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DI ELECTRI C BACKGROUND OF THE | NVENTI ON 10 FI ELD OF THE | NVENTMaNKTI005
invention relates to polyneric capacitors. Mre particularly, this
invention pertains to polyneric capacitors embedded within printed circuit
boards or other mcroelectronic devices. The capacitor conprises a pair of
paral |l el conductive foils separated by a dielectric. Each of the foils has
a dielectric layer on its surface, 15 and the dielectric |layers are
attached to one another. The capacitor exhibits excellent void resistance.
DESCRI PTI ON OF THE RELATED ART A capacitor is a device used for introducing
capacitance into a circuit, and 20 functions primarily to store el ectri cal
energy, block the flow of direct current, or permt the flow of alternating
current. They conprise a dielectric naterlal sandwi ched between two
electrically conductive netal |ayers, such as copper foils. In general,
the dielectric material is coupled to the electrically conductive netal 25
layers via arF@HNESTION OB/AN, EMBEMDED&EAPRCWORWLMREQJSM% %ﬂ

patent 5,155, 655 descri bes one nethod for formng a capacitor ereln a
single sheet of a dielectric mateDIELECTRIEN nat ed together with two
conductive foils. To optimze | 7 March 2005 the performance of a
capacitor, it is inmportant that the dielectric nmaterial enployed has good
material properties exhibiting qualities such as superior

BACKGROUND OF THE INVENTION

10  FIELD OF THE INVENTION

This invention relates to polymeric capacitors. More particularly, this invention
- pertains to polymeric capacitors embedded within printed circuit boards or other
microelectronic devices. The capacitor comprises a pair of parallel conductive
foils separated by a dielectric. Each of the foils has a dielectric layer on its surface,
15 and the dielectric layers are attached to one another. The capacitor exhibits

excellent void resistance.

DESCRIFTION OF THE RELATED ART
~ A capacitor is a device used for introducing capacitance into a circuit, and

20  functions primarily to store electrical energy, block the flow of direct current, or

permit the flow of alternating current. They comprise a diclectric material

sandwiched between two electrically conductive metal layers, such as copper

foils.

In gencral, the dielectric material is.coupled to the electrically conductive metal
25 layers via an adhesive layer, by lamination, or by vapor deposition. U.S. patent

5,155,655 describes one method for forming a capacitor wherein a single sheet of

a dielectric material is laminated together with two conductive foils. To optimize




adhesi on, high dielegtric strength and good flexibility. 5 Capacitors' are
comon el enments on printed circuit boards and other m croel 2dfatdhr200S

devi ces. The capacitor is electrically connected either as a discrete

el enent on the circuit board or may be enbedded within the circuit board.

O these options, it has been preferred to formprinted circuit boards:
havi ng enbedded capacitors to maxim ze the surface area of the circuit
board for other 10 purposes. The capacitance of a capacitor depends
primarily on the shape and size of the capacitor |layers and the dielectric
constant of the insulating material. There are various known types of

(rjnlat(:a lﬁff;{' ﬁwnnp% I 3l Sg%?gﬁn%ﬁcqo} %s%&bﬁﬁ?ﬁhﬁm[&ﬁctno ateﬁlélel ectric

as’air vacuum . a solid or a

combi nat i O&nﬂ&?é&ﬂis goEﬂCiﬁhtéiﬁél@id)}ﬁilrtlé},a&ﬂlblﬁng\qﬁalﬂ&fstsh@iﬂhs&{upﬁﬁ@fpert les. 15 In
form ng capacitors for use in printed circuit boards, a dielectric materi al

such as aadjiesion, high dietactricistprigtirand goed flexibiliy. been used. However, the

performance of capacitors of this type has been Iimted by factors such as
the limted mninmmthickness of the dielectric material, which detracts

fromthe f t@,ﬁcttb}sléryc&ﬁmbﬁ%lexﬂ&tsp@pﬁqm&@blraﬁﬂb@&a@mmhh@: capaci tance, the

ef fect of bond enhancers on the netal foils, low dielectric constant and
poor di el emdarpelecttanéhdadvices) frhssamgpmtﬂl@moallifccmqtedaqmmm for a circuit

boar d haV| a high dielectric . constant. and. a thl yer of
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extremely thin dielectric layers is the formation of mcroscopic voids or _
ot her st r uarhbedded dafaeiiors to maxiteize alymsurfa%areemﬁﬂpl airculy bSard7fomttheh 2005
‘patent, 5,161, 086 %OVI des a c?. pacitor | am Esat e havin %ng t hin sheet
of a 10" “purposes. The capacitance ofa capacitor depends primanly on e s ape size
of the capacitor layers and the dielectric constant of the insulating material. There
are various known types of dielectric materials known in the art. For example, the
dielectric material may be a gas, such as air, a vacuum aliquid, a solidora
combination thereof. Each material has its own particular properties.
15
In forming capacitors for use in printed circuit boards, a dielectric material such as
a glass reinforced polymer matrix has been used. However, the performance of
capacitors of this type has been limited by factors such as the limited minimum
thickness of the dielectric material, which detracts from the ﬂexi_bility of the
20  capacitor and attainable capacitance, the effect of bond enhancers on the metal

foils, low dielectric constant and poor dielectric strength.

It is desirable to form a capacitor for a circuit board having a high dielectric
constant and an extremely thin layer of dielectric material, thus increasing the

25  capacitance and flexibility of the capacitor. However, a common problem
frequently associated with such extremely thin dielectric layers is the formation of

microscopic voids or other structural defects in the layer. For example, U.S.




dielectric material between two sheets of conductive foil. Dielectric

| ayers of this type are highly vulnerable to the formati on gfMareti 95 and
are time consunming to detect and renedy. 5 The present invention provides
a capacitor that solves the problens of the prior art. The capacitors of
the present invention conprise a pair of conductive foils, a pair of thin
dielectric layers, with one dielectric |layer on a surface of each of the
~foils. The two conductive foils are pressed together such that the
dielectric layers 10 are attached to one another form ng a single,
honogeneous dielectric. By using two thin dielectric |ayers, any structural

voi ds pres i e, 1.Ndi v - gdi.el riG.d : en the
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di el ectri c didguris matesiahbsetwictn 0wd ghtee sl cohduttiae Foil dDédledtlie1agéh of thigli el ectri c
| ayer is extrene|y rempte. This increases the reliability and physical 15
strengt h oftYRef&e Bighheyulasrablsdo thei fppmaitoacofyoids, prdarstimmetmswmingtPng 1 aws.

Al so,. the 'ﬂqlﬁi ric layers allow for higher capacitance, greater
heat conduél%%\%il y rgg%@&gr eater flexibility of the capacitor. The insulating

dielectsic preferably conprises a thernoplastic polynmer or a thernosetting
-pol ymer having a high dielectric constant, high resistance to thernal
stress and TheRressRidaysbionpseyides asppacitny trsgelvise fhe prpllsms patheqriorof f er a

significant i Fpr i 2 and cost _qve i Qr capacitors

and printe i:iq?lg g%{ﬁ‘;&g{a‘c’rdﬁ gﬁ‘re%eq‘ﬁ@%ﬁ&?gﬁ%“%‘ﬁmw &C#E@}Vﬁ%{{ﬁ@m In

accor dance pwir bbthin GielettriBRas] with ohd\GiclctitRNMhy@on 4 fief6e bBcdehOYided a

capacitor, which is conprised of a pair of electrical lJ{ Iconductl ve foils
1€

conpri si ng feilse dhsdwosgndugtive doilsate aressaddpgether such that the dielectric layers

10 are attached to one another forming a single, homogeneous dielectric. By using
two thin dielectric layers, any structural voids present in one of the individual
dielectric is covered when the other diclectric is adjoined. The likelihood that
each of the two dielectric layers has a void congruent with a void on the other
dielectric layer is extremely remote. This increases the reliability and physical

15 strength of the capacitor and eliminates a source of manufacturing flaws. Also,
the thin dielectric layers allow for higher capacitance, greater heat conductivity
and greater flexibility of the capacitor. The insulating dielectric preferably
comprises a thermoplastic polymer or a thermosetting polymer having a high
dielectric constant, high resistance to thermal stress and low moisture absorptioﬁ. '

20  Together, these factors offer a significant improvement in performance and cost

- over prior art capacitors and printed circuit boards.




| ayer on a surface of the copper substrate which netal |ayer conprises

ni ckel, a pair of dielectric layers, one dielectric |ayer 7B&8%hgd"®n a
surface of each of the netal layers and substantially the entirety of the
dielectric |ayers being attached to one another. In accordance with a
second aspect of the i nverBUMMARNDE PAOVINHEIN a capaci t or whi ch
conprises an electrically conductive foil conprising a copper substrate and
a netal layer on a surface of the copper substrate which netal |ayer

conpri spsacibidhide wathfd fist asie! SCHE! ifvdrmXa! theRiisFrovidbd aaphciiol SwhRha

| ayer, a second dielectric |ayer on substantially the entirety of the

first dlosipstsed pfa paiy ef elaetdcally eondeativiedeild somppisihget ¢opper sibsiratoand ametabcond
dielectric |layer..In cordance .wth a .thir ect of.the.inventi.on. there
s b oVt PRt St o ETCArBRE fipe® Buipahslal Y, st ik SoPI0H ng o
first afigledricagpng deesibledttiathper WRIHAUSH laVRirfatd bf c8AL B tifeORHE Lhpees b | |
conprising a copper substrate ‘and a nmetal |ayer on a surface of" the copper
subst r aubstamtiatly tﬁ@@@lretbf@féhe ddagric fyerstictigattackgsitbpneagnethér r st di el ectric

| ayer onto a surface of the netal |ayer of the first conductive foil;
applying a second dielectric layer onto a surface of the netal |ayer of
the seqan@cG@Mbeckith@ deBbid aspast 4@B iavdrioh! Meresidhsbiabd al dapadifor vanen rety
of the first and second dielectric |layers to one another. An optional
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circuit_ boards conprising the capacitors of the invention. BRI E

DESCRI firstdigleytiqigrenmaan stestricaliyieenducties laygondhasdcond dislestrisrayari on of a
pair of uncoated conductive foils. 4 7 March 2005 Figure 2 is a schematic
representation of a pair of foils, each having a layer of a dielectric

nat eri gh a@forliiiReivAlLs thitdr dsp& of the invention, there is provided a process for forming a

capacitor which comprises providing a first and a second electrically conductive foil, cach

conductive foil comprising a copper substrate and a metal layer on a surface of the copper
substrate which metal layer comprises nickel; applying a first dielectric layer onto a surface
of the metal layer of the first conductive foil; applying a second dielectric layer onto a surface
of the metal layer of the second conductive foil; and then attaching substantially the entircty
of the first and second dielectric layers to one another. An optional reinforcement sheet

maybe inserted between the first and second dielectric layer before attachment.

Also provided are capacitors wherein at least one conductive foil or conductive layer thereof
comprises part of an electrical circuit, a chip carrier, a microelectronic device or printed
circuit boards comprising the capacitors of the invention.”

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic representation of a pair of uncoated conductive foils.




-Figure 3 is a schematic representation of a capacitor having a pair of
attached 5 dielectric layers. Figure 4 is a schematic repregsenraiioon of a
capacitor having a reinforcing layer between a pair of dielectric |ayers.
10 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The i nvention provides
a capacitor which conprises a pair of conductive foils, or a conductive
foil and a conductive layer; and a pair of attached dielectric |layers 15
between the foils or the conductive foil and conductive layer. In a
preferred enbodinent, the invention provides a capacitor which conprises a
pair of "conductive foils and a pair of dielectric |ayers, with one

diel ectrl CHges idPLddmalle FeprabhibAGE ofh pRP6RARL:, LA pAThE A thalkloPaand the

dielectric ["ayers being a to one” ano own~in+tigure 1 is a
pai r of coditletiionparebbdn theiihrer s@rfased 4, prior to 20 application of a
dielectric material. Figure 2 illustrates each of foils 2 and 4 applied
with a layer of a dielectric material 6. The dielectric material 6 is

pref er abl y gl o lle) ing a
Cubst anti aF eSS #shERACrREn RGN o chpdbiortidrh AP CbPid "8 seen i1
Fi gure 2. akldom lay@sess by which the capacitors of this invention may be

~ produced is by applying aliquid dielectric |ayer onto a surface of a
conductive foil, wherein the 1liquid dielectric |layer conprises a

di el [ ' S ' h. 260 be d
oy um ncti Hekebis s REafh SRt hon YR PSR g "

cont i nuousbétexed a pair bhdiclécelcdayers.c material onto a surface of the

conductive foil. A metering device such as a doctor bl ade, slot-die,
reverse roll or other may regul ate
10

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention provides a capacitor which comprises a pair of conductive foils, or
a conductive foil and a conductive layer; and a pair of attached dielectric layers
15 between the foils or the conductive foil and conductive layer. In a preferred -
embodiment, the invention provides a capacitor which comprises a pair of
conductive foils and a pair of dielectric layers, with one dielectric layer beiﬁg ona
surface of each of the mietal foils and the dielectric layers being attached to one
another. Shown in Figure 1 is a pair of conductive metal foils, 2 and 4, prior to
20 application of a dielectric material. Figure 2 illustrates each of foils 2 and 4
applied with a layer of a dielectric material 6. The dielectric material 6 is
preferably directly coated onto each of the foils 2 and 4 forming a substantially

~uniform layer on a complete surface of each foil, as seen in Figure 2.

25 One process by which the capacitors of this invention may be produced is by
applying a liquid dielectric layer onto a surface of a conductive foil, wherein the

liquid dielectric layer comprises a dielectric material and a solvent. Such coating




t he thickness of the dielectric layer. If the dielectric |ayers are

- prepared without a 5 solvent, application techniques includeMmht2005
extrusion in the case where the dielectric can be easily nelted, and vapor
deposition or sputtering in the case the dielectric can be easily

vapori zed and re-condensed. In the case of foils prepared by

el ectrodeposition, where one of the surfaces has a 10 nmatte finish and the
opposi ng .side a shiny finish, the dielectric |layer 6 nmay be coated onto
either the shiny or matte surface of the foil. In the case where a strong
bond between a dielectric |layer and the conductive foil is desired, the

dielectric i,ed: - SJ f . case where
a | owner pr%]faigi%é dgﬁ? gggﬁ?@gbﬁv%%gﬁﬁfgﬁﬁged@%@&%p@héﬁ%ﬁeﬁf}{@%&e of the
foil can beorBmbadiaged dfyhodielkbtrichantetial dnyo b s@TR bt dvnduige failnw e active

surface to enhance the bond strength. Once the dielectric has been applied
‘to foil anBretaningdgvichsudheasia dagtagiblade, slpbdieoreverse slboppthersmay tegglétcher such

that the djeleciri - r.e,att ed..to one another thus .fornmng a
capact tor Uikl of REH-8E kB, A ML R RO IRt Brenatiyith gt Bhe 20
di el ecty i Csdlvde) fpplitdionaadtidued indiedd MEM eRni&ini thé SasBRviRYEthet O evaporate
residual solvent(s) fromthe dielectric material and either partially or

ful |y cur edielgstricgiag|be casilyonelgils Andregpas deplstieonoyr sputb¢ring iortbe edse theapacitor to

. a tenperat rﬁzﬁ%v;rgn% aﬁgUtOlOQf Ef aboHt 600F, for about 1 to about 120
mi nut es. THE A& BROFCRSRRPOBE S AT CPIB%Pti al 1y cured depending on the

end use of the capacitor. After the 25 desired degree of cure is conpleted,

the capacitor is renmoved fromthe oven and cooled. 7 March 2005 In an

al t er nat e bwthe daseeidoilssprepayed by elecmedepbaitibnrwisate bye 6f the tsurdpyss hasvg a | i qui d

0 1SS ol g PGS B R Al B b 0 10,01
- layer of digk&dCdtd Gither the shiny or matte surface of the foil. In the case where a strong

bond between a dielectric layer and the conductive foil is desired, the dielectric

may be applied to the matte side of the foil. In the case where a lower profile

(less rough) surface is desired, the shiny surface of the foil can be mechanically or

15 chemically treated to provide a more active surface to enhance the bond strength.

Once the dielectric has been applied to foil and cut to the desired size, two foils
are pressed together such that the dielectric layers are attached to one another thus
forming a capacitor. This capacitor is shown in Figure 3. After attaching the '
20  dielectric layers, the capacitor is then placed into an oven to evaporate residual
solvent(s) from the dielectric material and either partially or fully cure the
dielectric. Such may be done by subjecting the capacitor to a temperature of from
about 100°F to about 600°F, for about 1 to about 120 minutes. The dielectric may
be fully or partially cured depending on the end use of the capacitor. Afier the
25  desired degrée of cure is completed, the capacitor is removed from the oven and

cooled.




material is applied onto the first dielectric layer and then cured. After
.this second curing step, a conductive layer is then applied7enikdh 2be
second dielectric layer either as a foil or using sputtering, evaporation
or vapor deposition techniques which are well known in the art. The
dielectric layers may be also applied to the conductive foils in the form
of 10 solid sheets. In one enbodinent, a first solid dielectric layer is

| am nated onto a surface of a first conductive foil, a second solid
dielectric layer is then lam nated onto a second conductive foil, and then
the first and second dielectric |layers are |amnated to one anot her.

Al ter nat | ' tive. f.oi f i ielectric sheet,
second sol TiftifiGrit bSIRE Y iRt sy bRl BRI ol S o
sandwi cheddichgeidntesiatiol ARt 60h sohdati Vel Addhed QsfigltBe dieRBirRat i on is

preferably conducted in a press at a tenperature of from about 210 Cto
about  310lager. Kallowing enrdngef the firsh dickdstria lag@n €seepndaysr oPdiglectricani nat i on

maybe con ted. for..fromaboupt 1. mnpnute to ut 60, m putes, preferably
from about g%gerﬁfﬁﬁgge‘i 8“%3@%#”5%“3%’%18%@ *’ﬁ?gﬁ%‘r%‘% ?}‘Bﬁetﬁﬁrsgg@%i s under a
vacuumpf aiﬁdgeﬁ@, a%@n&@ctiv@%}%ﬁis%erﬂ%f 168 YontPihe sBRindld@d1fRE e PA?(ela pressure of
about from about 100 psi to about 400, preferably from abouf 125 psi to

about 300. cither s 8 deitlocusing spudiering revhpgratiomen vapongepasisionitedhaiquehe sane net al
or may co 'rihse di{lﬁcﬁr ent. ggﬁ?_g s. The conductive netals appropriate for

t he pur pos&&eidfe YELIHRVEM ‘i nvention may vary depending on the desired
application. The conductive foils or layers preferably conprise a nateri al
sel ected fromthe group consisting of copper, zinc, brass, chrone,

chr omat es, The digleictria layers ndy bealsolappliedrtozhé/bonduc9d biksiih thedfoym af uni num

~stainl ﬁ)ss ssotlfpaes \‘a'etis.r Pnnbneggnlll()jddh%iellltyg Eiist tséltu? Eiieijcrgtr?c giygrcis alin{l:%ztltie ggto a
surface of a first conductive foil, a second solid dielectric layer is then laminated
onto a second conductive foil, and then the first and second dielectric layers are
laminated to one another. Alternatively, a first conductive foil, a first solid
dielectric sheet, a second solid dielectric sheet, and a second conductive foil are

15  sandwiched together and laminated under heat and pressure. Lamination is-
preferably conducted in a press at a temperature of from about 210 °C to about
310 °C, more preferably from about 230°C to about 290°C. Laminat‘ion may be
conducted for from about 1 minute to about 60 minutes, preferably from about 1
minutes to about 30 minutes. Preferably, the press is under a vacuum of at least

20 - 28 inches of mercury, and maintained at a pressure of about from about 100 psi to

about 400, preferably from about 125 psi to about 300.

Each conductive foil or layer may comprise either the same metal or may

comprise different metals. The conductive metals appropriate for the purposes. of
25  the present invention may vary depending on the desired application. The

conductive foils or layers preferably comprise a material selected from the group

consisting of copper, zinc, brass, chrome, chromates, titanium nitride, nickel,




and alloys thereof Myst preferably, the conductive foils and | ayers
conprise a- copper. The conductive foils and | ayers preferabbwhevmoa

t hi ckness of fromabout 0.5 to about 200 microns, nore preferably from
about 9 to about 70 m crons. The 5 conductive materials used in the
capacitors of this invention may be manufactured wth a shiny side surface
~and a matte surface. Exanples of such conductive nmaterials are disclosed
in US. Patent No. 5,679,230, which is incorporated herein by reference.
10 The dielectric material 6 is preferably formed fromthernosetting

pol ymers, thernDpIastic pol ymers, inorganic conpositions or a conbination

t her eof . p ul ar,| e.dielectric |ayers conpri mat eri al
selected rUmeRaunbEi eicet S eokh sl a MRy S indid oot or
cont ai ni ng aﬁ@lﬁﬂbysﬂlﬁé&of mmm&rammnaaﬁﬁh&uwmeaﬁh Y:@Sis%ﬁ} risohyaryl ene
ethers and fluorinated pol yaréfene ethers 15 avail abl é as FI are from

Honeywel | . [capeerndihie sanductive foilsfandayeys/pieferatdyhatoa ﬂudmessmﬂ fyimiabley,

b I bl e f d I
DO BTl RE A P R b B bt B e
(avail agl e chr@mtivAsaitiAhediGakne caaﬁeiﬂﬁ%fmmm&moﬁ xﬁalwm%ﬁaau&h as
bariumtitanate (BaTi G3), boron nitride (BN), alum num oxide (Al12(3) ,

silica, st mﬂtasmnymﬂanmﬂ'@e and minatteXmirace.oRxamphes of suchcendugtimet z and ot her
ceram c and_ non-cer I nor I.C ri nd, .comhi nati ons, .t her eof .
Aot | ¢t TS EE s s gt Dt Eeredt Nao 5 fal 2o ol Foutitpualia et S
patents 5, $39fefthcand 5, 707 782. O these materials, the nost preferred

dielectric is aliquid ponim'de pol ymer or a mxture of polyimde
polymers. The dry, solid dielectric layer nay conprise about 100% of any of

“the 25 abo C oynds o fures of these or may contain
ot her lgd di & uc matenral gﬁ sy prc?er ?orme )%olfn thermosetting polymers, 4 !

thermoplastlc polymers, inorganic compositions or a combination thereof. More
particularly, the dielectric layers comprise a material selected from the group
consisting of epoxies, polyesters, polyester containing copolymers, aromatic
thermosetting copolyesters, polyarylene ethers and fluorinated polyarylene ethers
15  available as Flare™ from Hdneywell International Inc. of Sunnyvale, California,
polyimides, benzocyclobutenes (available from Dow as Cyclotene), liquid crystal
polymers (available from Kuraray), allylated polyphenylene ethers (available from
Asahi Chemical), amines, inorganic materials such as barium titanate (BaTiOs),
boron nitride (BN), aluminum oxide (ALOs) , silica, Sﬁonﬁhm titanate, barjum
20  strontium titanate, quartz and other ceramic and non-ceramic inorganic materials
and combinations thereof. Aromatic thermosetting copolyesters include those
- described in U.S. patents 5,439,541 and 5,707,782. Of these materials,'thc most
preferred dielectric is a liquid polyimide polymer or a mixture of polyimide
polymers. The dry, solid dielectric layer may comprise about 100% of any of the
25  above compounds or may comprise mixtures of these or may contain other

additives.




7 Mar.ch 2005 Pol yi mi des have high electrical strengths, good insulating
properties, a high softening point and are inert to many chemi®gd 05
Preferred polyimdes will have a glass transition tenperature (Tg) of from
about 160C to about 320C with a glass transition tenperature of from about
190- 270C being preferred. Wien the 5 dielectric |ayers conprise polyneric
materials, they may also optionally conprise a filler material. Preferred
fillers non-exclusively include bariumtitanate (BaTi ), boron nitride,

al um num oxi de, silica, strontiumtitanate, barium strontiumtitanate,
quartz and- ot her ceranm c and non-ceramc fillers and conbinations thereof

f i f di-el ect. 10 mat |
T an anourehgmde srvebhel SuRel Gl el R e S AR o st ric
material, QBfi&iRE ﬁélﬁfﬁm Meﬁﬁ&f@oa}hwchémdx@ m%d%%ﬁyde’éwmmv@ﬁ the

dlelectrlc mat eri al In addition, €éither one or both of the dielectric
| ayers nay glasanmalmpmtedmrabmre;ﬂ"gheﬁrom@bowmc tmalmut 330 Cewithinglasst ri c

opacity or aff.ect contrast erably applied
to theycon&'i?eflp% Wq%t“’z‘fsoﬂﬁl ﬂ‘mtgﬁﬁlﬁ@g‘f b%‘PgP ‘foﬁg‘fe gl?ﬁ f or >c/onﬂ)ol
and uni §or g d1yeyQd 1 &@c@f?}pﬁg‘? ol&ﬁieﬁ%ﬂ’?&'i&als lﬁ@rﬁ% ME(') 8ptiMallly copisal | y have

a viscosity rangi ng from about "5, 000 to aBouf 000 centipoise with a
preferred wf'ﬂtmmatepal'l nPltelﬁtﬂ'reddii@S n@n—tﬁ;l@ﬁ@elym@ﬁ@%unt@mnatpm se. The

pol yrmer soI i.nc e f.rom abput,.10 to abo gand 20 preferabl
5 {0 50" B P nitids: ERER TSRO en g s AR BOUR on conpr | ot ng
one of oI St Blshatel hudré, MaRfiticefhnlibahd Rosbaahf Aabany be used In fhe

pol ymer sol ution. ef UF "sol vent's i nclude acetone, nethyl-ethyl ketone, N
net hyl pyr combihatiens thietdofli Heddoypdratedpanfitier, is brdibldblrymrdmphama divlatéicand

m xtures thereof, A nost preferred l e so t rrolidone.
10 mater?al in an amount%f %’ about %;%nt% a%out éO\{’; by vofume otmﬁ r&YeIec%‘Y |
| material, more preferably from about 10% to about 50% by volume of the
- dielectric material. In addition, either one or both of the dielectric layers may

contain a dye or pigment to impart color, alter dielectric opacity or affect contrast.

15  The dielectric layers are preferably applied to the conductive foils as liquid
polymer solutions to allow for control and uniformity of the polymer thickness.
The solution will typically have a viscosity ranging from about 5,000 to about
35,000 centipoise with a preferred viscosity in the range of 15,000 to 27,000
centipoise. The polymer solution will include from about 10 to about 60% and

20  preferably 15 to 30 wt % polymer with the remaining portion of the solution

* comprising one or more solvents. It is preferred that a single solvent be-used in

the polymer solution. Useful solvents include acetone, methyl-ethyl ketone, N-
methyl pyrrolidone, N,N dimethylformamide, N,N dimethylacetamide and
mixtures thereof. A most preferred single solvent is N- methyl pyrrolidone.

25
Preferably, the dielectric layers have a thickness of from about 2 to about 200

microns, more preferably from about 2 to about 100 microns. Preferably the




25 Preferably, the dielectric layers have a thickness of fromabout 2 to
about 200 'microns, nore preferably from about 2 to about 100 Muargr2005.
Preferably the 9 7 March 2005 dielectric |ayers have a dielectric strength
of at least about 2000 volts per m | thickness, preferably from about 2000
to about 10,000 volts per m| thickness and nore preferably from about
2000 to about 6000 volts per m| thickness. 5 Figure 4 illustrates another
preferred enbodi nent of the invention wherein the capacitor further
incorporates a reinforcing layer 8 in the dielectric layer. The purpose of
the reinforcing layer 8 is to reduce di mensional changes, particularly in

the X, ¥ Pl G058l A5k th00s HQMIOSIIRY SEHLH S35 A0 R TLeal Processi no

| f |ncorpora s rern orC|ng er ‘wou dprior to

attachi ng tiiekdess pi&eﬁﬁ@tﬁ&nfaﬁbdtﬁobowdb&at 18/000 el pertrafl thiekdshahd W t h each
llayer of foil and diel ectric material. Preferred materials for the

r ei nf or ci ngiarepeaferaby-feore Rbait 2809 tq shenuti6R00 Yoltsener mikthickhessh, arami d paper,
pol ybenzoxol ate (PBO) paper, pol ybenzoxol ate fiber or conbi nations
thereof. The preferred thickness of the reinforcing layer is of from about

5 to abput FZRPe AilfisRAkes al®her prefiRl 3Ribsdin @A BRYAveHoh WIRRGH SO 15
mcrons. In the preferred enbodi nent of the invention, the preferred

capaci tanceapﬁtbltomﬁh@@pa@po@tesmgemfomeaslayqBcnﬁhfzﬁ@lepmmx fbee preferably
from about 250 to ' [

bout . 40, 000 pFE/cnR, The acitors of th| I nvention
Ty be. useBIPRSSOAR FRGERe SOoE P e iep AR b R SRS R anpl o,
they may bgeCo qpﬂblaﬁesvwésmtmg FRAPARARH exWiusiind ahdt ehéimcﬁll R5edkBO 1N
r|g|d/erX|bIe ectrical Gircuits, printed circuit boards or other
m cr oel ect meniporated;itisie selafmhngbychwpumme@ce@ner tl dttachipgdle tvee used
10 coated foils 2 and 4, and lammated together with each layer of foil and dielectric

material. Preferred materials for the reinforcing layer non-exclusively include

fiberglass cloth, aramid paper, polybenzoxolate (PBO) paper, polybenzoxolate

fiber or combinations thereof. The preferred thickness of the reinforcing layer is

of from about 5 to about 200 microns, more preferably from about 10 to about 50

15 - microns.

In the preferred embodiment of the invention, the preferred capacitance of the
capacitor is at least about 250 pF/cm’, more preferably from about 250 to about
40,000 pF/em®. The capacitors of this invention may be used in a variety of
20  printed circuit applications. For example, they may be coupled with or embedded
within rigid, flexible or in rigid/flexible electrical circuits, printed circuit boards
or other microelectronic devices such as chip packages. Generally, they are used
by creating a first circuit pattern on the conductive foil layer. A second circuit
pattern may be applied to the polymer surface either in the form of a conductive
25  foil, by electrodeposition, by sputtering, by vapor phase deposition or some other

means. In addition, it may be necessary to generate vias in the capacitor to

10




by creating a first circuit pattern on the conductive foil layer. A second
~circuit pattern may be applied to the polyner surface either Mafchdoesform
of a conductive 25 foil, by el ectrodeposition, by sputtering, by vapor
phase deposition or sonme other neans. In addition, it may be necessary to
generate vias in the capacitor to 10 7 March 2005 el ectrically connect
opposing circuit layers. Furthernore, the use of the capacitors wll
depend upon whether the dielectric layer is partially or fully cured. Once
a capacitor. has been forned, circuit patterns nmay also be created in the 5
conductive foil layer using known etching techniques. In etching, a |ayer

Foi | 1 ayer Coopinly EdiilcBtorBboint il BRGS! rlmbidychBit %3t GRS R *°
resist, thenlpaqie@ﬂe@bﬁtwheﬁmapemaean&qayeﬁtslpmfalryafilfam@ﬂe&r eating a desired
ci reuit pattern. The inmaged capacitor is then exposed to film devel opi ng

chem stry. that selectively renmoves 10 the unwanted unexposed portions. The
capaci tor ey it e contacted wi th kn em cal etchant
baths to r H%?/aeg% 8&%33?%15 %’c foyl pa Wéfnaﬂainﬁ}?erfﬁef’%@mf fial desired
conducts vecqrutevd R lﬁfr’é?®§in§%owﬁ|e&%nge@§llﬁuq€é%nﬂ%éliﬂ{§ 2B é?‘lofl ayer nay
optionally be electrically connected by form ng rough the entire
capaci t or Blmoﬁnﬂgleﬂbigwslstw Hguid materinl ¢t appdicdite d‘le conélmtwafmblay% steps are

f bl duct ed at f.275 [ 1 |t f
Phin ar ol SUSREE Hokive e PRl sUich is SO Brigio s g st h PRSIt i el ot 11 ¢
thi ckness ipbB & @RhicthiNiacréaiis adied crgul biian| o Ralkal s f1 exibl e and

can be readily processed. If defect in coating shoutd occur, the coating
on the ot tmpammre@&eufexnmdmﬁlmde‘f&iopmg\phd:mstryltlhat scisa.lnel)penfowesrance The

PP i B i e B 1
contacted with known chemical etchant baths to remove the exposed conductive
layer, leaving the final desired conductive patterned capacitor. Also, each
conductive metal layer may optionally be electrically connected by forming a hole
through the entire capacitor and filling it with a conductive metal. Lamination

15  steps are preferably conducted at a minimum of 275 °C. This will result in a
uniform, thin dielectric layer of from about 8 to about 12 microns total dielectric
thickness with essentially no voids. The resulting laminate is flexible and can be
readily processed. If a defect in coating should occur, the coating on the other
piece of conductive foil will still insure performance. The capacitor may form a

20  part of a printed circuit board, a part of a carrier for a microelectronic device such

~ as a chip.
The following non-limiting examples serve to illustrate the invention.

25
EXAMPLE 1

11




as a.chip. The following non-limting exanples serve to illustrate the

i nvention. 25 EXAMPLE 1 11 7 March 2005 A roll of el ectrodepdsirsed035

m cron, one ounce copper foil, 0.64 nmeters in width is nounted on an
unwind roller. A sanmple of the foil is taken as a 0.3 mx 0.3 m out and
wei ghed to establish the foil base weight. The foil is threaded through
tensioning rollers and into an oven, through idler rollers, and onto a
rewmind roller. 5 The foil is then tensioned to 4 pounds per inch width. IR
heat sources in the oven are set at 150C, 232C and 316C in three different
zones and allowed to stabilize. A drive notor on the rewind roller is

Cracking ¢ A B ToodemdpESS niipr: e vee pokAt S0baI Gh ARG thodil & o

adj ust ed t @ B8 bh 48 unWind HHES A ¥andite %Pﬂiétfoﬂl(?s P20 687h kP3G Wi th
N-nmet hyl pyrrolidone in a stainless steel mxing vat. The polyim de

~sol ution i susandpiéighied to catabilispdn $vibhaseyucight. dihg fail fis thmaded tippugixi mately 50
mcrons is | ied oth ny si t V|n 0|I usin avity and
The 1 qut BB fieroGreabg oy gy tBisas g PFtednd G0 ATRSBAIPIR ade |s
adj ust egl tq*h@&”&@ikctﬁe@teﬁbnéd ﬂorﬁ ﬁglmﬂg’ B bR B3 thnm ﬂéaﬁg&ﬁéé in théSHn I Ng in a
fl exi ble conposite ha ymer f| mint ness of about

in
7.6.m cronsres&.tatolrﬂOl(aL&iﬁCIanQGﬂ Glmaﬂrdeeilﬁ'bmnmmhes'mkmatEvcﬁdtdanned mat eri al

is maintain on,the upstream si de ,of the doct | ade.to maintain a
const ant 5%281%‘15’6’ PR QR FF‘?Wmflﬁ?l&?(d%E%ga&ﬁ‘gﬂ%‘F’FWN ree of included

air bubbl eﬁ'leters/mmute. Edge guides are enabled and proper tracking through the oven is
confirmed. A liquid polyimide resin is adjusted to 25% solids, a viscosity of about
10 20,000 centipose, with N-methylpyrrolidone in a stainless steel mixing vat. The
polyimide solution is supplied to a dispensing system and a film of approximately
50 microns is applied to the shiny side of the moving foil using gravity and the

liquid polymer viscosity as dispensing forces.

15 A doctor blade is adjusted to produce a wet film of 43 microns in thickness,
resulting in a flexible composite having a dried polymer film in thickness of about
7.6 microns. A continuous liquid head height and volume of dammed material is
maintained on the upstream side of the doctor blade to maintain a constant
flexible composite film thickness and a film free of included air bubbles.

20
The solvent is evaporated off and the polymer is cured in an oven. As the coated
foi! first enters the oven, an initial temperature drop should be anticipated. Once
steady state temperatures are achieved in the oven, film thickness is checked by
taking a foil sample and comparing the coated weight to the base weight of the

25  foil using the polyimide density to convert from weight to film thickness.
Adjustments to the rate of polyimide dispensed and or doctor blade height over

the foil are made based on this measurement. This process is repeated until the

12




20 The solvent is evaporated off and the polyner is cured in an oven. As

- the coated  foil first enters the oven, an initial tenperatuffaath®e0shoul d
be anticipated. Once steady state tenperatures are achieved in the oven,
filmthickness is checked by taking a foil sanple and conparing the coated
wei ght to the base weight of the 25 foil using the polyimde density to
convert fromweight to filmthickness. Adjustnents to the rate of polyimde
di spensed and or doctor blade height over the foil are nade based on this
measurenent. This process is repeated until the 12 7 March 2005 desired
filmthickness is attained. A capacitor is fornmed by |am nating two pieces
of this co fall i j C nd. 150 psi faor 30

i nut es. Tz Bl idinfeeld 8, s BESS0) g SRRRIRDHe R0 plells,

capaci tor pfdadsicegedpiltiNahydtilio Gréssat 2RI a1 3B fof 30 hniduddseThe Wi t h semi -
cured pol yi m de containing 2-3%residual solvent. The capacitor is cut to
size and.presetsswdler yasupmydra8 iachesiaf @aicyr. t he copper. The resul ting
capacitor "core" is visually inspected and then electrically tested for
shorting at 500 volts. Resulting capacitor layers will have a capacitance

of at |eastThé2fhdeftbeprddadd by tHisah@ifibd inclubls BIGAIHD W1 9bisatieth fniat | east
2000 volts/m|. EXAVPLE 2 Exanple 1 is repeated except "the polyner is

| oaded wi t Kusd pebiimis contsining Ar3% Sesiduahsnivent( Bha cgRicitoCssatiosigece | s

ot eased (g, Block8aPlo Fde RS 1 b0 oBpdk TR rest O AR} Mol 0t i €

visually inspected and then electrically tested for shorting at 500 volts. Resulting
capacitor layers will have a capacitance of at least 250 pF/cm? and a dielectric

10 breakdown voltage of at least 2000 volts/mil.

EXAMPLE 2

Example 1 is repeated except the polymer is loaded with 50 volume % barium
15 titanate (BaTiQ;). Capacitance is increased to at least 2.0 nF/cm? with at least
1000 volts/mil dielectric breakdown voltage.

EXAMPLE 3
20
‘ Example 1 is repeated except a 10 micron sheet of p-phenylene-2,6-
benzobisoxazole paper is laminated between the polyimide surfaces of the coated
copper. Resulting product has improved dimensional stability and tear resistance.
Capacitance is at least 100 pF/cm® and a dielectric breakdown voltage is at least

25 2500 volts/mil.

13




Exanple 1 is repeated except a 10 m cron sheet of p-phenyl ene-2, 6-

- bénzobi soxazol e paper is |am nated between the polyimde surffatesh hst he

~ coated copper. Resulting product has inproved di nensional stability and
tear resistance. Capacitance is at |east 100 pF/cn2 and a dielectric
breakdown voltage is at least 25 2500 volts/ml. 13 7 March 2005 EXAMPLE 4
Exanpl e 3 is repeated except the polyimde is |oaded with 50 vol une %
barium titanate. Capacitance is at |east 500 pF/ cn2 and a dielectric
breakdown voltage is 5 at |east 1500 volts/m|. EXAMPLE 5 Exanple 2 is
repeated except boron nitride is used as the fill material. 10 Capacitance
is at least 325 pF/cn2 with a bre |[tage of at |east 1000
volts/m|. EXAMPLE 6 15 Exanple 1%£gg$@%§§#ed except lam nation is done
using a continuous hot roll lamnation process at 300C and 300 psi). The

product is subjected to a post |am nation oven bake to achieve final cure.
EXAMPLE 7 Zﬁlaﬁmmwereneat@i wxsppidhe dolyiuidp s loeded wih 56 vebmec %i baniuan extru5| on

t d d Afill
gggxf : ugg d t%mla {%aglgﬁcg ﬂ#ﬂ%@sp é@? %l?()ﬁ\%gﬁ% gﬁlelé)crtr(l)g reakdown {foltaes'\g[: is

5  atleast 1500 volts/mil.

EXAMPIE S

Example 2 is repeated except boron nitride is used as the fill material.

10 Capacitance is at least 325 pF/cm” with a breakdown voltage of at least 1000

volts/mil.

EXAMPLE 6

15  Example 1 is repeated except lamination is done using a continuous hot roll
lamination process at 300°C and 300 psi). The product is subjected to a post

lamination oven bake to achieve final cure.

EXAMPLE 7
20
~ Exarnple 1 is repeated except coating is done with an extrusion coater and
lamination is done by a nip roller process. A filler is coextruded with the
polyimide. |
25 EXAMPLE 8

Example 1 is repeated except the shiny side of the foil is treated with nodules to

14




Exanple 1 is repeated except the shiny side of the foil is treated with
nodul es to 14 7 March 2005 i nprove nechani cal adhesi on to theNMatiytassde.
‘Maxi mum nodul e size is less than 120 micro inches to avoid the possibility
of high potential failures. EXAMPLE 9 Exanple 4 is repeated except that
nanofi bers (such as PBO) are incorporated into the polyimde at up to 30
volume % This inproves the dinensional stability and tear resistance. The

- -nanofi ber. pulp is processed along with the polyimde using a mechanical

met hod to break down the fibers (such as a ball mll). Bariumtitanate 10
is mxed in with another part of the polyimde using a high shear m xture.

The two ¢ . . 1 xed usi a.l ow, shear m xer.
The pol yi mipBt et tnEaladiEor AL BEIARE, M Bhet 3o e hisshifoa of
exanmpl e 1. 1BXANBERNdkks1S adoid @PpsbilitgdE hidhPotertaPREhrds0i | i s treated on a
matte side of the foil by the addition of copper nodules that are

subsequent|ly encapsul ated. A layer of zinc chromate is applied to both .t he

matte and shiny. To the nmatte sid n ic layer is applied to prevent
spots and ganma- am no- propyl tri em@%ﬁgne is 20 applied to the shiny
side tospronote adhesion to the polyimde. A polyimde resin that is

di ssolved in N-nethyl pyrrolidinone (NW) is applied to the shiny side. A
bl ade coat &Exaapld 4 isrepeatadraxtentithal anofibers (such o PB( btedscorpbratedsiotovent i s

coat e 1 of fieebPifle #aPdh 3Prvous B e chpRaed e imanstofl F66Ts0and ™ £or 30

- monutes. Thar RsRSmct S THOAR/oibREPUPiOproRbsskd adhe AtH tHE PERiRideWBingy V- The
mechanical method to break down the fibers (such as a ball mill). Barium titanate

10 is mixed in with another part of the polyimide using a high shear mixture. The two
components are added together and mixed using a low shear mixer. The polyimide

with the two fillers are then coated using the method of example 1.

EXAMPLE 10
15
A sample of one ounce copper foil is treated on a matte side of the foil by the
addition of copper nodules that are subsequently encapsulated. A layer of zinc
chromate is applie& to both the matte and shiny. To the matte side an organic
layer is applied to prevent spots and gamma-amino-propyl triethoxy silane is

20  applied to the shiny side to promote adhesion to the polyimide.

A polyimide resin that is dissolved in N-methyl pyrrolidinone (NMP) is applied to
the shiny'side. A blade coater delivers a uniform coating free of bubbles. The
solvent is evaporated off, and the resin is cured in an oven. Two pieces of this

25  coated foil are laminated in a hydraulic press at 275 °C and 150 psi for 30
minutes. The press is under vacuum of at least 28 inches of mercury. The

resulting laminate is cut to size and processed through known manufacturing

15




resul.ting lamnate is cut to size and processed through known manufacturing
15 7 March 2005 techniques to inpart a specific pattern in thezamees for
the capacitors. This is done by the surface preparation of the copper by
acid clean and water rinse, and application of a photosensitive resist. A
desired pattern is used in a UV exposure unit to expose the resist. Wth a
. negative working resist the exposed area is 5 crosslinked and will not be
"~ devel oped away and will protect the copper during etching. After
devel opi ng by sodi um carbonate and etching in cupric chloride, the resist
- i-s stripped away usi ng potassi um hydroxi de | eaving the desired copper

b ectr i cal SR b0 Pk APRELITR pafBln e HobdPlrthd ORRERETIHLR ("Gone
500 vol ts [done b§ thWiurfacé pRpaaeseot thetéppdr ty hciibdeandeRRvaar fihdelhay | Y shown

and described with reference to preferred enbodinents, it will be readily
appr eci at e@pbljcation b aghotosensitivgrgsisfk Al desired paftermistusethint a UM exnesurshanges and

di ficati de . wi d i ng f h iri d f
The. | nvent (OR OB B Faiati b Rhet e Morkiheab i hOSmRBH Biafid 1o cover
the di s§l ogseskspriRadind&¥itl.not b@a@veadﬁegrgw?yiaﬁsw k&bt ﬂ'i@é’%g_@?%ﬂil% scussed.

above and all equival ents thereto. March 2005 CLAI capaci tor,
whi ch is cetpbms édieptleeelpping by sodimerrtionatel apd ctohéhginicupri¢ ohlogide,ghpri si ng a
copper subsé risgt.e tlalnd netal |ayer.on a surfice.of ttée.c pper substrate
which et al TRy P PREMPYPENERLesm by daride faviedhe S¢5ire CaIEr s, one

di el ectri cph@afl TReHBEIAS capatitbr Ar€isHfisfyIngkcted and then electrically

tested for shorting. This high potential testing is done at 500 volts DC.
10
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
15  claims be interpreted to cover the disclosed embodiment, those alternatives which

have been discussed above and all equivalents thereto.
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the netal layers and substantially the entirety of the dielectric |ayers
bei ng attached to one another. 2. The capacitor of claim1l ®\seia00$he
“dielectric layers have a dielectric strength of at |east about 2000 volts
per ml thickness. 3. The capacitor of claiml or 2, wherein the dielectric
layers conprise a material selected fromthe group consisting of

t her ros®L AIMS: pol yners, thernoplastic polyners, inorganic materials, and
conbi nati.ons thereof. 4. The capacitor of claim1 or 2, wherein the
dielectric layers conprise a material selected fromthe group consisting

of epoxi es I i

ot hor o 37 ud¥ apsERbERicre CHERHE Gl & (e ORG otiftctive AR RIS

| i qui d coppersiubbtrate agdrarmetahldyyt at eﬁsmfnlcyplﬁem/ kepper eubmnmﬁa whivhn@stal &ayer

combi nati ons th capaci t or claim1l or. 2 wher |.ea t one
of t he QPEFISE PP =Iaa%¥%f%g]ﬁﬁ‘ifﬁ°g%%em 256 el%%% af‘aﬁang%?ga C@Cﬁ% .

The capRe ie®l 18ershdl §ﬂb§ta¥lﬂ§l‘[ﬁﬂi& fiBety HIHBA B efeciRd fa&b@'behﬂk gtach&p®d oﬁ’@e Of
the dielectric” layers is sel'ected fromthe group consisting of ceramcs,

bar i umanpthgnat e, boron nitride, alunmi numoxide, silica, strontium
titanate, bariumstrontiumtitanate, quartz, and conbinations thereof. 7.
The capacitor of any one of the preceding clains, wherein the conposition

of at Ixast Thengpaitol bE clirt!1ewhérets tha R &tiiS 2 Fy@:@ufalvsedhaéctac RetigRbf and a
filler. 17 7 I\/arch 2005 8. The capacitor of claim7 wherein the filler in

the di deastabous20Q0 wlis@er mal thicknesshe group consisting of ceramics, barium
titanate, boron nitride, alum numoxide, silica, strontium titanate,
barium strontiumtitanate, quartz, nonceram c fillers and conbi nations
t hereofd. 9. Theecapagiagidfoclaid ICbAaIZNwhedsin Ghe Whledia 1hyes fcolnpéike lasmptegigent i n
an anount of from about

selected from the group consisting of thermosetting polymers, thermoplastic polymers,

inorganic materials, and combinations thereof.

4, The capacitor of claim 1 or 2, wherein the dielectric layers comprise a material
selected from the group consisting of epoxies, polyesters, polyester containing copolymers,
polyarylene ethers, fluorinated polyarylene ethers, polyimides, benzocyclobutenes, liguid

crystal polymers, allylated polyphenylene ethers, amines, and combinations thereof.

5. The capacitor of claim 1 or 2 wherein at least one of the dielectric layers comprises

about 100% of an inorganic material.

6. The capacitor of claim 5 wherein the inorganic material in at least one of the dielectric
layers is selected from the group consisting of ceramics, barium titanate, boron nitride,
aluminum oxide, silica, strontium titanate, barium strontium titanate, quartz, and
combinations thereof.

7. The capacitor of any one of the preceding claims, wherein the composition of at least

one of the dielectric layers is comprised of a polymer and a filler.
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5% to about 80% by volunme of the dielectric layer. 10. The capacitor of any
ohe of the preceding clains, wherein each of the conductive fdadrch20DRhs a

t hi ckness of from about 0.5 to about 200 microns. 11. The capacitor of any
one of the preceding clains, wherein each of the dielectric |ayers has a

t hi ckness of from about 2 to about 200 microns. 12. The capacitor of any

one of g he prRCaFIdNIr 6f BlaliB 7 WIRLIRIRE BlIEShhOARIREId 18 %6kctbd froh R Pt ed
in the dielectric layer. 13. The capacitor of claim 12, wherein the

r ei nf orconsigfinigag® cenapnes; ibagumf titsoatgl heron pitgds;  alumpipiuyb exidex siligt.estpwbiem  or
conbi nations,therepf..14.. The capacitar of one of,1h recedi ng cl ai ns,
wht on el prTh o b SRREorSafic Bl BF efpooRAREEN O, O,
whi ch conprises an electrically conductive foil conprising a copper
substrate and a netal |ayer _on a surface of the copper substrate which

met al 1%ayer Th6ieppaciies of efpiak &jor 8qwhereiiy the fillenistnresent iasyanging oS fipmabaulf t he

net al Lsg/g%&bgﬁteg(??;%?q,oﬂh% SELE hl%%écg?/cg%%,&p substantially the entirety of

the fi I"ayer and a rically conductive |ayer on the
.second dielectric layer. 16. The capacitor of claim 15 wherein the

conductive | ayer is applied on the second . dielectric, |ayer by sputtering,
evapor a0 on T8 coRgsHPT Hepysqneiab the H‘S"eﬁ%‘ﬁélﬁ’sﬂ BTGW“‘TI‘?Z}I}E%FQ&%?‘F&F S ol af m

15 or Shgsam%ggbftmn%g&qw@ova@,o{lmrm&myi ses a foil. 18. A process for
form ng a capacitor which conprises providing a first and a second

el ectrically conductive foil, each conductive foil conprising a copper
substrate a a netal .|ayer a surface of the co r .subst.rat.e,whi ch
metal 1yer (Bggapicus of piae. O DS Staic Sohs, phCeei R o e RelsERe YL 2
sur f ac§,94 tHiNigeSPS Bkorh @YUt 20b ab&id 200 hsikromenduct i ve foil; applying a second

12.  The capacitor of any one of the preceding claims, wherein a reinforcing layer is

incorporated in the dielectric layer.

13.  The capacitor of claim 12, wherein the reinforcing layer comprises fiberglass, paper,

polybenzoxolate paper, or combinations thereof.

14, The capacitor of any one of the preceding claims, which has a capacitance of at least

about 250 pF/cmz.

15. A capacitor which comprises an electrically conductive foil comprising a copper
substrate and a metal layer on a surface of the copper substrate which metal layer comprises
nickel, a first dielectric Iayer on a surface of the metal layer, a second dielectric layer on
substantially the entirety of the first dielectric layer and an electrically conductive layer on the

second dielectric layer.

16.  The capacitor of claim 15 wherein the conductive layer is applied on the second

dielectric layer by sputtering, evaporation or vapor deposition.
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dielectric layer onto a surface of the netal |ayer of the second conductive
foil; and then attaching substantially the entirety of the fiMssdh 208
second dielectric layers to one another. 19. The process of claim 18
wherein the first and second dielectric layers are applied as |iquids onto
the first and second conductive foils. 20. The process of claim 18, wherein
the firgt anthes@psidr df @he15 bf14, MRS MHecoRBMtiveTayRP cothpiddes dFo@Nt 0 the
first and second conductive foils and then at |east partially dried. 21.
The process of claim 18, wherein the first and second dielectric |ayers are

in the f,orm, of sheets.which are |amnated to.the first apd, secaond
conductifve. ForesSPrtpliling s Bt B WARL Sorhalisgy Poct/difh PR BT Foornd ana
second efiécgii@elyrdondhave msiladaeh cohdwrtive doit Qoﬁpﬁsiﬁ@@tthﬁ etbyubb@dte Rl iaofetal 3.
The capacitor of _any one of clains 1 to 14, in which at_|east one of the
conductlixes onfagiurigee efnihe cerper substate velicl metdl daster peraprises pidkek: applyingpnidrst
capacit . | | i . t,
conductedtip B 818 auficeterhe ol Byerordh MY HaRe TR apBfelf sy

Ci r cui tdiel@@ric Aeyer iontced sarfaceuof theaaetdl Vdyec bf clonmecaeks coriaciivapfudl; tand thén any

one of cl gi.ns to .17, and 23 d.24. 26. A ,chip carrier for

i cr oe|a§e$fﬂ%§@stf@9%étwwycﬁaﬁﬁ? fizst gn WE%@&L%CFH?IamrS frecietheps el ai ms 1
to 17, 23 and 24. 19 FORMATI ON OF AN EMBEDDED CAPACI TOR PLANE USI NG A
THI N DI ELECTRI C ABSTRACT A capacitor, which is conprised of a pair of
conductl9ve fldicl woesae bf hiaim 1§ wherein the first and second dielectric layers are applied as

liquids onto the first and second conductive foils.

20.  The process of claim 18, wherein the first and second dielectric layers are applied as

liquids onto the first and second conductive foils and then at least partially dried.

21. The process of claim 18, wherein the first and second dielectric layers are in the form

of sheets which are laminated to the first and second conductive foils.

22,  The process of claim 18 or 21, wherein the first and second dielectric layers are

* attached to one another by lamination.

23,  The capacitor of any one of claims 1 to 14, in which at least one of the conductive

foils comprises a part of an electrical circuit.

24. The capacitor of any one of claims 15 to 17, in which at least one of the conductive

- foil or conductive layer comprises a part of an electrical circuit.

25. A printed circuit board which comprises the capacitor of any one of claims 1 to 17,

and 23 and 24.

26. A chip carrier for microelectronic device which comprises the capacitor of any one
ofclaims 1 to 17, 23 and 24.
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dielegtric layer on its surface, wherein the dielectric |layers are attached
to one another. In one process for its production, a capaci 7dfar¢hs200%Hr ned
by applying a first dielectric layer onto a surface of a first conductive
foil; applying a second dielectric |ayer onto a surface of a second
conductive foil; and then attaching the first and second dielectric |ayers
to one another. The resulting capacitor exhibits excellent void

resistance. FHORMMIION OF AN EMBEDDED CAPACITOR PLANE USING
: , A THIN DIELECTRIC

ABSTRACT
A capacitor, which is comprised of a p_air of conductive foils each having a
 dielectric layer on its surface, wherein the diclectric layers are attached to one
another. In one process for its production, a capacitor is formed by applying a
5  first dielectric layer onto a surface of a first conductive foil; applying a second
dielectric layer onto a surface of a second conductive foil; and then attaching the
first and second dielectric layers to one another. The resulting capacitor exhibits

excellent void resistance.

Fig. 4
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