WD 03/ 041096 PCT/ US02/ 35261 THI N FI LM CAPACI TOR USI NG CONDUCTI VE POLYMERS
BACKGROUND OF THE I NVENTION 5 The present invention relates to stacks of
thin fil nwowsmdioas capacitors. It is well known in el ectPemiuSows26uits to
use capacitors. Printed circuit boards (PCBs) have a limtation of using
roll formor powder/ electrolytic capacitors suspended over or under the
board. It would be 10 desirable to have a flat capacitor that can be
attached dlrectlyl. | §J with
adequate el ectri cHd il g an obj ect of
the invention to provi de BN{IK@ROWDIC@IFQTHE |NvﬂNEr|(bNen di scovered that
this object can be net by a capacitor 15 that includes alternating |ayers
of tantabPum pent ohhelpresenhinysnii b%ﬁ*{eé@éé%kﬁrﬂft@ﬁ flmsused@8 |y conducti ve
pol ynmer fllr@?%;@ %s H C. Starck, Inc. Baytron(r) line of

pol yt hi ophen@ 2 “pol yners. Advant ageously, many types of thin
conductive pf)l y et isf wellrknown il electredic CHIMMRY uSE capBcitowERTIN@d 20 The
invention relates to a thin apaci tor that c udes substrate,
(b) a first GYEMiRoards qu;ﬁﬁ):B@fﬁ?i'Wﬁ@%%%P%‘erp WO&BH@@%E’. ve pol yner
| ocated on R{l@ﬁ&?ﬁ#&ﬁé&uﬁ@ RISV Or LRUEF theebeabiedt hogrbdie  group

consi sting of tan ent OXI ni obi um pent oxi de, and m xt ures
t her eof 10 ocxia&wﬁbtmtoaha;\waﬂeécanamﬂoetﬁat cen heoatiaaheddirgatiynto thy baard25 second

pol yneric fil onduc rface of the
pent oxi de | &)/ LE &éﬁﬂ%ﬁ %@# d%&éé@ﬁgégggéﬁgg?%g%?id;tures
aspects, andstagignt A98sc9fit ishm djestsTithe invepitibh @B provide Bacloae bett er
understood with reference to the fol | ow ng 30 description and appended

cl ai ns, whereapaeitgr. 1 shows schematically an enbodi nent of a capacitor made
in It has been discovered that this object can be met by a capacitor

15 that includes alternating layers of tantalum pentoxide or niobium pentoxide
and an electrically conductive polymer film such as H.C. Starck, Inc.’s
Baytron® line of polythiophene-based polymers. Advantageously, many
types of thin conductive polymer films can be used.

SUMMARY OF THE INVENTION

20 The invention relates to a thin film capacitor that includes (a) a

substrate, (b) a first polymeric film comprising an electrically conductive
polymer located on the substrate, (c) a pentoxide layer selected from the
group consisting of tantalum pentoxide, or niobium pentoxide, and
mixtures thereof, located on a surface of the first polymeric film, (d) a

25 second polymeric film comprising a conductive polymer located on a
surface of the pentoxide layer.

DESCRIPTION OF THE FIGURES
These and other features, aspects, and advantages of the present

invention will become better understood with reference to the following
30 description and appended claims, where:
Fig. 1 shows schematically an embodiment of a capacitor made in

accordance with the invention;



accordance wth the invention; WO 03/041096 PCT/ US02/ 35261 -2 Fig. 2 is a
phot ograph of such a capacitor; Figs. 3a, and 3b show schenmatically seri al
and par alwelozmerpecti ons of a conductive pol y(3, 4-et hyl erediuseysizebphene)
film(Baytron) oxide array with 3 layers. 5 DESCRI PTI ON OF THE | NVENTI ON
The invention relates to a thin filmcapa@-tor conprising (a) a substrate,
(b) a first polyneric filmconprising a conductive polyner |ocated on the

substrate, (c) a pigNRoxaghotdyraphtkach atapaeitdr he group consisting of
t ant al um pent oxi de, or ni obi um pent oxi de, and m xtures 10 t hereof, and (d)

a second pol ymer i £igsi 3an ahdp ISBPWQSCQeHIﬂﬁ'GQU:\( serial god\pasallel coppeeiPiin t he
t de | t d
Pecor dance. v hopRRd BEh(@ AR hiSHIE Mk Ao a8 D020 L or 1o

be used in iarsay withr8llegermppl i cati on. General |y, the substrate is a non 15
conductive substrate and Cﬁmmmm@l s such as vinyl
pol yrrers5 ol efin polyners t hi ckness of the
substrate [s gencrAblnyeftiohf@mtetoiniARflibabadiorBBmcng ¥ gkness of the

substrate can vary y, dependi ng on application nh’one
enbodi nent , $utest|tdhedbmasfystmigwrrb|fd1ma@lfmn$lr@ aponduetb@polymam 20 A

pol ymeric f n_inpclude. an ectr con | V, whi ch when
used in accoIPBQ O vfhenS‘?‘?%é"%t%\)(ELﬁP&H o c’pa%l'yggs? fré&s fi?fﬁ%%&“’%. nfilm
capaci t or t ocdixsistiRCof tAntdlsmiptinesdds dtsfobiprapantesidef asdimimtotes conducti ve
pol yners include pol yaniline-based pol yners, polypyrrol e- based pol yners,

pol yet hyllenetyer aa@é@) PELGORT BOlYFEINgtim SomnTising 3 sendaciie PORMEr and
mxt_ures or Icéggfgdy&?{r% 6&%5%% g’é}ese polymers are well known in the art.
vant'ageous con

Particularly I've polymers are included in the
The substrate can be any substrate, which when used in

accordance with the invention, enables the resulting thin film capacitor to
be used in its intended application. Generally, the substrate is a non-

15 conductive substrate and can be selected from materials such as vinyl
polymers, olefin polymers or polyester polymers. The thickness of the
substrate is generally at least about about 0.01 mm. The thickness of the
substrate can vary widely, depending on the application. In one
embodiment, the thickness ranges from about 0.01 to about 1mm.

20 A polymeric film can include any electrically conductive polymer,
which when used in accordance with the invention, enables the resuiting
thin film capacitor to be used in its intended use. Examples of suitable
conductive polymers include polyaniline-based polymers, polypyrrole-
based polymers, polyethyleneoxide-based polymers, polythiophene-based

25 polymers, and mixtures or copolymers thereof. These polymers are well
known in the art.

Particularly advantageous conductive polymers are included in the
BAYTRON® line of conductive polymers, available from H.C. Starck, Inc,
preferably conductive poly(3,4ethylene dioxythiophene), as described in

30 US. Patent 5,035,926, incorporated herein in its entirety. Such polymers
are preferably synthesized by mixing the corresponding monomer in

solution with iron(lll)p-toluenesulfonate held in organic solvents such as



BAYTRON(r) line of conductive polyners, available fromH C. Starck, Inc,
preferably conductive poly(3, 4et hyl ene di oxyt hi ophene), as described in 30
US. Pat erw0330889026, incorporated herein in its entiretyPCBIsSa2/pabyners
are preferably synthesized by m xi ng the correspondi ng nononer in solution
with iron(l11)p-toluenesul fonate held in-8r-gani c solvents such as WO

03/ 041096 PCT/ US02/ 35261 -3 isopropanol or ethanol. Wen pol ynerized, an

iron salt prigspRibhAbEorRRRSAGISWHEH SOlyhieriz8aDae HoR $al@rédipiateidppenrd er . The
conductive polyner can also be provided as an aqueous solution in the

presence of woich(srgmeved by mashingwiteyaler dhe ustivespalyensr can@lso

S ST SRR 2 HUBRGe SHRRPRH o, PRKRRE B XL 1

conductivit I'gh stability, and easy

processi ng. pdig(styrehesuifonicasit) waichwsereés a$ hMOmtamhzer iGurleralty, but are
not Ilmted to antistatic coating qf. RI astics, . ﬁhliltatlc coatipng of
gl ass, ePectthese &PP@U@B’&P‘HWSFS %’F'HQ'F ) CQ%%S'&HYW» ERFRABACY tnant al um

and al uni nu [ d t (PCBs),
and pol ymer rq”' ﬂ[ﬁ ti nbfﬁgpggmﬁ %g%’ﬁm&‘r’é eTE%(rf:I HIS a})%"@& erﬁ(zf preferred
pol yner, BathtesevpoRimers mciudabuéa[smptdlnyltmitoohrﬂismm matmgaaf p@eﬂlcb; ts good
adhesi on. [} essar %dhem 0 82 rov d bsﬁ addi t i n of binders.
Such an aque?ﬁbS tf osting g iglass rI°57°‘ lﬁ[ﬁq 0908 PASlS? | @RATHECYI ass
surfaces, e. &ectr@aega(tambmﬁ ahd alumﬁmmyltmau?mw platifg of phAgRccire t hus
environnmental ly friendly. The conductiVve nmer 1s generally combined wth

sui t abl d0bi nRards (PEBst.cand pejymex siaht @wt@ng d@ﬁf‘aébfﬁﬂiaYﬁ nders i ncl ude but are

not limted to p “ tyrate,

pol yacryl at es, @I"é ?ﬁggﬁ@ﬁ’éﬁhgne §94f¥ﬁ§5%%%& agdrﬂy omaril e,

pol yvi nyl Chbque@l@s p8@n@|d{§pﬁr§|dh&h8te>mtblwgmﬁedl®e3|ml Lfe'tdaessarypol yesters,
silicones, pyrrole/acecrylate, vinyl acetatel acrélg% , et hyl ene/ vi nyl

acetate cop@ﬂ?ﬁ%‘% caﬁd?eymnrﬁwd BY @sdiion ofpirders; AN 3AUePUSonduct i ve
polymeric filbjessi@h eealilartietd3Plastic and glass surfaces, e.g., by printing

15  or spraying, and is water-based and thus environmentally friendly.

The conductive polymer is generally combined with suitable binders
for coating. Examples of suitable binders include but are not limited to
polyvinyl acetate, polycarbonate, polyvinyl butyrate, polyacrylates,
polymethacrylates, polystyrene, polyacrylonitrile, polyvinyl chloride,

20 polybutadiene, polyisoprene, polyethers, polyesters, silicones,
pyrrole/acecrylate, vinyl acetate/acrylate, ethylene/vinyl acetate
copolymers, poly vinyl alcohols.

The thickness of a conductive polymeric film is generally at least
about 50 nanometers and preferably ranges from about 100 nanometers

25 to about 10 micrometers, depending on the application.

In one embodiment, the invention relates to a thin film capacitor
including (a) a substrate, (b) a first polymeric conductive layer located on a
surface of the substrate and (c) a plurality of alternating pentoxide
layer/polymeric conductive layers extending from the first polymeric layer,

30 wherein the total number of pentoxide layers is n and the total number of
polymeric conductive layers is n+1, in which n preferably ranges from 1 to

30. In another embodiment, there can be 2 to 20 layers of each of the



about 50 nanoneters and preferably ranges from about 100 nanoneters 25 to
about 10 m croneters, depending on the application. In one enbodi nent, the
i nventi orwpeBatmwseto a thin filmcapacitor including (a)paTdisoysiate, (b)
a first polyneric conductive |layer |ocated on a surface of the substrate

and (c) a plurality of alternating pentoxdde |ayer/polyneric conductive

| ayers extending fromthe first polyneric |ayer, 30 wherein the total

number of p%ﬁﬁ@‘drﬂ—ﬁ\téE@’e“rfe?alhﬁmﬁré‘aén&f&lvéQ’!rﬁ'laﬂ#rfhﬁﬁ oRide [BPéngNEr i C

conductive layers iIs n preferab ranguts fromlto 30. In
anot her enb@#sriator pardliel eonrzactioss zan@ezmaday@egcbpf virtyal ¢apacikprL3/ 041096

oxi o | ayer 4§ 3008z TaRC drelatobfi R Bhol SR CGRRE S bh Cnoh cPhoddRe (71

virtual capagibs@hte sudh §$1§W|r¢ylsdléﬁ|kor Bblqégt@alﬁlru, the whole stack of filns
IS on a non-conductive substrate such as a vi olefin or polyester film

5 1n onedenbodi néﬁtonee%mho@met%ee%h@fdb?|°98dF?¢/Vr?sf"F§ '§l?(98{“‘{8 @ nicron
S0 5 Bl o U o B o |

or solution precursors. eac e Ta Nb- oxi de
films is aquudmutasaﬁuuompretduursvcksammaapﬂieirembgdlmeat;teaoh qBIHye;Taal vapor

deposi tion (PVD) or_chem met hods f I ecur sors.

Al ter nat i vel NP-pxide filRgs ig OHEO'A?JHP'?@H th‘r‘fg]wq%qu‘ga Qynregp o phﬁ"ﬂgclcapam tors
so made hav I I RBASKOMA ov stacks in that
t he present %@éggﬁémg?laﬁgpvv)zor%ﬁgm%ae-ﬁ#bl e to deteri oyg??ron under

i nfl uend® ofprenunsomrmtwaatlwanm)Nb can be appliedand oxigized #.9ifu. ayer s each

T sﬁé'mgesiﬂﬂnﬁﬁ ! %ﬁ% oS arp b mds haBr 5T By BB ShblBndn. "D, ' e O
i nvention. aEQQ’Sur atfRadid ihahgt thelreserkétacKsniillibe lessit ed with a one
m cron | ayer 0 poI | ophene conduct or
susceptlble to deterioration under influence of environmental humidity.
Also a short stack (2-4 layers each of oxide and polymer) can be
15 transparent.
Referring to the figures, Fig. 1 shows schematically an embodiment
of a capacitor 10 made per the invention. A polymer substrate 12 (e.g.
Mylar™ film) is coated with a one micron layer of polythiophene conductor
14, in turn overlaid with a 100 nanometer tantalum pentoxide film 16 then
20 another one micron layer 18 of the conductor. Silver connection pads 20
are applied to the layers 14 and 18. Such a capacitor was fabricated. It
was tested at five volts and showed a capacitance of about 350 nanofards
per sq. cm. of oxide area.
Fig. 2 is a photograph of such a capacitor with reference numbers
25 indicating the Fig. 1 layers. Fiduciary 1 cm., 1 in. (2.54 cm) markers are
shown. The circle of conductive layers 14 is about 2.75 in. (6.98 cm) in
diameter.
In one embodiment, the capacitor can be made in 1-30 oxide layers
alternating with the conductive layers. If desired the substrate film 12 can
30 have a silicone coating and be removed after building the capacitor.

Similarly transfer overcoatings can be applied to attach the capacitor to a



14, in turn overlaid wwth a 100 nanoneter tantal um pentoxide film 16 then
20 another one mcron |ayer 18 of the conductor. Silver connection pads 20
are appl iwo o4tobe | ayers 14 and 18. Such a capacitor wasPCahbrsoraized. |t
was tested at five volts and showed a capacitance of about 350 nanof ards
per sq. cm of oxide area. Fig. 2 is a phbtograph of such a capacitor with
reference nunbers 25 indicating the Fig. 1 layers. Fiduciary 1 cm, 1 in.

(2.54 cm ”ﬁrféw&ébafﬁe $H @ter ehiSodifreftse 1198 c5OAHeF chl Be MEBEhalihg S about
2.75 in. (6. cm 1n dianeter. In one enbodi nent, the capacitor can be

made in 1- 30n0|se tﬂ\anI%Q/QXIde layjerernating with the conduct i ve | ayers.

desired the subst f|| 12 C n

renoved after bw'f 8‘35&@?[’3}%3@?%%%}@} g hi?%%er@ggﬂl ngs can
be applied t;saranéla,@hnbbmrs:@@faa:c@mudweamﬂ\l@aawr@ﬁl)l@a@eIefayuﬁﬂefrﬁéam -5 new
substrate. I n other enbodi nents, the capacitor can made havi n nor e

than 30 8xi dayersyafioxider]§s26, ang 3%8%%8%@?@@%@%@1‘!'9‘ thpshiddorad10A, 108
with serial %acﬂ férlt?émézg HC?OH'T%BB a conductive film (Baytron)-oxide

array with t ers o 26, and 36 and four of conductive
film 14, 18, 24 /atfdn ﬂBﬁ caeamtorloiym inventign ébgeneralte madertyn(i) A thin film
capaci tor of t i nvention '

| | |
filmconpris y'ag ﬁ@?f'ﬁ?é'ﬁB%PﬁfPé'r%"] 89@%“‘5&969(}'%88{2’%*%’%? Ia:o;) Zlgglrly?ng
a_pent oxi de 4ttt |(ANASHIRY REALASKHB Iaflr, BireAlLTDAfloREB! o hBiurer m Xt ur es

thereof to t poly ductive layer, and (iii) applying a second
conduct i1@e mﬂrycmde] orcmmure@rthemfmﬂmﬁlmmerlamnducwedawb@@ds(lu&teps can

D L eheat o0 ASTAEA BT 05 R e GBI B Tha b B EARBRRE E0, 0Pl o
i s spread oUth®Prddeds St Eatf Be répeatsd, dapendilLomtridiadmber of
component layers desired.

When polythiophene-based polymers in aqueous solutions are

15  used, the solution is spread out on the substrate, by any suitable method,
such as printing, bar coating, spin coating, or dip coating. After the
solution has been applied a drying step is needed to evaporate the carrier
solvent(s). In some cases it is advantageous to add some additional
solvents and/or binders to the Baytron P solution, which in some cases

20 increases the adherence of the film to the substrate.

When it is desirable to perform in-situ polymerization and make the
polymeric conductive thin film onto the layer, the monomer and oxidant
solution are mixed into one solution. The solution needs to be spread out
on the substrate, which can be accomplished by any known wet method

25  (such as printing, bar coating, spin coating, dip coating). After the solution
has been applied a drying step is needed to evaporate the carrier
solvent(s). The resulting polymer film is then washed to remove any salts
that are formed during the polymerization.

The methods of establishing the ultra-thin but dense and highly

30 dielectric oxide film include but are not limited to:



such as printing, bar coating, spin coating, or dip coating. After the

sol ution has been applied a drying step is needed to evaporate the carrier
sol vent (sWO 0Bf4®oére cases it i s advantageous to add sone &daitSovsRb1
solvents and/or binders to the Baytron P solution, which in some cases 20
i ncreases the adherence of the filmto the-substrate. When it is desirable
to performin-situ pol ymeri zation and nake the polyneric conductive thin
fllmontothelay t @ébb I into one
solution. The sol g?l on nee sgtggérbe spérmeaég@(}ﬂ?) ﬁg%ﬁd{dsgﬂsggtr‘r@g%é@% whi ch can
be acconpl i ssmdtebipngaryaseroniBwecambeatit obTa sk targetspoi fnrmrqgudeaas coati ng,
spin coating dlsptegoati ng). After the solution has been applied a drying
step is nee vaporate the carrier solvent(s). The resulting pol yner
filmis then vvas;xesi t OspLRtERng atoxig@tdrget i wangecotios tee fimrdubatrate

pol yneri zati on he methods of establishing the ultra-thin but dense and
highly 80 dicstetan aerewiewy faid gpndestiyedayen): are not limited to: WO

03/ 041096 PCT/ USQ 35 PVD) net hods
of, e.g., reacti v% (,GEiatthQN H”‘)a @é@e@mo?yagygegﬁnﬁﬁé%ba%ngf Ta, Nb
targets to fmcmmngate(bgaledmmnrermemibanl ammzaronmgnamcbmade thafippt to

transfer OX|detoaf|Imsb ra 5 (or.to to revi ousl | ai d
conduct i ve |'49d)be panly axiiz WisﬁTf’ go QX'%@P&%EOQW %H%&ﬁfﬂﬁ hod and
anodi zi ng 't%ch(‘&‘erﬁk%%Hh@ﬁ\)@Ia ePr chem cal anodi zation). In such case the
film would partly oxidized and the non-oxidized part becones a part of
the adjl&cent conﬂttlmugrethleawesent]mventtdmmmmedm@wdtIn|d$i@hwitbn has been
descri bed i n detai n eto c rtalgcﬁlrb? erred versions thereof,

ot her vari at'@ ‘?f?“ﬁ?éo Cﬁ'cb@gl YErsgE dhereg rYA"ARAS &Bpe of the
appended cl ahdasiifBOTHérefore, tlbe sbinmahecécbpe ohehelgsserndddd @ained shdadver si ons

cont ai ned therein.
not be limited to the description of the versions contained therein.



WO 03/041096 PCT/ US02/35261 7 WHAT IS CLAIMED IS: 1 . Athin filmcapacitor
conprising: (a) a substrate, (b) a first polyneric filmconprising an

el ect ri cawby3pergacti ve 5 polynmer | ocated on the substraP€I/Us0d/33261

pent oxi de | ayer selected fromthe group consisting of tantalum pentoxide,
or ni obi um pent oxi de, and m xtures thereef/,- and | ocated on a surface of the
first polynmeric film (d) a second polyneric filmconprising an

el ectri cal | waeporws opeMerP ol yner | ocated on a surface of the pentoxide

| ayer. 2. The thin fiTmcapactior of Claim1l, wherein the substrate is

sel ect ed from t hel.gr oup thiodbngapagiter campsingol ymers, ol efin pol yners,

pol yesters, and m_xtur of. 3. The thin filmcapacitor of Caiml,
wherein the fi rs?aaﬁol y%%?#’%%tés filmand the second polyneric filmis

sel ected fromt heﬁbgr oup fiesp pdlyphérivgfilaf corpptisiagidn slepwicameesndudtigso- sul f oni ¢
acid polynmers, po pyrrol polymers, thiophene-based pol yners, and

m xt ures hd?@w.erﬁlc%ﬁéoﬂIﬁh@lskﬂb?rtFﬁtEapaci tor of aim1l, wherein the first

polymeric filmh a ' | r 0 r%%]w{?eé rs to about
10 20 m croneter s.& 5. %Elgﬁ{%ﬁﬁ%ﬁg?%@égggtgéif ori’@‘fpgﬁﬂ‘éolgn? , erfgi n the
pent oxi de |tantaluingserdokide cammiebiunapgntogidie; and aigtured thareoflaadt 100

nanoneters. 6. The thin ilmg%%acgtor wherein the substrate has a
thi ckness tlR§8te0Oon 2 sUEface o rSpPRYMAHC B®, 7 The thin fil m capacitor of

Caiml, wherein (tdge f & 58EomPPYITRIErE il cohHisihd) 8n EREARERIREHRCge f 1 I M i s
selected fromthe group consisting of polythi ophene-based pol yners,

pol yani [1i0ne- peigrer faslajedos a pofacsyofitoe pentsxddailayer.y mer s,
pol yet hyl eneoxi deé'baseflhg%x%ﬁrr] %apg&ﬁjorrgf)&flgirmeﬁ, Wherein the substrate is

selected from the group consisting of vinyl polymers, olefin polymers,

polyesters, and mixtures thereof.
3. The thin film capacitor of Claim 1, wherein the first polymeric

15 film and the second polymeric film is selected from the group consisting of
polyanilin polymers, ligno-sulfonic acid polymers, poly pyrrol polymers,
thiophene-based polymers, and mixtures thereof.

4. The thin film capacitor of Claim 1, wherein the first polymeric
film has a thickness ranging from about 100 nanometers to about 10

20 micrometers.

5. The thin film capacitor of Claim 1, wherein the pentoxide
layer has a thickness ranging from about 10 to about 100 nanometers.

6. The thin film capacitor wherein the substrate has a thickness
that is at least about 0.01 mm.

25 7. The thin film capacitor of Claim 1, wherein the first polymeric
film or the second polymeric film is selected from the group consisting of
polythiophene-based polymers, polyaniline-based polymers, polypyrrole-
based polymers, polyethyleneoxide-based polymers, and mixtures or
copolymers thereof.

30 8. A thin film capacitor comprising: (a) a substrate, (b) a first
polymeric conductive layer located on a surface of the substrate and (c) a
plurality of alternating pentoxide layer/polymeric conductive layers



copolynmers thereof. 30 8. A thin filmcapacitor conprising: (a) a
substrate, (b) a first polyneric conductive |ayer |ocated on a surface of
t he substweatog/oareds (c) a plurality of alternating pentoxi @ETIEYEBI2PDI yeri c
conductive layers WO 03/041096 PCT/ US02/ 35261 -8 extending fromthe first
polyneric |ayer, wherein the total nunber8f pentoxide layers is n and the
total nunber of polyneric conductive layers is n+l. 9. The thin film

capaci t or of exgbadifgroniies fist polynferteiayér, WRerinhé ®otdPnudbder bhe thin film
capacitor of Claim8, wherein the capacitor has a series connection. 11.

The thin filpertayideilaysrsds n@ns thedotahnumbien of pelymgpigcsanguctive laygrpar al | el
connecti on. ingqz. The thin filmcapacitor of Caim8, wherein the
substrate is a non-conductive substrate selected fromthe group consisting

of vinyl polynerg, ol Ehe thipdilnicapacitgraf\Glaines, whepdirhsaagds frioxt ur es
thereof. 13. The thin filmcapacitor of Claim8, wherein the substrate is
sel ect ed ¥ r omt® 8- group consisting of vinyl polyners, olefin polyners, 15

pol yester s, and mgt ur e IR caphéitor BTTIAM B, hhbfif #AEARitRhall ai m 8,

wherein at |east one polyneric mis se rom group consi sting
of pol yani | i asebesednngaiopner s, pol ypyrrol e- based pol yners,

i xt ur oo o copol Yher o! N fifF capaBler'SrR AR RoBnBGR Sk CRRPGICT ER 111 m
capacitor cogpsarail@%onnedlio®Ppl ying a first electrically conductive polymer
located on a substrate, gb) applying a pentoxide |ayer, tantalum
pent oxi d®, or ni ob2.um The thin film capacitor of Claim 8, wherein the substrate is a
non-conductive substrate selected from the group consisting of vinyl
polymers, olefin polymers, polyester polymers and mixtures thereof.

13.  The thin film capacitor of Claim 8, wherein the substrate is

selected from the group consisting of vinyl polymers, olefin polymers,
15  polyesters, and mixtures thereof.

14.  The thin film capacitor of Claim 8, wherein at least one
polymeric film is selected from the group consisting of polyaniline-based
polymers, polypyrrole-based polymers, polyethyleneoxide-based
polymers, polythiophene-based polymers, and mixtures or copolymers

20 thereof.

15. A method for making a thin film capacitor comprising:

(a) applying a first electrically conductive polymer located on a
substrate,

(b) applying a pentoxide layer, tantalum pentoxide, or niobium

25 pentoxide, or mixtures thereof to the polymeric conductive layer, and

(c) applying a second electrically conductive polymer located on the
pentoxide layer, and thereby forming a thin film capacitor.

16. The method of Claim 15, wherein the thin film capacitor
formed comprises:

30 (@) asubstrate,
(b)  afirst polymeric film comprising an electrically conductive

polymer located on the substrate,



25 pentoxide, or mxtures thereof to the polyneric conductive |ayer, and
(c) applying a second electrically conductive polynmer |ocated on the

pent oxi dewbageu109@and t hereby formng a thin fil m capacit oPCTAG02/35261 et hod
of Claim15, wherein the thin filmcapacitor forned conprises: 30 (a) a
substrate, (b) a first polymeric filmcom@dsing an electricall y conductive
pol ymer | ocated on the substrate, WO 03/041096 PCT/ US02/35261 -9 (c) a

pent oxi de | ayer sghect GFsTh pent oxi de,
or ni obi um pent ox@l e, §%ehm%|?ggg§ﬂg?teegf, I ZI?:% %ﬁ%%ﬁsgéﬂn? ?fmce of the
first pol ynetiantalﬂm mntoxi)ieaorsrelobwm penipxisie, andinmixturesithereot docated
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10  polymeric layer, wherein the total number of pentoxide layers is n and the
total number of polymeric conductive layers is n+1.
18. The method of Claim 15, wherein the wherein the first
polymeric film and the second polymeric film is selected from the group
consisting of polyaniline-based polymers, polypyrrole-based polymers,
15 polyethyleneoxide-based polymers, polythiophene-based polymers, and

mixtures or copolymers thereof.



