygsy  havi ng

Bl B D0l YFOL FFOTBIPLI ST b e

edrhbiahteonahih @ bofC QPG RS raatsed @bthpek&opp&alWiere more than
conductive |l ayer having a | ayer of the inventive
ermyleciticadlyrondugtive lowr iueseab dimateriak oficagh Jayer is chosen

BRPRATLNIE shEHRY collkie Sl HelBhne W AREP A phIERE
iR rao mosiadse Thtordadallgcenduttiee Myacprefdritly @acdithickness

other.EIectricaII¥ conductive layers are well known in
fameingffom phorig) 1 tygboyf 404 ping BYor§pretskehly: fiopeabiogy e pan to

| usi ' t
PRIF 1545 ks A4, TR ALPHEES) QU3 ' A v
ghoae} the campysiteandodililmer bayfanslyhan e xdtiuesyehying ftinudigout
copper, alum num nickel, silver, iron nickel alloy,
Bt oraberatl0oHE maEmsierably Hempepwidtuige abeuiiS0 um, and

&ngﬁg%?@gfﬁgﬁ%&ouyﬁﬁﬁﬁiggﬁﬁugEzghone electrically

condu ayer Is present, t materi al of each
| ayer is chosen independently, and nay conprise either

g Ehaet P b Iy Be BB BRSNS o
t‘amagffiﬂg’slgefer 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,
evaporating, and combinations thereof, either simultancously or sequentially. In
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
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
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rangi ng fromabout 3 nmto about 100 nm nore
preferably fromabout 5 mmto about 70 nmm and nost

wee@bessid y from about 10 mMmmto about 35 nmm ARCEHUS0081073291

above, the conposite material |ayer preferably has a
t hi ckness ranging fromabout 4 nmto about 100 nm
nore preferably fromabout 8 mMmmto about 50 mm and
nost preferably from about 10 mmto about 35 mm For
pur poses of this invention, unless specified, the
terms "applying" or "attaching" refer to any well

99080 FEARE PRI IAE bR s IBRENAAGum OF o R10THSH00R

er , non-excl usi ve I nc

ﬁﬁﬁésl) Bgmeeiupp| laﬁg masRhiayd B prefutd &Tdbogs frdnamba@ta NPgficm’
por de 03|t|n% el ectrodeposi tion, plat

fﬁOmﬂ)utﬁ@ ow R Er/aRT (0 RenePRSETIERIN Atorpehouf ﬁ@q@&pm (70 psi)
b'ag{ 1?1%%&%26@@5%111 ﬁ%%‘%? gaiﬂlllg%l 1%a§gprllﬁ§ 5%,;% s

emtd@ctad aedoadink &y edy mnvemainung kndwin ceririgaimBthedd odi caraihs,

the attaching of two or nore materials is conducted
¢nbodiggniset FBHE stichanBe eendusterby sebipetEg the COEPRSHAL e.

AR a%mhgr gﬁ@‘é?ﬁé‘ﬁ' %oﬁW@@ thoaab‘bﬁ{;}fl%;ﬁ 0§ ~F),

pressure, nme appropriate

trabeut. 1 tbribeer 28iminerpodi ments, | anmi nati on may be
conducted in a press at a tenperature of from about
150 OC to about 310 0C, nore preferably from about 160

?Bsﬁr?vegﬁ&lﬂ hgﬁ%p re(l)a%:s ﬂoaar.ﬂlgtﬁgdi et @%1 %% a{EgtUIC tvﬁlq ﬂl%%‘fb d
rom about m nuf'es to about es pre era
frichiica9 ptovidingra _uinssiteaadrotid] a8 desuribed ebovePamf @) aﬂndcyung

the press is under a. vacuum of_at |east 70 ¢cm (28

a #ﬁyﬁ@%fj the pompesigmpateri @ewéﬁeﬁtaairﬁéée%@ca&w%@wwé lagygr and
e
diréxtlysitthctied tabautfackdbflegétl ofiie €ROGIcpY Jonduttiwadldydrs.on t o

| am nation, a curing step may be

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 electrically conductive layer. In certain embodiments, the
attaching step (b) above comprises: 1) forming a first article comprising the first
electrically conductive layer, and a layer of the composite material on the first
electrically conductive layer; ii) 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 article is in contact
with the composite material layer of the second article. Optionally but preferably,
step ii1) comprises laminating the first article and the second article together

and/or curing the composite material layers. Suitable electrically conductive
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conduct ed according to any conventionally known curing
met hods. In certain enbodi nents, a curing step may be

wewdussexl by subjecting the conposite materi aPCT/USA08/073291

tenperature of from about 93 0C (200 OF) to about 316
0C (600 OF), for about 1 to about 120 m nutes. This
invention further relates to a nethod for formng a
capacitor, which nmethod includes (a) providing a
conposite material as described above, and (Db)
attaching a Iayer of the conposite material between a

rttnat%h tgndC(% ncﬂﬁg ialrﬁllgat% Ahd c%ﬂg% r% §ICO(\)71 d abo c.
e gc rica con ayer. € conposi erra
TRy f¥sultisg pa@‘c%ﬁbﬁuuﬁe h&cd inytaat;trapdsse@ dommpasisdiiicace of
each of the electrically conductive layers. Such
LEPREMEBY: formati on may be carried out in a variety of
ways. I n several enbodinents, an article is formed by
applying a layer of the inventive conposite materi al
Didnotan celbediiicnt ahd yttaching Yehi(Wecdnipriies: i) fppleing ailayer of the
enbodi nents, the attaching step (b) above conpri ses:
POMPQsHtEHCTE PRtogH firsk ﬁtlt:%nealty&%ﬁil@wﬁ d;axeﬁeanfiili) &pplying a

3 AS

?écgﬁ& Elegt?lclﬁ%{ ééo?t'ag{:t?\;e Mfﬁ‘ﬁ‘ oﬁ%’l e[r Sét%rf”a@? ?E %fe IOP Eorﬂgoeslte

ﬁﬁfwiabtvhtcﬁ id evy tie; firkti lechdanlly RGnducsiee {H’jfdr antl I11C)| dptionally
conpri sing .the second eIectricaIIy conductive | ayer,

wHnatinedhe firy pleetisalborpydurtive laxgrand dre lgierin éo@@%i?d
ﬁl&%?ltd[ érﬁiat!he ec%ﬁ&‘ gfé‘aﬁtc\({ L&yd%EtlTeaiQ?etj tb hér%ﬂ&/ﬁ%uﬁﬁg the
I rst artic e an seco artic oget her’ suc

lalyer efoppebitemantiel iTe reaytedg @patite strictate tak hinsdta- i s

i n contact mnth the conposite material |ayer of the
supRtHc ARl Ar@neepiitonal |y but preferably, step iii)
conprises lamnating the first article and the second
article together and/or curing the conposite nateri al
Iregtdr sottsu einhbdiencat, elnt atiackinp wtep b eosiiprises: dygyplying a layer

and details re | ami nation and

gﬁtﬁtg rﬁlat%lpay‘@ qu,tgr\llq Q8 HHBY gl%gtgllcal?y conductive layer; then

i1) curing the layer of composite material; and then

ii1) forming a second electrically conductive layer on a surface of the composite
material, which surface is 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
properties described above. For example, capacitors formed with the inventive

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

The resulting capacitor structure has a
net al - conposi te-conposite-netal arrangenent. In

i) applying a |ayer of the conposite material onto a
first electrically conductive layer; and ii) applying
a second electrically conductive |ayer onto a surface
of the layer of conposite material which is on the
first electrically conductive layer; and iii)
optionally lamnating the first electrically

Q tivecl aye e oSy i al
AR R BTGP %) DS Sbed FUBRPLO o SR er
aikgileBrang Wrdfa@blyhiek N ay 8r grohte £ MRS hereBdpatitab of thixe
resulting _capacitor structure has a netal conposite-
vertionggxhingeaie Atgh thermed ptrbilighgsplder wmpstitirenel aboye288

tachin t b PL o : ' er, of
e A SR R L e AR e B Ryl R o
pehdy elid MeecrtBygolynidiaRrdniit compbdig rdieridl ayikbp®dr foil, wherein

conposite material; and then 1ii) formng a second
tesemppeit mytedarentns 4 Wayepolymencappangieangfss wie %o
FORRELL RSP LAY TS LU0, SRR R pse
tapaeh bhi satlsrutdattest /41288 °as a net al - conposi t e- net a
arrangenent. Additionally, after formation of a
capacitor of this invention, circuit patterns may al so
s T RBHER Alfhel By EleS i oo ATk RNl
whicarbinpeisgohyorporatieg achmacitongdsirmel dmivelin® a @xhedtitcuit
several desirable properties in addition to the

by ggqtléer-p@dg’odgp@n thys invention nonexclusively include the

formation of printed circuit boards comprising the inventive capacitors, electronic

devices comprising the inventive printed circuit boards, electronic devices

comprising the inventive capacitors, and the like.

The following non-limiting examples serve to illustrate 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

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

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

contain various combinations of the polymer component and ferroelectric ceramic

14
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formed with the inventive polyner-ceranm c conposite

acopper foi
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or greater.
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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

percent capacitance change (A TCC) of each formulation at temperatures within a

range of from -55 °C to 125 °C. The data of Table 2 relating to TCC is

represented graphically in FIGS.1 -3.
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serves as a control materi al
of the polyner conponent of the invention.

mat eri al s,

and is made up entirely

pol ymer conponent and ferroel ectric ceram cparticles.

strontiumtitanate i s abbrevi ated

and bariumtitanate i s abbreviated

foll owed by their average particle

and their weight in grans. TABLE 1:

AL M FRU L aLoRs, Tabl e 2 shovs
0

I'cS e inventive fornul ati ons

In Table 1,
term"ST",
term"BT",
di anet er,

TR

with the
wth the

A-F.

warrpmsss1i ons B-K relate to the inventive conpbGi/us2008/073291
and contai n various conbinations of the

itfek cpl 1y, Table 2 shows the rokn@hgbd9F properties

of fornulLations A- as_well _as the percent

(6 TCCP of &ach Forhufat
t enperatce) Withih a rlhnge bf frbm-55 0C to

capaci t apncé chaBge

oH af 1

12b 0C

TheDHat a| of -Tpbl B P r2l jpati rfy| t ol2T|ICC 1&

r ebr pseiit

~d 21

25

27

gr aphi caj 'y -1 no.503350.009 Bo.06MBL-&0@
Chamage efi stifcs Fornul ation A The

0.0pPpesos
i nventive

£0. 0
conppsite

0.0

0.004

0.005

materd al s | ncl uog h l£nd_gof | a-ox0
f ereel ectricl ceramc partic| es.
of, df3ase| Exanpl es as fprned| by b] end

y e
The ppl ynef

CQNppn&yt
conponent

ng Coprposi

anh

[ i on

0.3

-0.2

Toad

Iwqtdr Copposi f1amy ., 48el ow,2 | N_gas Welgh
1: 990¢g copo

7% Bee, QoNPOS| tion Fpoxi i zed

phengbcpnd arpmatif hydfocarpon 2B g

0 (0¥

ymer

0.2
of

-0.4

0.1

Eastoner-toughened epoxi di zed phenol novol ak

Bi sphenol F epoxy 74.8 g Pol yester
BoroubatioalA/meri zabl e with epoxy;

7.2 g

havi ng functi onal

The inventive composite materials include a blend of a polymer component and

ferroelectric ceramic particles. The polymer component of these Examples was

formed by blending Composition 1 with Composition 2, below, in a weight ratio of

75:25.

Composition 1:

9.0 g Epoxidized copolymer of phenol and aromatic hydrocarbon

28 g Elastomer-toughened epoxidized phenol novolak
7.2 g Bisphenol F epoxy

74.8 g Polyester having functional group polymerizable with epoxy;

65% in Toluene
6.8 g Polyvinylbutyral
0.5g 2-phenyl-4-methyl-5-hydroxymethyl imidazole
123.9¢g Solvent mixture of 80% methylethylketone and 20%

dimethylformamide
Composition 2:
20 g Epoxidized copolymer of phenol and aromatic hydrocarbon
15g Epoxy polymer - Oxirane, 2, 2°-[[1-[4-[1-methyl-1-[4-

[(oxyranylmethoxy) phenyl] ethyl] phenyl] ethyledene] bis(4 ,1 —
phenyleneoxymethylene)]bis
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30

65% in Toluene 6.8 g Pol yvinyl butyral 0.5 g
2- phenyl - 4- net hyl - 5- hydr oxynet hyl i m dazole 123. 99

wE00908881511 xt ure of 80% et hyl et hyl ket one and ROPAS2008/073291

di met hyl f ormam de Conposition 2 : 20 g Epoxidi zed

copol ymer of phenol and aromatic hydrocarbon 15 g
Epoxy polynmer - xirane, 2, 2'-[[|-[4-[|-methyl-I-[4-

[ (oxyranyl met hoxy) phenyl] ethyl] phenyl] ethyl edene]
bis(4 , 1 - phenyl eneoxynet hyl ene)] bi s15 g Bi sphenol A
epoxy 48 Polyethersulfone 0.30¢g

2- phe éll rgﬁ ngdr oxynmet hyl imdazole 1.5 g

Di am A E o e 0.20 g Triphenyl phosphine
150 g ﬁg f 23% net hyl et hyI etone, 62%
cycl oﬂ en}éﬁ‘dmi ’Eor’fW‘Fg‘r ?or mul ati on A

of TabPe 1Dé3é1ﬁtlaqllﬁbe@¢)§u lgheye t he resul t| ng pol ymer
conpofdite. TEMNVIPLEh@pEoenul ati on B The inventive
conpo$’Q g Helvemtimixtuae 0 H2 o mepthydethplkatonat 626t cBlolesanone,
formed by bersligdgn@Qylgorafantiie pol ymer conponent bl end
of Exanple 1, with 80 g of

Formulation A of Table 1 contains 100 g of the resulting polymer component.

EXAMPLE 2

Formulation B

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 g of a dispersing agent, as shown in

Table 1.

Formulation B exhibited a DK of 28 and DF of 0.003 at 1 MHz, 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

Formulation C
The inventive composite material according to Formulation C was formed by
blending 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.
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strontiumtitanate (85 mmparticles) and 0.12 g of a
di spersing agent, as shown in Table 1. Formul ation B

weztwssesl a DK of 28 and DF of 0.003 at 1 MHzPCHKS$R008/073291

changes in tenperature coefficient of capacitance of
2.6 %at -55 0C, and -3.4 %at 125 0C as shown in
Tabl e 2. EXAMPLE 3 Formul ation C The inventive
conposite material according to Formulation C was
formed by bl ending 22 g of the pol yner conponent bl end
of Exanple 1, with 78 g of bariumtitanate, and 0.1 1

. di S . ' e .
BBl o R LAPEE B ERAU0oA MR i clpne oo
Rinptiiite casiciehanggacitancé eMNpEs Bt dir-e5 e0ehli U Bt 129 °C as
capacitance of .5 %at -55 0C, and 4.8 % at 125 0OC as

nTgblgdhl e 2. EXAMPLE 4 Fornul ation D The
i nventive conposite natﬁzﬁéhpﬁﬁgording to Fornul ation

D was forned by bl endin t he pol yner conponent
bl end of Exanple 1, with 33 g of strontiumtitanate
F&BmRgaanticles), 22 g of bariumtitanate, and 0.1 1
g of a dispersing agent, as shown in Table 1.

[Fbe mykativeqeniposikhinictiebhcaomiamib Byranatipr Dofaioonad by 1

: i ffici :
KRR Pa sl PR SR EMGR 3RS ST 188 oc
@forsii@iitahdle (EDhA 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 8 and DF of 0.004 at 1 MHz, and changes in
temperature coefficient of capacitance of —0.7 % at —55 °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 um particles), 28 g of barium titanate, and 0.06 g of 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.
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EXAMPLE 5 Fornul ation E The inventive conposite
mat eri al according to Fornul ation E was forned by

wWhb@ndsises 30 g of the pol ymer conponent bl end BET/US2008/073291

Exanple 1, with 42 g of strontiumtitanate (95 mMm
particles), 28 g of bariumtitanate, and 0.06 g of a
di spersing agent, as shown in Table 1. Formnul ation 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 0C, and -0.6 %at 125 0C as shown in

Tabl e 2. EXAMPLE 6 For rrutgtgllgﬂ §6The i nventive

conposite material acco Formul ati on F was
formed by blending 22 g of the pol yner conponent bl end
phriamle 1, with 23.4 g of strontiumtitanate (95 nm
particles), 54.6 g of bariumtitanate, and 0.1 1 g of
Ahelinypetihsi qognregiénmateaig] ansonding to Fpabblkation Frgsifofmegd n F

hi,.bi d DK of 18 d DF .of 0. 8 NHz d
BB 22 ot i imr s ionspe e bt 202 8%
strorfliuf® @hnate P Vem _}3@&@16%),354% @2bf BadRindfitafste SAHAWN1 1 Hof a
Tabl e 2. EXAMPLE Fornmul ati on G The inventive

dispgreis kgcnimasshpah imdeldedi ng t o Fornmul ati on G was
formed by bl ending 22 g of the pol yner conponent bl end
of Exanple 1, with 42.1 g of

Formulation F exhibited a DK of 18 and DF of 0.008 at 1 MHz, and changes in
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

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 um particles), 35.9 g of barium titanate, and 0.08 g of a

dispersing agent, as shown in Table 1.

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§

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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strontiumtitanate (95 mmparticles), 35.9 g of barium
titanate, and 0.08 g of a dispersing agent, as shown

WO 200/abdses 1. Fornul ati on G exhi bited a DK of 2rAT/EHszdosd73291

of 0.005 at 1 MHz, and changes in tenperature

coefficient of capacitance of 0.1 %at -55 0C, and

-0.7 %at 125 0C as shown in Table 2. EXAMPLE 8

Formul ati on H The inventive conposite materi al

according to Fornul ation H was fornmed by blending 22 g

of the polymnmer conponent blend of Exanple 1, with 46.8
H

f ' [ 9 i.cl 2
S ST R LA S i
exiebi ted a DK of 22 and DF of 0.008 at 1 MHz, and

changes in tenperature coefficient of capacitance of
-0.4 %at -55 0C, and 0.2 %at 125 0C as shown in

. L ' [ .
ESSnd TR B DRSS of 0808 CVABL W€ ghugees n
featpreaubd Cobfifiefedt alcadeiginod oft Hed POAtYIFEI°Ce antp@D eatt 1156

of Exanple 1, with 54.6 g of strontiumtitanate (95 nm
ﬁfaﬁ*lol""élllég)ableézSA g of bariumtitanate, and 0.14 g of a

di spersi ng agent, as sh [ ble 1. Formulation I
exhibited a DK of 2 1 aﬁ%@& 008 at 1 MHz, and
changes in tenperature coefficient of capacitance of
F&ndhlYaat] - 55 0C, and 0.2 % at 125 0OC

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
strontium titanate (95 um particles), 23.4 g of barium titanate, and 0.14 g of a

dispersing agent, as shown in Table 1.

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

Formulation J

The inventive composite material according to Formulation J was formed by
blending 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 0.004 at 1 MHz, and changes in
temperature coefficient of capacitance of 0.3 % at —55 °C, and -0.4 % at 125 °C

as shown in Table 2.
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as shown in Table 2. EXAMPLE 10 Formul ation J The
i nventive conposite material according to Fornul ation

wQ2wa93%80F ned by bl ending 20 g of the pol yner RONpS29631073291

bl end of Exanple 1, with 48 g of strontiumtitanate
(87 mmparticles), 32 g of bariumtitanate, and 0.12 g
of a dispersing agent, as shown in Table 1.

Formul ati on J exhibited a DK of 2246 and DF of 0.004
at 1 WMHz, and changes in tenperature coefficient of
capacitance of 0.3 %at -55 0C, and -0.4 % at 125 0C

as shoyvn in Tabl e 2. EX%@P]I}E ﬁor mul ati on K The

i nventive conposite mat rding to Formul ation
K was forned by blending 20 g of the pol ymer conponent
pbl%ﬂgatm‘nlgxanple 1, with 43.2 g of strontiumtitanate
(0.87 artlcles) 36.8 g of bariumtitanate, and
@hqmyegtn@f coalms@p@la@rlﬁbae&g@mg tod®rghlakan an%r@blr@ed.by

13 hi bi t ed d 05
Ny RIS et St M T M PR
Q?&ﬁﬁh{ @akAc % 87 ngpa%l@és) 68 ngbamﬂn@ualla%a atd .25 I%Q)@a

as shown in ble 2. Wiile the present invention
Biepersipaagendudsshbynghdeblednd descri bed with reference
to preferred enbodinents, it will be readily

appreci ated by those of ordi nary skill in the art that

¥V @i tFonCl 3RBIB e RO D KIS 1 ArdiabdF 6N6.008 Yt PRIHEBER changes in
temperature coefficient of capacitance of —0.2 % at —55 °C, and 0.1 % at 125 °C

as shown in 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
ordinary skill in 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 all equivalents thereto.
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wi t hout departing fromthe spirit and scope of the
invention. It is intended that the clains be

WO pogopaset ed to cover the disclosed enbodi ment PCT/H82968/073291

alternatives which have been di scussed above and al
equi val ents thereto. Wiat is clained is: 1. A conposite
mat eri al which conprises a blend of a pol yner

conmponent and ferroelectric ceram c particles, which
pol ymer comnponent conprises at |east one epoxy
contai ni ng polynmer, in an anount of from about 5 wt. %
to about 95 wt. % based on the wei ght of the polyner
conmponent, and at |east one polynmer having a plurality
BhaeRXyimegact i ve groups in an anmount of from about 5
w. %to about 95 wt. % based on the wei ght of the

pol ymer conponent, wherein the conposite mat eri al

X

Eanciis e SRR s EBAL AL Y ERT b EgfPonent and
fROHRROGIcMRrdnfic paittiR g ewRich lpely@haa rag@pmdnh bompris ﬁﬁl@@ﬁ oaé
from about -55 O0C to about 125 O0C.. 2. The conposit
PROFY CORIAINGRE POLMAH, Ik FEP LR éroap@s@yt & oit Aitaia Fg@ut 95 wt. %

I C

RE KR e ERR G2fe foIBhEr RmfIREA Bl BRGIY bl B FRBevine o
plerdlitedf éFoamrbicsipb grualps A &1 arioEp be ol aPE»ouﬁS wt. % to about 95
but adi eneacryl i ¢ nodified epoxy, or conbinations
Pher daged op thrweighp abhibs ipplymes ceMpanendf claim 1 wherein

{REROhY TEf PQ&%'rH&eﬁal%&iﬁ%ﬁL hthan%fg ul‘?Pe%ﬁ:])é de[tﬁ%“c Ei*ffment of

gr oups conpfi ses m de el m
paplaylwamy bf Brotayabalit fa%aolayelithrew Sy |r4§ﬂp01ilﬁve ® artempbﬂame
yester, or combinations thereof; 4. The conposite

ﬁ%ﬁng? withirgthe gange of froghaiost no % He tarhoph?s Havi ng a

plurality of epoxy-reactive groups conprises a
pol yester having a plurality of hydroxyl
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.
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WQ 2a0aM3s8es strontiumtitanate,

groups. 5. The conposite material of claim lwherein the
ferroelectric ceramc particles conprise barium

titanate, or conbinations thereof. 6. The conposite
material of claimlwherein the ferroelectric ceramec
particles are present in the formof a powder. 7. The
conposite material of claim1which exhibits a change
in tenperature coefficient of capacitance of from
about -2.5 %to about +2.5 % responsive to a

e I ' n.t . -
hCTRE bR SEOGRo AN L SO 00 R TLARR b B,
dohpede RO thisat® sebriMge utaﬁategmaﬁfr@tmmlu@oﬁﬂ‘aﬁm ignt of
capaci tance of fromabout -0.5 %to about +0.5 %

eeBpBasnsdharepfy t enperature change within the range of
from about -55 0C to about 125 O0C. 9. The conposite
material of claim1 which has a dielectric constant of
br ohe akrapésitd mdteriaboutaind 0. .whkbein MecRiTpeISittie cominit pticles
whi ch conprises a blend of a polyner conponent and a
F@@F%ﬁéﬂté@tthQ@H@é}f&rﬁowdébMer whi ch pol yner conponent
conpri ses at | east one epoxy containing polyner, in an
amount of from about 5 wt. %to about 95 wt. % based

DN Thé ompositd tmavéridl beclpih ¥ veHiclc ehplsinenthangdih tadptraass
one_pol yner having a plurality of epoxy-reactive
gqeéﬁﬁgntu of cappetaRemt fiom pbaykraBoato abapt 729 P orespagive ¢osa
%@e/&%%ﬁ%@%ﬁlﬁ& tﬂ@a&é@ ofcﬁrorﬁ Qﬁmﬁo |5¥ Ie‘Erto %’(ﬂﬂ q Q? B&
rein the Terroelectrrc ceramc powdér conprises
bariumtitanate, strontiumtitanate, barium strontium
titanate, or conbinati ons t. her eof ; wherei n t he epoxy

Bohha PompRyits anajerct of plsm il vduchexhilifta Ch%a%matﬁmefrawe

8dbfficient 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. A composite material which comprises a blend of a polymer component and a
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 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;

wherein the ferroelectric ceramic powder comprises barium titanate, strontium

titanate, barium strontium titanate, or combinations thereof;
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epoxy having an aliphatic or aromati c hydrocarbon
backbone derived from bi sphenol A or bisphenol F, a

wheiadssne- acryl i c nodi fi ed epoxy, or comnbi natPONES2008/073291

t hereof; wherein the polynmer having a plurality of
epoxy-reactive groups conprises a polyimde, a
pol yam dei m de, a polyvinyl butyral, a
pol yet her sul phone, a reactive pol yester, or
conbi nations thereof; and wherein the conposite
material exhibits a change in tenperature coefficient
0 i.fance of. . m - .5 % ut, +5 %
PheSAreE hOR Bl b BRI s S oML opdlyyan o
Epxnabiidtan-a5iphe drarchait hyliZscaffon bhdkbohd dafivddctém
whi ch conprises an electrically conductive | ayer, and
hisphgpet At bisphenad Ep@a?ﬂﬁaéleﬁﬁﬁ@iy{l& mogficg| PRy, Pr §AMPHEtions
gkg%@rically conductive |ayer. 12. A capacitor which
conprises a first electrically conductive |ayer, a
sAceitthe peBiidr bavihy a paralitg tof ¢podyaisactiangodpsl caypiisef a
the conposite material of claim1l attached between the
polyspide) aepalyqraidpingde grielietinx dufvagler palyethersalphare gdeactive
[ | i iLve |layer. 13. The capacitor of
§+§§%§i§ﬁ%ﬁﬁ?§¥§ﬂgﬁ%%¥ﬁ}i%‘electrically conducti ve
Wayein thadoipesigataathl ekRibits b chdrgy it eneheedtinéeobfic@mt of
i ndependent |y conprise copper, alum num nickel,
ganagigance pf BRAMAbERETS @I tPAYOUteTd Ko AEPABHY OIS ICRBF@HTe

. . ) first
TN EERE AR o PR 22 gy A9 11 o
el ectrically conductive | ayer conprise copper.15. A

capaci tor which conprises : a) a first article which

Ebrfph péigls whieh pampraics an fleeicrlly egKHGRYS pgen aifes layarf the

Js(ﬁ}ﬁ%site material of claim 1 on the electrically conductive layer.

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

aluminum, nickel, silver, iron nickel alloy, or combinations thereof.

14. The capacitor of claim 12 wherein the first electrically conductive layer and

the second electrically conductive layer comprise copper.
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of the conposite material of claim1l on the first
electrically conductive |layer; and b) a second article

wakiogl3ssohpri ses a second el ectrically conductP@EUS2008/073291

| ayer, and a layer of the conposite material of claim
1 on the second electrically conductive | ayer the
first and second article being attached to each ot her
such that their layers of the conposite material are
in contact with each other . 16. A printed circuit
board conprising the capacitor of claim12. 17. An

#egt ?QH%E“%%QI%K%QQ%JISIng the printed circuit board

cI4 ectronic device conprising the

EPPABGL hdiclcofhich 8brprds a¥lst ofecidall9dohdctivOlafeN@nda layer
capaci tor which conprlses a) providing a co osite
pithe epaposikiredecd wh elagad on tb@ 8 e@ﬁtr@aabptw@p ive layer; and

@O%Tpe%nfﬁ]&m%f%qxxﬁlglg C(?I% sceg sgcoqlt%re?éar?c[aﬂgrcgﬁ&lc?ée la\ﬂ\/'hrl %Hd a

koot ¢l the BempeXity mfefcenall Bf aama Mo e sdeohd amtﬁbﬂlgt cdndudtiveo
to about 95 wt. % based on the wei ght of the pol yner

ﬁbonent and at | east one polyner having a plurality

B R LERGLRE AR BR B T ATBIDE 0 LR o
el cprpbsicomperigintse inmbedtedtiwitthechomeesi te materi al

exhibits a change in tenperature coefficient of
capaci tance of from about - % to about +5 %

R TR %fo%%%f B et aching a

| ayer of the conposite naterlal bet ween a first
electrlcall conductive | ayer, and. a second
é? e%lt ¢ p@l&}qlg, SOTFRYMINTiFENY tg§, g}flnted circuit board of claim 16.

18. An electronic device comprising the capacitor of claim 12.

19. A method for forming a capacitor which comprises:

a) providing a composite material which comprises a blend of a polymer
component and ferroelectric ceramic particles, 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 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,

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; and
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wao bwonssss el ectrically conductive |ayer,

20. The nethod of claim 19 wherein the attaching step
(b) conprises: i) formng a first article conprising

of the conposite material on the first electrically
conductive layer; ii) form ng a second article

conprising the second electrically conductive | ayer,
and a layer of the conposite naterial on the second
electrically conductive layer; and iii) joining the
first article and second article together such that

ﬂeﬁta% %ﬁé}ﬁ? t erohl%om a1¥1§ rlglfbettwhgenf i tﬁ%{ elggthic%ll eis

con 05| % he

S&ﬁ@ﬁ@veﬂé%r@h@ a sadondﬂtwﬂmumdn@jcnob wym 20 wher ei n
step iii) conprises lamnating the first article and

the second article together and/or curing the

' I ol . I 19
I
b fodyias adirstialiticl€ oommsdih e thaeirerdl@ltricily @oadfdtik & layer, and a

electrically conductive |ayer; and ii1) applying a
baeipfdhe rerppesite aratsriad on disciinstaleqtagaly ondectyedwiorace of

h? T]{H%eﬁ[ elg{)/ &C%Jﬁgfgsc'oh@g%g%é @coﬂ@él‘é&n’%éﬁ %ﬁngﬁgc \{6&5}%&,

ricca uctl and

hiaha gt 6Tghé BEmpasits imaddrnt bh ileadcbyndaaduedliyventayee lare
the | ayer of conposite material and the second
&k ctrically conductive layer together, and/or curing

{1{3 thﬁ%gﬁ%\ﬁ&t Qﬁ%oﬁdts% Jrat 1&19 ltoﬁ%eth%?’ c}qgag%ér Igbgag%ogftle )

ereint ftac i ng
apriyl lgeraofltiy Bist aftictehie ircampaes ivith tlmt(ﬁmjmite ant@iahlayer of

first electrically conductive
the second article.

21. The method of claim 20 wherein step iii) comprises laminating the first

article and the second article together and/or curing the composite material layers.

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

1) applying a layer of the composite material onto a first electrically conductive
layer; and

i1) applying a second electrically conductive layer onto a surface of the layer of
composite material which is on the first electrically conductive layer; and

iii) 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 .

23. The method of claim 19 wherein the attaching step (b) comprises:
1) applying a layer of the composite material onto a first electrically conductive

layer; then
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| ayer; thenii) curing the | ayer of conposite material;
and then iii) formng a second electrically conductive

WO 2008038m5 a surface of the conposite material MT/TB2008/073291

surface is opposite the first netal layer, via
sputtering. 24. The method of claim 19 wherein the
epoxy containi ng pol yner conprises a phenol novol ak
epoxy, an epoxy having an aliphatic or aronmatic
hydr ocar bon backbone derived from bi sphenol A or
bi sphenol F, a butadiene-acrylic nodified epoxy or

| Lon reof .. Th thod of claim 19
aﬁggg%ﬁh%E%%?@ggggﬁggi%@%nggsggﬁggparticles conpri se

hiprfotiith g b lsadvati @lecaidaliptbtiiictivé Ripat ¢h a Rafdc B SelcdRipbLim
titanate, or conbinations thereof. 26.The nethod of
Bratarig] whichsuregeds pprosye thankiist mesal layeravig supdgringy of
epoxyreacti ve groups conprises a polyinmde, a

pol yam dei mi de, a pol yvinyl butyral, a

pol TetrhahsdibPigine] 9 aheeactht ¢poxyadoynesiifs polger comprises a
conbi nations thereof. 27. A nethod of formng a

phangt Bevadak NOKY. BoREEY helne An albphstic 9B aroNHEis hydiostibAy a

8@0‘%@8&% @%%‘%? WbiMeQBpA%g blsBh&lofEM: Bitalith@adyRE HSURfd

Clrcul
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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