PASSI VE ELECTRI CAL ARTI CLE TECHNI CAL FI ELD This invention relates to

passive electrical articles. In particular it relates to the dielectric

| ayer in wassivermsectrical articles such as capacit or s P@mASE@Li03316T S.

BACKGROUND El ectrical articles such as the capacitors and resistors

described in U S. 6,274,224 and U S. 6,577,492 typically include a
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One enbodi nent of the present invention features a passive electrical

artigle having a dielectric layer gRpRERSURS @ resin and a nonwoven
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present i nventihsrligleeitiamescrial abthe depulingakicnty tapicalbet mefed axidgruck pe
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conpri si ng;; Bg%waga&d RRYERo %@l al on a first surface of one or both of
a first and1 econd con uctlve substrate; coating a resin layer on the first

surfaces of both conductive substrag%fvmga{\d | am nating the conductive
substrates together with the resincoate
15 One embodiment of the present invention features a passive electrical article

having a dielectric layer comprising a resin and a nonwoven material.

Another embodiment of the present invention features a method of making an
electrical article comprising providing two conductive substrates, coating a resin on a
surface of each conductive substrate, providing a nonwoven material between the resin-

20 coated surfaces of the conductive substrates, and laminating the resin-coated conductive
substrates and the nonwoven material together.

Another embodiment of the present invention features a method of making an
electrical article comprising coating a resin layer on a surface of a first conductive
substrate, forming a nonwoven material on a surface of a second conductive substrate, and

25 laminating the conductive substrate together with the resin layer and nonwoven material
facing each other.

Another embodiment of the present invention features a method of making an
electrical article comprising forming a nonwoven material on a first surface of one or both
of a first and second conductive substrate; coating a resin layer on the first surfaces of both

30 conductive substrates, and laminating the conductive substrates together with the resin-

coated first surfaces facing each other.



first surfaces facing each other. An advantage of at |east one enbodi nent of
the present invention is that it provides a strong, flexible dielectric
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is subjected to a doubl e-si ded copper patterning etch process. Being able
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el ectrical articles of the invention is preferably self-supporting. It is
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be used. gy faces. A diclectric layer between the first and second substrate provides an electrical

insulating function and adheres the two substrates together.
The substrates of the electrical article of the invention may include a single layer,
20 or a plurality of layers arranged in a laminate structure. The first and second substrates
may be made of graphite; composites such as silver particles in a polymer matrix; metal
such as Copper, Aluminum, Nickel, Chromium, Zinc, Tin, Gold, Silver, Palladium; and
alloys or laminates thercof. A substrate may be made by coating a layer of metal, such as
copper or aluminum, onto a removable carrier layer. For example, a copper layer may be
25 coated onto a removable polyester carrier. The first and second substrates may be the
same or different. The electrical article of the invention may include multiple insulating
and conductive layers.
A substrate in accordance with the electrical articles of the invention is preferably
self-supporting. It is preferable that a substrate is flexible; however, rigid substrates may
30 also be used.
Typically, the major surface of the first substrate in contact with the dielectric layer

and the major surface of the second substrate in contact with the dielectric layer are



Typically, the major surface of the first substrate in contact wth the
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20 Suitable polymeric materials for the dielectric layer include Acrylates, Allyated
Polyphenylene Ether (APPE), Benzocyclobutene (BCB), Bismaleimide Triazine (BT),
Cyanate Ester, Epoxy, Polyamide, Polyester, Polyimide, Polyphenylene Oxide (PPO),
Polytetrafluoroethylene (PTFE), and combinations thereof.

Suitable epoxy resin compositions may be made from thermally curable epoxy

25 resins. The term epoxy resin composition will typically be used to refer to an uncured
composition. An exemplary epoxy resin composition includes one or more aromatic
polyepoxides and one or more 9,9-bis(aminophenyl)fluorene curing agents. Suitable
aromatic polyepoxides include poly(glycidyl ether)s of polyhydric phenols and epoxy
resins available from Shell Chemical Company, Houston, Tex., under the trade

30 designations EPON 1001F and EPON 1050. Other suitable resins include blends of a
diglycidylether of bisphenol A and a novolac epoxy, for example, 75 to 90% by weight
EPON 1001F and 25 to 10% by weight EPON 1050F based on the total weight of the



desi gnati ons EPON 100 I F and EPON 1050. O her suitable resins include
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based on the total weight of theresin. Suitable curing agents for the epoxy
resin conpositions include, but are not limted to,
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20 than dielectric layers with spherical particles having an average diameter of about 0.5 um
to about 1 um and a distribution range of about 0.1 to about 2 um.

A suitable coatable resin composition used to form the dielectric layer is typically
made from a mixture of epoxy resin, a dispersant, a curing agent, the dielectric particles,
and other optional ingredients. Typically, the resulting substantially uniform mixture is

25 subsequently coated on a suitable substrate, then heated for a time and at temperature
sufficient to remove volatile components.

The dielectric constant of the dielectric material of at least some embodiments of
the present invention is greater than about 4, preferably greater than about 11, and more
preferably greater than about 15. To achieve a dielectric material having a high dielectric

30 constant, the loading levels of the dielectric particles may be very high, which can make
the dielectric material very brittle. If it is brittle, it cannot endure being processed as a

free-standing layer. For example, if both substrates are to be pattern etched, the brittleness



preferably greater than about 15. To achieve a dielectric material having a
hi gh dielectric constant, the |oading |l evels of the dielectric particles
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it is brittle, it cannot endure being processed as a free-standing | ayer.
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pol yester, polystyrene, acrylonitrile, pol propylene pol yvi nyl i dene
f1 uori de fraoVDRS subsHatery the. Wi @Pesalog hayrcthe éssa% pile Solid film, which

sul f one) i | i dene
Fluori db TR Blsg AE Byt B g tﬁﬁﬁ%ﬁ%@%e@?ﬁ ﬁP&f??ae A
thylenethhbmmntrlfluoroethylene (ECTFE), and conblnatlons thereof The
nonyoven nateﬁ%v E g be of any sui ablg fgrntsuch as, bu Ilnlted to,
mel thl own non g noBRARHLRAICHBWEY Bh B12dg Aty fé&‘F%‘stE%h?aﬂ ﬁ dMO\ar i ous
addi ti ves,oRgyvaemardad é&htﬁt@eﬁleﬁur@erbmﬁ&wt nife@'to hﬁ'ﬁdré%m}’)@l}n{@t erials
to influence certain properties of the nonwoven material such as dielectric
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t he nonwqpgR-FAYEY, pdlyStherimide- polyvinylidene fluoride (PEI-PVDF), polyacrylonitrile-

20 polyvinylidene fluoride (PAN-PVDF), ethylene chlorotrifluoroethylene (ECTFE), and
combinations therecof. The nonwoven materials may be of any suitable form such as, but
not limited to, meltblown nonwovens, spunbond nonwovens, and electrospun nonwovens.
Various additives may be added to the precursor material for the nonwoven materials to
influence certain properties of the nonwoven material such as dielectric properties,

25 mechanical properties, chemical properties, and thermal properties.

In some embodiments, the precursor material used to make the nonwoven
materials may contain a crosslinking agent so that the fibers in the nonwoven materials
can be crosslinked after the nonwoven material is formed. Suitable crosslinking agents
can be thermal, e-beam, and UV crosslinking agents and include, but are not limited to,

30 triallycyanurate and triallyisocyanurate. The crosslinking agent may be added in any
suitable amount, typically about 2 to about 3 wt%. Crosslinking the nonwoven material

can improve properties such as thermal stability, solvent resistance, and durability.



can be crosslinked after the nonwoven material is formed. Suitable
crosslinking agents can be thermal, e-beam and UV crosslinking agents and
i ncl ude, wWotomve7236t limted to, triallycyanurate and tPCalusgé®ms3anur at e.
The crosslinking agent may be added in any suitable anmount, typically about
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et chi ng SBPRTEN e 4Rk, FRTAPPGIARISU S Pat. No. 7,

In a capacitor, the thinner the dielectric layer, the higher the capacitance.

20 Therefore, it is preferable that the nonwoven material be very thin, e.g., in some
embodiments below 20 micrometers, in some embodiments below 10 micrometers, and in
some embodiments about or below 0.5 micrometers. Most nonwoven materials, when
made, are self-supporting and have a thickness of about 1 micrometer or more.

To provide a thinner nonwoven material, the nonwoven material may be etched.

25 For example, an LCP nonwoven material may be etched in a similar manner as an LCP
film by using a highly alkaline etching solution such as that described in U.S. Pat. No. 7,
348,045. The highly alkaline etching solution, comprises an alkali metal salt and
optionally a solubilizer. A solution of an alkali metal salt alone may be used as an etching
solution for polyimide but has a low etching rate when etching materials such as LCP.

30 However, when a solubilizer is combined with the alkali metal salt etchant, it can be used

to effectively etch polyimide copolymers having carboxylic ester units in the polymeric

backbone and LCPs.



348, 045. The highly al kaline etching solution, conprises an al kali netal
salt and optionally a solubilizer. A solution of an alkali netal salt al one
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20 diethanolamine, propanolamine, and the like. The etching solution, including the amine
solubilizer, works most effectively within the above-referenced percentage ranges. This
suggests that there may be a dual mechanism at work for etching liquid crystal polymers,
1.., the amine acts as a solubilizer for the liquid crystal polymers most effectively within a
limited range of concentrations of alkali metal salt in aqueous solution.

25 Alternatively, the nonwoven material can be formed on a supporting backing layer,
such as a polyester layer. When the nonwoven fibers are formed into a web or layer
directly on the supporting backing layer, they can be made thinner than are required for a
self-supporting nonwoven material. In one embodiment, nonwoven materials are made
thin by using nanofibers to form the nonwoven material, i.e., the fibers in the nonwoven

30 material have diameters in the nanometer range, i.¢., less that one micrometer, and
typically from about 20 to about 500 nanometers. The nanofiber nonwoven materials can

be made using the same materials that are used to form other nonwoven materials. In at
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20 resulting laminate may then heated for a time and a temperature sufficient to cure the
polymer composition such as an epoxy resin. The major surfaces of the substrates are
preferably substantially free of debris or chemisorbed or adsorbed materials to maximize
adhesion with the electrically insulating layer. Suitable substrate cleaning methods known
in the art may be used.

25 The cleaned substrate may be coated with the polymer composition using any
suitable method, for example, a gravure coater. The polymer composition is then dried to
remove residual solvent. The dry thickness of the coated polymer composition depends on
the percent solids in the composition, the relative speeds of the gravure roll and the
coating substrate, and on the cell volume of the gravure used. Typically, to achieve a dry

30 thickness in the range of about 3 to about 10 um, the percent solids in the polymer resin
composition are about 20 to 75% by weight. For polymer compositions such as an epoxy

resin composition, the coating is typically dried to a substantially tack-free state in the
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(0. 64 cngRGAREbm dthut M BABBSVIDD°C, typically about 135°C. Suitable air pressure is
20 supplied to the laminator rolls, typically at a pressure ranging from about 5 to about 40 psi
(34 to 280 kPa), typically about 15 psi (100 kPa). The roller speed can be set at any
suitable value and typically ranges from about 12 to about 36 inches/minute (0.5 to 1.5
cm/second), more typically about 15 inches/minute (0.64 cm/second). If the nonwoven
layer is self-supporting, it can be fed between the coated substrates from a roll. If it is not
25 self-supporting it can be fed between the coated substrates as a supporting backing layer is
peeled away from the nonwoven material. The time, temperature, and pressure used
during the lamination process can be adjusted to ensure that the polymer material fills the
voids in the nonwoven material during of the process. In some embodiments, it may be
suitable to use a vacuum-pressure impregnation (VPI) method such as that described in
30 U.S. Pat. No. 7,524,388 to impregnate the nonwoven material with the polymer dielectric
material. The resulting laminated material can be cut into sheets of the desired length or

wound onto a suitable core.



| ayer is self-supporting, it can be fed between the coated substrates from
aroll. If it is not self-supporting it can be fed between the coated

subst r at esOas10a2324ppor ti ng backing | ayer is peel ed awayPCranseeli®3’zienwoven
material. The tinme, tenperature, and pressure used during the |am nation
process can be adjusted to ensure that the polymer material fills the voids
in the nonwoven material during of the process. In sone enbodi nents, it may
be suitable tdnegeltam@fa&@hlrtprre%mcess, rb@rregwawnbma‘(evel mayrbe feEed 98hotas t hat

S'Mefﬁ“t Eg%ugﬁor%d% ﬁﬁeet ?PﬁlnY th%ﬁ%og‘t@&\xﬁ@h £t8n£1h§ucﬂ%9‘é‘gé’ mai?%t erial

rrc materi a m nat rial can
be cut |rﬁdyméreemeﬁed)ﬁoﬂmedamlteradniagmlginrbeoﬁedMWndrumbarasellalyaﬂsj e core.ln
an alternative roll-to- pro ss t he nonwo en material nay be fornmed
on, or suispeitEas B ?Pcrlgecgﬁ@éfﬁ f5 986 e HDE A Ly o P> QT B@W‘Hé “material,

such5 as ep é%){tel 108 t1RA HBSIvmePat ed nonwoven material may then be fed
between th B,strate I @ ?’ general ly as descri bed above. In this case,

t he substrat e Ihayethsr atwynatioe rqrtbcyo -rodk prbesss. sbpaomr@iey nqabai@mm‘tterfopnﬂdyner In

anot her nat i ve r ol r rocess, the nonwove I

Formad o ety o s Fort 8 b Bk S plioRReie At BESGHE B’ TroHig sttt r at es
in the elgglkibple, #hddvidv@n nk@riad ¥R Rrmad Bf?ﬁ\éﬁy%é? SH&& &ak 411 6&dnREricor med
on a copper sheet that will becone one of the substrates of a capacitive or

resi sti veofdha subbleatesThien crpbaitivapercsistiveytiels. dhs spric seapens a siripert laydrows
t he 1Q1ONVOVET, nﬁotv(vasr Ih?ﬁlo WOVG% I’qutgl‘lal ? f¥ n&aI EIryatEd Qﬁad: @ec%&se}tﬂec p%P ?nhee heet s

never renbved woven na eis as80¢i a andllng

a fragil enchexvepioeed frainehé abnmxenrrﬁaim%romem@amciatw V@ﬂﬂﬁﬁéﬂ’dﬂlﬁ@la fagtlecl e,
the substrate carr% lg t he nonwoven material may be lamnated directly to

anot her d\9pyOVeR waferol 3g reduged- yﬁemake%relwéﬁaéam@keﬂ@c&ﬁbsmée ¢y IRgNHC
substrat %n%‘éﬁ ?Lgl P@f ﬁgye bogl He?tEd hﬂ% b ThbREr TBRRRL h&%@&ﬁ&&h@?%@bove

t he pol yner w voids th t nonwoven nat er1 al rm ng
an el ect rdoatt tlaar¢arc| A&s ﬂha\twagulfstqamlsyrﬁammmumgahmherslrmﬂardnmnemsr| c layer.

ohy &1 cal  Eathaom s Hemyudi f e it iy ReRg: Rete Bk tobspentig
cont act Wnldiockiig R oS S fer SRRRACH REAAA bRkt 1gme§§t1efﬁﬁlnedpol yer
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20 In another alternative roll-to-roll process, a nonwoven material may be formed
directly on one or both of the sheets or films that will become the substrates in the
electrical article then coated with a polymer composition. For example, a nonwoven
material can be formed on one or both of the sheets that will become the substrates of a
capacitive or resistive article. To make the electrical article, a substrate carrying the
25 nonwoven material may be solvent-coated with a polymer solution, such as an epoxy resin
solution. It is believed that the solvent solution will easily penetrate the nonwoven
material and allow the polymer to fill most or all of the voids in the nonwoven material.
Once the polymer solution has dried, the substrate may be laminated directly to another
identical substrate (i.c., having a nonwoven material and solvent-coated polymer) or a
30 substrate having only a polymer layer coated thereon. As the two substrates are laminated

together in a similar manner as described above, the polymer will be further pressed into

any open voids in the nonwoven material, thereby forming an electrical article having a
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condition will vary depending on the metal substrate used. Typically, in the case of

coppet, at either of these stages in the process, the metal substrate obtains a Vickers
hardness, using a 10 g load, of less than about 75 kg/mm2. A typical temperature range of
copper to achieve this hardness ranges from about 100 to about 180°C, more typically

25 about 120 to about 160°C.

Although an electrical article of the present invention can be functional as it is
fabricated, the electrical article may be patterned, for example, to form discrete islands or
removed regions of material in order to limit lateral conductivity. Any suitable patterning
technique known in the art may be employed. The patterned electrical article may be used

30 as a circuit article itself or as a component in a circuit article.
A surface of the first or second substrate of the electrical article that is accessible

may be contacted, for example, by an electrical trace, to make electrical contact so that the
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i nvent i orfPTPAAGRY be%g't | east one side of the electrical article,

attaching an addirtdipadtleld4ebe made by providing an electrical article of the present
20 invention, patterning at least one side of the electrical article, attaching an additional layer
to the patterned side of the electrical article, and providing at least one electrical contact to
at least one substrate of the electrical article. Typically, the second side of the electrical
article is also patterned and a second additional layer is provided and attached to this
second side of the electrical article. In a preferred embodiment, a circuit article is made by
25 providing an electrical article of the present invention, simultaneously patterning both
sides of the electrical article, and subsequently attaching an additional layer to one or both
sides of the electrical article.
The electrical article may be embedded or integrated in a PCB or flexible circuit.
Methods for manufacturing a flexible circuit or PCB using the electrical article of the
30 present invention are described in WO 00/45624 and are cited herein by reference.
The present invention also encompasses an electrical device comprising an

electrical article of the present invention functioning in an electrical circuit of a PCB or a
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to the patterned side of the electrical article, and providing at |east one
el ectrical contact to at |east one substrate of the electrical article.

Typi cal | ywothw/gensond side of the electrical article isparas2@anssasned and
a second additional layer is provided and attached to this second side of
the electrical article. In a preferred enbodinent, a circuit article is
made by providing an electrical article of the resent i nvention,

si mul t andburshly ciseitit eFhei alegtigsd Howpoimay stcludgany |ek‘@tr¥qab@ﬂvu‘e@rwlméln picaHy
subseque t1 i i t he
electrlcg%nhMO ﬁéﬁ ?gﬁgmfz %&ﬁ@gﬁﬁgrt| IUJGC %n&& l%%glgllgﬁ%)?&%clgagl;lrated in
a PCB or dehvizxs b]lcmde icelt phénes Melchbalws f fax mml‘nméaa@bmpuueg griffessx pidees, and cui t or
PCB using the electrical  article of pr esent nven i on are descri bed in

VO 00/ 458321 4RYICET &5 TEFQEEFeA &Y R Sblyeéef@?@ﬁcéfhe? YHARE of MFEtBh al so
eNCoyIPas Shsendin § SEtGIISH uldeMiif eleeemrde%idaguﬁwm%h@f;&creugcal FEdlEh 6r e ¢ e
present invention functlonlng in an electrical circuit of

af | exi bl eperatcatifrequiimecsedremtertharal Ghevi ce may i ncl ude any electrlcal devi ce
which typically enploys a PCB or flexible circuit having a capacitive
component. Exenplary el ectrical deviexasreipsl ude cel |l phones, tel ephones,
fax machi nes, caonputers, printers, pa and ot her devices as recogni zed
by one ski | | ed IHhinVRIoH ﬂluﬁﬁéte@%ééli‘erﬁg ilan%q&amp soputiherytedenateidlent i on
s par Ui Gilialolinl i Il it ERlmeley b &R TR} i ARACEnd Ao 3 Pr em um
or that operate at frequencies great S This invention
is lOIus&ﬁaMddmbbeuhenﬁuiknmﬂnulenmﬂp$eemnmmm the partlcular mat eri al s and
anounts thereof recited in these exanples, as well as other conditions and
det ai | s Moatghigdlsnot be construed to unduly Iinit this invention. Materials
Barlun1t|tanate (B&ﬂ(&? ;. FERRO ABT- S- 20 é m cr onet er dlan1) , Ferro,

O evel and,* OHariemtEanat (BaliOn| HERRAOMBT (AR {0 Amisrametsr diamy &: Fers 5365

| nt er medi at e Cl1&ABnE 3A7934-68-9, 3M Conpany, St. Paul, M nnesota

Di spersants: SCLSPERSE 76500, a solution of 50@6act|ve pol ynmeri c di spersant
in n-butyle aGhtoaamhnd_EMumenoﬂle; (AAID. Amiei CedtiNG: rRyd6565 Bodrnediat:, CAS #

T i

* Dispersants: SOLSPERSE 76500, a solution of 50% active polymeric dispersant in

n-butyl acetate, Lubrizol, Ltd., United Kingdom
* Solvents: Methylethylketone (MEK), Methylisobutylketone (MIBK)
* Epoxy: EPON 1001F; EPON 1050, Shell Chemical Company, Houston, Texas
20 * LCP (liquid crystal polymer) nonwoven material: HM060 Type B, (Basis weight:
6.2 g/m” (gsm)), Thickness: 15 um, Tensile strength: 8.2 N/1.5 cm, Air permeability:
302 cc/crnz/sec), Crane & Co., Dalton, MA
*  Copper foil: 18 um thick (1/2 o0z) copper foil, Oak Mitsui, Camden, SC

Equipment
25 * Milling: MiniCer lab mill from Netzsch Fine Particle Technology (Exton, PA)

* Mixing: Dispermat laboratory dissolvers from BYK-Gardner (Columbia, MD)

* Peel Tester: Instron model 5567 from Instron Corporation ( Canton, MA)

* Plasma etching: Plasmatherm PE 2480 system from Plasmatherm, Inc. (St.
Petersburg, FL)

30 Test Methods
Peel Strength Test: IPC TM-650-2.4.8: Peel Strength of Metallic Clad Laminates
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LCP (liquid crystal polymer) nonwoven material: HW60 Type B, (Basis
weight: 6.2 g/nm2 (gsm), Thickness: 15 um Tensile strength: 8.2 N1.5 cm
Al r per mewbi2bigne724302 cc/ cnR/ sec), Crane & Co., Dalton, pvUSGappsasief oi | : 18
umthick (1/2 oz) copper foil, OGak Mtsui, Canden, SC Equi pnrent MIIling:
MniCer lab mll from Netzsch Fine Particle Technol ogy (Exton, PA) M xing:
Di spermat_| aboratory di ssol vers from BYK- Gar dner (CoI unbi a, I\/D) Peel
Tester: Hemmnl npdel 5567 from I nstron Corporation Cant on, Pl asna

FLy Test Nethodd bl B Pdtns YEaEmio] %@*%"ﬂ%@ﬁ*}ﬁﬁﬂgﬁ TBE 41@%@%%”5?%”” v
Metallic M,laamlﬁzag&\&m{a[mﬂhe Minfte@pat 4320Mphi fot 2b&utd O anivutcg)o Baduded wi t h 15

g SOLSPERSE 76500 di spersant, 110 g MEK, and 164 g MBK in the M ni Cer at
4320 r pmTYed 58EHIO00 i nutes to produce a milled dispersion. Step 2 : Add

32 g5 EPON 10015k, andy B30, EBON i&ﬁoﬁ b é*g FEPOVFK0 SPIoVRY MESRbSIved?, SHilei
D spermat di ssol% untl% conpletely disSsolved. Step Add 10 g CAF to the

epoxy solth¢ D@peﬁnatrdusﬁoleprmtllsbmpleaelymmlzetb g of the BaTi 38 sol ut| on (rade

in Step 1), K t|o romstep3 spin in the
Di sper mat di s;g’g?R/érA‘?pnwg%fOWC}F él’@ :'51 fained. Step 5 : Coat a 7
um t hi ckness otef hl%ddﬂﬁig@pdhetﬂaqmpmlm veﬁlaabﬁp% af, a‘ﬁ@ﬂQ@"g MEK! tothep 6 :
Lam nate the two coated copper pieces together w tﬂ LCP nonwoven

mat eri al XY S@ntm@ fromrpop b epnae thet Pisperost dlgsqu@tuaﬁbmlﬁbrm dspepiiorls
| am fat Orob?al g tenperature of 1630C and speed of 0.9 nmeter/m nutes. Step 7
nduct Thal  hi gh tenperature cure in air at 1900C for 4 hours to form

a capaci tor | BtemaiEoat ATauns didGictadtaRe fihaltsbRitioAPA®I thorpid@FbNEdppsr Mkl e
neasur ed usi ngﬁja st andard ohmeter and the thickness of the dielectric

| ayer was neastfrél lamiapte thenipgoatse copper pirsce @gabet vitk theddsP 11911%\5611
cal cul at g, 0¥ 6 8 S Esh PoARASHIEH KARACULAACENH RN ah NGt b ER

temperature of 163°C and speed of 0.9 meter/minutes.
15 Step 7: Conduct a final high temperature cure in air at 190°C for 4 hours to form a
capacitor laminate.

The capacitance of the capacitor laminates were measured using a standard
ohmmeter and the thickness of the dielectric layer was measured after removal of Cu. The
capacitive density was calculated by dividing the measured capacitance (C) by the areca

20 (A) of the sample.
Peel Strength = 0.57 kg/cm
C/A = 0.59 nF/em’

Dielectric thickness = 20 um

Example 2
25 Step 1: Mill 1375 grams (g) BaTiO; (BT) with 16.5 g SOLSPERSE 76500

dispersant, 110 g MEK, and 164 g MIBK in the MiniCer at 4320 rpm for about 10 minutes
to produce a milled dispersion.

Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in
the Dispermat dissolver until completely dissolved.

30 Step 3: Add 10 g CAF to the epoxy solution from Step 2.
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(A) of the sanple. Peel Strength = 0.57 kg/cm C A = 0.59 nF/cnR Dielectric

t hi ckness = 20 um Exanple 2 Step 1. MII 1375 grans (g) BaTi O3 (BT) with

16.5 g SOWGRERAR7746500 di spersant, H Oy MEK, and 164 g WCBRSRewowBa6M ni Cer

at 4320 rpmfor about 10 minutes to produce a milled dispersion. Step 2

:Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in the

Di spermat di ssol ver until conpletely dissolved. Step 3 : Add 10 g CAF to the
n

epoxy sol uti orSteR bridst ) 2oShe Blysoliin (rede in diep tlher é‘ﬁzgélMEKoFPg‘@ﬁade in
St 1), ) , ) ) i ) espindin th
5 sper DAL SR Mo, AR RS RE LR A ER SRt (G B (00,

10 um t hiobkdgiesis of the final solution onto one piece of copper foil and a
2.5 umthickness of the final  solution fon anot her pi ece of copper _foil.

Step 6 : Lam ndfR 4R # 18 vEbBIEH Y bt Il sRWHOR BRetoRe PaRF Phoqnper faep
nonueven Jgter g thlkdesd SMnARIERMNid\GMsHR Gicke BT BSRE hini P ol | er

| am nator at a tenperature of 1660C and speed of 0.3 ter/mnute. Step 7 :
Conduct a fi ndltehd dhntieatp éreattvor @atedroeppar paices wigethoO8 Eh ther LAP houwsveno f orm a

capacitor_ | am e. e _capaci tance of the capacitor |am nates re
ronour ed T (& 25l BS iR R Fure & andatd o0 Shnaf Y A2 aRest BEtas o

| ayer was|gpe@ahd §fted 5NQ.3GAR&GMIMINuYEe density was cal cul ated by dividing the
nmeasured capacitance (C) by the area (A) of the sanple. CA = 0.77 nF/cn®

Exanpl e 3 St epStap 7Nandugs aéﬁliﬁhste@g?raséq' F@s iy it 1'9°g feC BRERSEOPB300
per santap%cllgla%l.ll\l/gg, and 164 g MBK in the MniCer at 4320 rpm for about

dis
10 m nut €8 6t0pro uce a mlled dispersion. Step 2 : Add 32 g EPON 1001 F and

8 g EPON 1050 Tz chPadtaMdofant vgntitordpinihatdld wdemdhsp&l kg dbtasdryer unti |
conpl etely dissolved. . ) ) o )
ohmmeter and the thickness of the dielectric layer was measured. The capacitive density
was calculated by dividing the measured capacitance (C) by the area (A) of the sample.

C/A = 0.77 nF/cm®

15 Example 3
Step 1: Mill 1500 grams (g) BaTiO; with 18 g SOLSPERSE 76500 dispersant, 110

g MEK, and 164 g MIBK in the MiniCer at 4320 rpm for about 10 minutes to produce a
milled dispersion.

Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in

20 the Dispermat dissolver until completely dissolved.

Step 3: Add 10 g CAF to the epoxy solution from Step 2.

Step 4: Add 240 g of the BT solution, and 120 g MEK, to the epoxy solution from
step 3, spin in the Dispermat dissolver until uniform dispersion is obtained.

Step 5: Coat a 5 um thickness of the final solution onto one piece of copper foil and

25 a 7 um thickness of the final solution on another piece of copper.

Step 6: Laminate the two coated copper pieces together with the LCP nonwoven
material (6.2 gsm) between them using a standard nip roller laminator at a temperature of
166°C and speed of 0.3 meter/minute.

Step 7: Conduct a final high temperature cure in air at 190°C for 4 hours to form a

30 capacitor laminate.

15



Step 3 : Add 10 g CAF to the epoxy solution from Step 2. Step 4 : Add 240 ¢
of the BT solution, and 120 g MEK, to the epoxy solution fromstep 3, spin
in the Diwpenman7dsssol ver until uniformdispersion is obraiSe@do38sep 5 :
Coat a 5 umthickness of the final solution onto one piece of copper foil
and a 7 umthickness of the final solution on another piece of copper. Step
6 : Lam nate the two coated copper pieces together with the LCP nonwoven
material (6.2 srpparatenesdf theernagderdgminatos arraarganicgs wsong estandasd nat or at a

t enper at n e . . i ot a
final hi 5&@%‘%&%@%@3 ﬁ:? gll%ﬁlrgge)s Olq{n!hé;{hre f%gﬁlc@gé{am% ld%}ﬁﬁ%‘ﬁiggf%g a?lgrggnag%c paci t or
| am nat e. Wwheatapael Hyadierligf tht hecagapdicifaoitadcafCyby the aner (@) B dswamplusi ng a
standard ohmmet er %g t he thickness of the dielectric |ayer was nmeasured.
The capacitiv /é‘e_ngi VIER cal cul ated by dividing the measured capacitance
(C by the area (A) of the sanple. C A = 0.86 nF/cn2 Exanple 4 Step 1: MII
12505 gr arkxample 83 Ti OB with 15 g SOLSPERSE 76500 di spersant, 110 g MEK, and

i 11 od di sper <o WILER Hie SRR IGh 30 SLRE S ERGBERETE0
MEK sol venMEKS pha 164 ¢NBIOisthe MiaiCatias $310vigm fontbdutdOnpiheteetyprdidssal ved.

Step 3 :Ad@ ‘]j,gg CAF to the epoxy solution fromStep 2. Step 4 : Add 240 g
of the BMBESHEHPERONand 120 g MEK, to the epoxy sol ution fromstep 3, spin

in the D sperngl, i Py ekp 5601@5&?3?@@@%%de%mﬁé?&l@%@;s R O
Coat a 7 umthickness of "the final solufion onto two pieces o cgpper foil.
St ep0 6 : thhDmspeimeatd@Rolvenumid vempleatledissdlvédd9. 2 wt . % reducti on) using a

chem cal etchi r i udi ng a 45, wt . % K sqal ution as etchant at an
el evat ed terrpeﬁgﬂ E:rlg&gfos%g%%@&hﬁgl?ﬂxﬂ&?@@nifm by washing with
dei oni zed wat &gteRpdA Gl Y408 ofthe BAOQGuti Rl ab ol o MEEKT B B SHox Ph&Rtidn frol@M Nat e

the two coated copper pieces together with the nonwoven nmaterial between

t hem usi rigepad, spiarid dredDybgrmap Hiseal véramiihanisormedispersiempperbsgingde of 1660C and
speed of 0.3 rg?épe 5 / &a?lal%eum thickness of the final solution onto two pieces of copper foil.
15 Step 6: Thin the LCP non-woven material (49.2 wt.% reduction) using a chemical
etching process including a 45 wt.% KOH solution as etchant at an elevated temperature
of 79°C for 4 minutes, followed by washing with deionized water and drying at 120°C for
about 15 minutes.
Step 7: Laminate the two coated copper pieces together with the nonwoven
20 material between them using a standard nip roller laminator at a temperature of 166°C and
speed of 0.3 meter/minute.
Step 8: Conduct a final high temperature cure in air at 190°C for 4 hours to form a
capacitor laminate.
The capacitance of the capacitor laminates were measured using a standard
25 ohmmeter. The capacitive density was calculated by dividing the measured capacitance
(C) by the area (A) of the sample.
C/A =0.73 nF/em’

Example 5
Step 1: Mill 1375 grams (g) BaTiO; with 16.5 g SOLSPERSE 76500 dispersant,

30 110 g MEK, and 164 g MIBK in the MiniCer at 4320 rpm for about 10 minutes to produce

a milled dispersion.
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Step 8 : Conduct a final high tenperature cure in air at 1900C for 4 hours
to forma capacitor |am nate. The capacitance of the capacitor |am nates
wer e nmeaswoediwrizg a standard ohnmeter. The capaci ti ve PAErus2a1p/09&s7

cal cul ated by dividing the neasured capacitance (C) by the area (A) of the
sample. CA =0.73 nF/cn2 Exanple 5 Step 1: M1l 1375 granms (g) BaTiG3 with
16.5 g SOLSPERSE 76500 di spersant, 110 MEK, and 164 M BK in the M ni Cer
at 4320 rpm f ortembotdd 3De H @Mé@lt%arpﬁ%a@@@l‘élﬂﬁq lted0 ag\éEIérsglV@m spispn 2 : Add

32 g EPO}lhe'LBSiJ F_mﬁragssgl“ ﬁﬁm’ﬁ%g@@ﬁliaﬁ%% MEK sol vent, spin in the

D sper mat I ssol ved. Step3:Add 10 g CAF to the
epoxy sol uti orStépr)rAdii Bpg ZAFSioahe épdx&ddluﬁéﬁf@noSteplie BT solution, and 120 g
MEK, to the ep SO roms in the sper mat dls ol ver
until uni f or mi M%{i’%‘k) o0k gionseah! B ¢ Vgsirto oo ek vogs of
the §inalggol y fnqmmbfa &Hi%t Bis6Ger AP BRRG difldrsiGifl bidndy um L hi ckness of
the Tinal sol’ution on aﬂot her pi ece of copper Step 6 : Thin the LCP
non-woven nat efte@b: (Cah8a]10\mlm B akadssaifitionfinal solngomoutoent paice ef cépipegfopr ocess

i ncl ud| n 5% ol ut etchant at .an el evated tenperature of 67C
for o HEacS pol PisHRG 6} ThdQHl SYSURLR SOt FEROREAUE B drying at 1900C
for about 15 mteWi6erhin §qupc17nen Lattnalerihh@ st MRt GoRE QIR PRRES o Bh&EFies
together with the nonwoven material between them using a standard nip

rol l er | at¢hing process 1@1‘1‘@%@Aéym@H(ﬁolﬁ@@@@eb?h@mtgape@glemte@tegnmt@r,e ofi hut e,
St eForm PRGES ?‘m{t%:sn?oll e%ﬁ,yﬂ,]a E{gatlltﬁ - Gur eedsfvatte g4 rtﬁim(lg?at GodcOF, 4 hours

a capaC| aci tance I"am nat es
Were nmeasdboed] Usingsa st andard ohrmeter The capacitive densi ty was
cal cul ated by dividing the neasured capacitance &C) by the area (A) of the

sanpl e. C A = Steg Lmiipafp thedaippioated copper picces together with the nonwoven

material between them using a standard nip roller laminator at a temperature of 166°C and
speed of 0.3 meter/minute.

15 Step 8: Conduct a final high temperature cure in air at 190°C for 4 hours to form a
capacitor laminate.

The capacitance of the capacitor laminates were measured using a standard

ohmmeter. The capacitive density was calculated by dividing the measured capacitance
(C) by the area (A) of the sample.

20 C/A =1.08 nF/em’

Example 6
Step 1: Mill 1375 grams (g) BaTiO; with 16.5 g SOLSPERSE 76500 dispersant,

110 g MEK, and 164 g MIBK in the MiniCer at 4320 rpm for about 10 minutes to produce
a milled dispersion.
25 Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in
the Dispermat dissolver until completely dissolved.
Step 3: Add 10 g CAF to the epoxy solution from Step 2.
Step 4: Add 240 g of the BT solution, and 120 g MEK, to the epoxy solution from
step 3, spin in the Dispermat dissolver until uniform dispersion is obtained.
30 Step 5: Coat a 10 um thickness of the final solution onto one piece of copper foil

and a 2.5 um thickness of the final solution on another piece of copper foil.
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Step 1: MII 1375 granms (g) BaTiO3 with 16.5 g SOLSPERSE 76500 di spersant,
H Oy MEK, and 164 g MBK in the Mni Cer at 4320 rpmfor about 10 mnutes to
produce awoi2bioad7dsspersion. Step 2 : Add 32 g EPON 1001 PETArsdo18/031EPON 1050
to 40 g MEK solvent, spin in the Dispermat dissolver until conpletely

di ssolved. Step 3 :Add 10 g CAF to the epoxy solution from Step 2. Step 4
:Add 240 g of the BT solution, and 120 g MEK, to the epoxy solution from
step 3, spin iYien dellmn diedrGRnowwoyen paieright4o2 Whis isAwstions puns p shemisal
obt ai ned. , St e G - ' ' | 0 one

pi ece of eé%%%ﬁgéf) eOSIS ﬁ?ﬁ\%ﬁ%}gsgﬂrﬁﬁﬂ%@@%}g gcg‘%ﬁt%ﬁfgﬁ fg' ll%kaét?&)léeﬁ ue? #%r(r%%tgn

anot her pi9%Cdond mimppe folfomvdd. bStveghmg wilthddiotiibeal wler mahdrwingein 126fCeforal  (49. 2
wt . % reduag)ti Of%WUSi ng a chem cal etching process including a 45% KOH

sol uti on %RVt HYNCSat an el evated tenperature of 79C for 4 ninutes,

fol lowed by waghi ﬁ:&a%ih&e%%&%%d%%ﬁ% éﬁé&Qs %rg%{ﬂ'h&gwﬁh theafwol@d about 15

mnutes. Step 7. Lamnate the two co copp pi eces together with the
nonwoven matealibatwdsetthvre nsing e standand gripradtea hdenadonatp tempéreturd afi 6é€ end at a

t enper at ure (gf ?600 ﬁnd speed of 0.3 neter/mnute. Step 8 : Conduct a
final hi gRY ?'Fpoé @B e in air at 1900C for 4 hours to forma capacitor

| am nate. The QigpRAidrANGE: Phalhiid teRAB&GIOEuk dThidal BR V54 ARAS W RPmUsSi Ng a
standard ohmmeter. The capacitive density was cal cul ated by dividing the

measur ed ceppaer taariseie( C) by the area (A) of the sanple. A =1.1 | nF/cn?
Exapple 7 Stepnl: M Il 137 [ alrs. Bali O3 with 1. % SOLSPERSE 76500
e P st g R Rt e Sy 5y

di spersant, H ni rpm for about
10 m nut eshnirfetpr, Othecapacitivd deaditgivapedisiland bpldepdidg tddeaddred apdNad&01 F and
8 g EPON 1050 to 40 % MEK sol vent, spin in the Dispermat dissolver until
conpl et el() 8y dcargedd) ditegpsagimigld 10 g CAF to the epoxy sol ution from Step
2. I Step 4f:Adct/%49191191fF/&1l{”e BT solution, and 120 g MEK, to the epoxy
solution from '

Example 7
15 Step 1: Mill 1375 grams (g) BaTiO; with 1.2 wt% SOLSPERSE 76500 dispersant,

110 g MEK, and 164 g MIBK in the MiniCer at 4320 rpm for about 10 minutes to produce
a milled dispersion.

Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in
the Dispermat dissolver until completely dissolved.

20 Step 3: Add 10 g CAF to the epoxy solution from Step 2.

Step 4: Add 240 g of the BT solution, and 120 g MEK, to the epoxy solution from
step 3, spin in the Dispermat dissolver until uniform dispersion is obtained.

Step 5: Coat a 10 um thickness of the final solution onto one piece of copper foil
and a 2.5 um thickness of the final solution on another piece of copper foil.

25 Step 6: Thin the LCP non-woven material (51.1 wt.% reduction) using a plasma
etching process including oxygen and CsFs plasma with oxygen gas flow rate of 500
standard cc*/min (SCCM) and CsFy gas flow rate of 100 SCCM, a pressure of 300 mTorr
and RF power of 2000 Watts for 4 minutes.

Step 7: Laminate the two coated copper pieces together with the nonwoven
30 material between them using a standard nip roller laminator at a temperature of 166°C and

speed of 0.3 meter/minute.
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step 3, spin in the D spermat dissolver until uniformdispersionis
obtained. Step 5 : Coat a 10 umthickness of the final solution onto one
pi ece of woppwvi2fms| and a 2.5 umthickness of the finalPC3aiSat1008316M

anot her piece of copper foil. Step 6 : Thin the LCP non-woven nateri al
(51.1 wm.%reduction) using a plasma etching process including oxygen and C
F g plasma with oxygen gas flow rate of 500 standard cc3/mn (S and

C3F8 gas fl ow Yer & @mdugx Grthighdcmpergtye surgfin gt 1ﬁﬂ)€rf0ra41howt0pf9ﬂ@ra of
2000 wattg %(ﬁ{o ﬁmml,g[gt es. Step 7 : Laminate the two coated copper pieces

t oget her { e nonwoven rmaterial between them usi ng a standard nip

roll er | am natTte capadtahengahatapaeit@flachbGS vanenepaec wlinda &andard

nmeter/ mnute. Step_8 : Condu(it aflnal f] gh tenmperature cure in air at 1900C
for 4 hol ey oFis Cap%%\af‘c DSy PanFetarcd WélVdilaaéhetra??ééreéfcaP%étaE%?pac. tor
| am fat ey ehdBaSUL tHéé 1@ standard ohnmmeter. The capacitive density
was cal cul ated by dividin e neasured capacitance (C) by the area (A) of
t he sanple. C/KA= 11441Fr‘d¥ncn2 Exanple 8 Step 1: MII 1375 grans (g) BaTi 3
with 16.5 g SOLSPERSE 76500 di spersant, H Og MEK, and 164 g MBK in the

M ni Cer (Exaniph82) at 4320 rpm for about 10 minutes to produce a m'IIed

di S 1001 F and 8 EPON 1050
s:ﬂsegﬁf 'ng. ntSetngH\éhlgWéearﬁlﬂ g?\' fi@é%‘éfﬁthdgtﬁg S@BﬁBE%Eﬂ@S%‘% 3@5@%& Step 3

:Add 10 g %ﬁw@k%ﬁ@l@@%mq@ %k%nfd&ga@mz%at%ﬁn% foftdgod4@ g of the

BT sol ution,” and to the epoxy soluti'on step 3, spinin the
Di stiérnntmnhu&s@tp@duwamhlladrdwp@rmtdl sperS| on is obtained. Step 5 : Coat a

2.5 um thi ckned® SrACRE ErERaN ST AP BRPCRTTRE) SRLbudr SBE P 67 °

Step 6 : {RODXpbARatldtERo RN EMpBRIL HisRdIvéB8. 4 Wt . % reduction) using a
pl asma etchi ng process including oxygen and C F g plasma with oxygen gas

flow rate of 59ep é‘tféfftibbﬁglce"&tb pcfseenjutign droasS8pgas f | ow rat e of 100
SCCM - a pr eSSLgt %! fA(?(P 94 f the %ﬁdsoﬁllztld% il lﬂ{ I%ang tV\?he epoxy solutlon i onm es.

15 step 3, spin in the Dispermat dissolver until uniform dispersion is obtained.

Step 5: Coat a 10 um thickness of the final solution onto one piece of copper foil
and a 2.5 um thickness of the final solution on another piece of copper foil.

Step 6: Thin the LCP non-woven material (38.4 wt.% reduction) using a plasma
etching process including oxygen and CsFs plasma with oxygen gas flow rate of 500

20 standard cc*/min (SCCM) and CsFy gas flow rate of 100 SCCM, a pressure of 300 mTorr
and RF power of 2000 Watts for 3.2 minutes.

Step 7: Laminate the two coated copper pieces together with the nonwoven
material between them using a standard nip roller laminator at a temperature of 166°C and
speed of 0.3 meter/minute.

25 Step 8: Conduct a final high temperature cure in air at 190°C for 4 hours to form a
capacitor laminate.

The capacitance of the capacitor laminates were measured using a standard
ohmmeter. The capacitive density was calculated by dividing the measured capacitance
(C) by the area (A) of the sample.

30 C/A =1.03 nF/em’
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Step 7 : Lamnate the two coated copper pieces together with the nonwoven
mat eri al between themusing a standard nip roller lamnator at a

t emrper at Wwe 20f0/12688C and speed of 0.3 neter/m nute. StepC®us2@onsiler a
final high tenperature cure in air at 1900C for 4 hours to forma capacitor
| am nate. The capacitance of the capacitor |am nates were neasured using a
standard ohmeter. The capacitive density was cal cul ated by dividing the
neasur ed B@aEd¢ 2ance (C) by the area (A) of the sanple. A = 1.03

76500 i apor san? | LG Vekdrn ) B iO Rl SISk S RIS 0P afla g
about 10 NORMEK, tod pébdd MBKaimhk Midi(thr ap43 )i rpm foStiequt 20 niideteS® golRGN 1001

F and 8 g EPON 1050.to0 40 g MEK solvent, spin in the Di spermat dissolver
until corfpPBled|dsPaisidol ved. Step 3 :Add 10 g CAF to the epoxy sol ution from

Steps 2. Step A lds g 9 EPON g0 18T aPh gtEPQ)N 1858 1Q ME\I@%%IV&R, hEinepoxy

solution fromstep 3, sprn in the D spermat dissolver until uniform

di sper si aghe DsspebnatidmsalveiSirg comple@dmtlissolt@. um t hi ckness of the final
sol ution onto gne.pj of per foil and 2.5 umthickness of the final
sol ution on anﬁ?fhé'rA%fﬁQ:%C&CPO@C}E?)_%QOXP@PF{{UO ?@Bl gteP_r?Thi n the LCP non-woven
material (29. Ki¥f 4AdEIHES bPIME BASIoM&ich, RARSI By SAFKItH %@é&@sz?wuﬁ&@ freghl ng.

s

oxygen and C F g plasma with oxygen gas flow rate of 500 standard cc3/mn
(SCCM) arsierCBBBingashef Piopermat dispilvarontiSouigrmedippessien tseobtfin@00 niforr and RF

po of 2000 s-for 2.4 m es .. ... Lam nate.the.two ted
Do, Ol 2oes YRR el B ISR il sdlution G AL Bidk LBy LidCE AR ©F

st andar d aadp 2.9 limeahickadss BatheIfinal sauti@ngaeimiis: it ol 6&fper folld speed of 0.3
neter/ mnute. Step 8 : Conduct a final hiimtlgh tevr&)eratur,e cure in air at
1900C for 4 hoterotBhip gk QP sapaevenmafear] EEwt thededivat tiag e elasmat he

Capact T AL AL S A PR S 00, S ADIRL AIOTRL e Foacapaci v
standard cc*/min (SCCM) and CsFy gas flow rate of 100 SCCM, a pressure of 300 mTorr
15 and RF power of 2000 Watts for 2.4 minutes.

Step 7: Laminate the two coated copper pieces together with the nonwoven
material between them using a standard nip roller laminator at a temperature of 166°C and
speed of 0.3 meter/minute.

Step 8: Conduct a final high temperature cure in air at 190°C for 4 hours to form a

20 capacitor laminate.

The capacitance of the capacitor laminates were measured using a standard
ohmmeter. The capacitive density was calculated by dividing the measured capacitance
(C) by the area (A) of the sample.

C/A = 0.96 nF/em’

25 Example 10
Step 1: Mill 1375 grams (g) BaTiO; with 16.5 g SOLSPERSE 76500 dispersant,

110 g MEK, and 164 g MIBK in the MiniCer at 4320 rpm for about 10 minutes to produce
a milled dispersion.
Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in
30 the Dispermat dissolver until completely dissolved.

Step 3: Add 10 g CAF to the epoxy solution from Step 2.
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(C© by the area (A) of the sanple. A = 0.96 nF/ cn2 Exanple 10 Step 1:

MIIl 1375 granms (g) BaTiB with 16.5 g SOLSPERSE 76500 di spersant, H Qg
MEK, and we20y/MWBK in the M ni Cer at 4320 rpm for abouPCIT@SAINO8HST t O
produce a mlled dispersion. Step 2 : Add 32 g EPON 1001 F and 8 g EPON 1050
to 40 g MEK solvent, spin in the Dispermat dissolver until conpletely

di ssolved. Step 3 : Add 10 g CAF to the epoxi; solution fromStep 2.Step 4

: Add 240 g of YeedBYdEH0g pbthe Bingplutim, gn g MEK He tharpeyy selutier HAMf r om
Con 3. Soimint : o y PUv
bt i e s PR By DARETEBlisCl P Ut PluiSH) i RUERET S 01 L2 e

pi ece of copp&tep HilCoaandOan?thicknmstdiitlokined Solafioh betofonadiccs of tdppenfodin

anot her pi ece of copper fqil. Step 6 : Thin the L non-woven material (20
wt . % r edd@idn) u@é}?ﬁgnﬁsﬁ?ﬁ@r@a&ﬁmwn&@@&gl%ﬁe E&ﬂpﬁ@}noglxygen and C F g

pl asga wi th oxygen. Bas wid oM hah-SoEn RBQ B @adard r@&ﬁi%ﬂsﬁ@cﬁ{%sﬁﬁd C3F8
gas flow rate of 100 SCCM a pressure of 300 mlorr and RF power of 2000

Wat t s f oretchig prioness escludihgepxyken ahd i Raplesnheith woy gemagae dlovopieert SpDeces

together with the no i al petwee ing a stapdard. nip

ol Ter 1 AMHAKE T B S aPa e s MR st BreSu s SRR Rirb o
Step 8 ! fa@mdugdwa of060 Wit@lolt EFRBR@EYr € cure in air at 1900C for 4 hours
to forma capacitor |am nate. The capacitance of the capacitor |am nates

wer e neasur ed Y Aid amigata taivg ehiedwopper pPTises wapthet vith ehedmwmsiovgn was

canifer Gttt D8 plE SEHIA pRERAEH LANGRo! oS (B Gt e
Wi th 16. SpgedSEPERBmamR0 di spersant, H Og MEK, and 164 g MBK in the

M ni Cer (or LMZ-2) at 4320 rpmfor about 10 minutes to produce a nmlled
di spersion. St¥pp & Condyctapiigal brtnemperature gyg iBaig aERERC forsbhews frofogmpek

sol vent, ﬁﬁédﬂftok Phminate.

The capacitance of the capacitor laminates were measured using a standard

-

15 ohmmeter. The capacitive density was calculated by dividing the measured capacitance
(C) by the area (A) of the sample.
C/A =091 nF/em’

Example 11
Step 1: Mill 1500 grams (g) BaTiO; with 16.5 g SOLSPERSE 76500 dispersant,

20 110 g MEK, and 164 g MIBK in the MiniCer (or LMZ-2) at 4320 rpm for about 10
minutes to produce a milled dispersion.
Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in
the Dispermat dissolver until completely dissolved.
Step 3: Add 10 g CAF to the epoxy solution from Step 2.
25 Step 4: Add 240 g of the BT solution, and 120 g MEK, to the epoxy solution from
step 3, spin in the Dispermat dissolver until uniform dispersion is obtained.
Step 5: Coat a 5 um thickness of the final solution onto one piece of copper foil and
a 7 um thickness of the final solution on another piece of copper foil.
Step 6: Thin the LCP non-woven material (30 wt.% reduction) using a plasma
30 etching process including oxygen and CsFs plasma with oxygen gas flow rate of 500
standard cc*/min (SCCM) and CsFy gas flow rate of 100 SCCM, a pressure of 300 mTorr
and RF power of 2000 Watts for 2.4 minutes.
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the Dispermat dissolver until conpletely dissolved. Step 3 : Add 10 g CAF to
the epoxy solution from Step 2. Step 4 : Add 240 g of the BT solution, and
120 g MEKvoORo1rRe24e8poxy solution fromstep 3, spin in tiRETDISS@OHOBHG7

di ssolver until uniformdispersion is obtained. Step 5 : Coat a 5 um

t hi ckness of the final solution onto one piece of copper foil and a 7 um

t hi ckness of the final solution on another piece of copper foil. Step 6 :

Thin the LCP ndfi Wdvashinga the twel coasd cappaypicsauogrhay wilk iegroavievas ma et chi ng

St andar o BRSO QIR L 0E oSSy PR Y A3 p BT OB LR o
300 nilor rspagitofRF3 peveefmiafitc2000 WAtts for 2.4 minutes.Step 7 : Lam nate the

two coated copper_pieces together with the nonwove terial between them
using a St andatep RiGOTIuP 04l BRSPS aurﬁé%léﬁbf%ﬂq@ fot hewote Sspeed
of 053 ngLELAi MiBateSt ep 8 : Conduct a final high tenperature cure in air

at 190Q0C for 4 hours to forma capacitor |am nate. The capacitance of the
capaci t or | amHeteepacene: ofghs tapaditardamages steanoanoirahwieg standiind capaci ti ve

density s cal cul,ated by dividing the neasur.ed, capacitanc C) .by the area
(% of 1 BB o AReciive 4o i oI EUR PY iR By SRR Tksgotes s (o)
BaTi B Wi(h b} & GarSAORFRREAGRO0 di spersant, 110 g MEK, and 164 g MBK in
the Mni Cer at 4320 rpmfaor about 10 mnutes to produce a mlled

di spersi on. St@p 21:08dd/@2 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK
solvent, spin in the D spermat dissolver until conpletely dissolved. Step 3
: AdD 10 Ex@API¢ &2t he epoxy solution fromStep 2. Step 4 : Add 240 g of the

b1 sper mat o scurh o MR e s Gt B AL B AT R hydersRl g, 2%

um t hi cknesErofand 164 EINIBEK SO VAT R Rt 230NPnPio@ 680 106RRRE tf Roliu@nd a 7 um
t hi ckness of the final solution on another piece of copper foil. Step 6 :

Thi n t he mdpd denesaonen mat eri al (20 w. % reduction) using a pl asm
Step 2: Add 32 g EPON 1001 F and 8 g EPON 1050 to 40 g MEK solvent, spin in

15 the Dispermat dissolver until completely dissolved.
Step 3: Add 10 g CAF to the epoxy solution from Step 2.
Step 4: Add 240 g of the BT solution, and 120 g MEK, to the epoxy solution from
step 3, spin in the Dispermat dissolver until uniform dispersion is obtained.
Step 5: Coat a 5 um thickness of the final solution onto one piece of copper foil and

20 a 7 um thickness of the final solution on another piece of copper foil.

Step 6: Thin the LCP non-woven material (20 wt.% reduction) using a plasma
etching process including oxygen and C;Fg plasma with oxygen gas flow rate of 500
standard cc’/min (SCCM) and CsFg gas flow rate of 100 SCCM, a pressure of 300 mTorr
and RF power of 2000 Watts for 1.6 minutes.

25 Step 7: Laminate the two coated copper pieces together with the nonwoven
material between them using a standard nip roller laminator at a temperature of 166°C and
speed of 0.3 meter/minute.

Step 8: Conduct a final high temperature cure in air at 190°C for 4 hours to form a
capacitor laminate.

30 The capacitance of the capacitor laminates were measured using a standard
ohmmeter. The capacitive density was calculated by dividing the measured capacitance

(C) by the area (A) of the sample.
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etching process including oxygen and C F8 plasma with oxygen gas flow rate
of 500 standard cc3/mn (SCCM and C3F8 gas flow rate of 100 SCCM a
pressur e WO 280012mHSrr and RF power of 2000 Watts for 1. ®CEiUsSat1e83318tep 7 :
Lam nate the two coated copper pieces together with the nonwoven materi al
between themusing a standard nip roller lamnator at a tenperature of
1660C and speed of 0.3 nmeter/mnute. Step 8 : Conduct a final high
temperature cur/@ 7A-94inF/@" 1900C for 4 hours to forma capacitor |annate.
The capacitance of the capacitor |am nates were neasured using a standard
ohmret er .Exphwlebbacitive density was cal cul ated by dividing the neasured

Step 1: w11 koo gnFLOGR e B DTN ARTR N ool Ml gl Bl
110 g MEK V@K ah6464 §M@K itht heinM driaCe32 (a2 Qb6 R MO fihu@b BlprodGbed Nut es

to produce a mlled dispersion. Step 2 : Add 32 g EPON 1001 F and 8 g EPON
10505 t o 4oillgd gBReswivent, spin in the Dispernat dissolver until conpletely

di ssol ved. St . [ . Step 4
Thdd 2403 of THC UGN REPOR Tl bl GRBEA SPA b AN MIRAIGHR i 8 70
step 3, sht Didporrhdielidsblspenrtiicottpksady dBkoluad.i | uni form di spersion is
obtained. Step, 5 ; C;i)(?t a 7 um hhl cknesgl,of the final solution onto two

pi eces of coppesP $ordd 10sg £ Fgto- therppaxySARIIAB ALORHYER 2mat eri al 30 wt. % using a

pl asma etchin C i [ n m ' gas
flow rate of (5)5685 ?tgﬁﬁ%idgég% %ﬁnﬁ%&é%@d;gzé@%{ggs f 8&?%@# gg%f%%oo

SCCM a pﬂtqﬁs wpia i0thcIDBpenio dismidermiﬁtipmvi/ﬁymndismﬁﬁll iAaItxteénefdor 2.4 mnutes .
e 7 i Lam ngte he, e, coated Conper, ALSEES, LORSLASE M LhoLle pgever
omper s, SIudpeoRinm s vt oM e gl o
| ami nat e.including oxygen and C;Fg plasma with oxygen gas flow rate of 500 standard cc’/min
(SCCM) and CsFg gas flow rate of 100 SCCM, a pressure of 300 mTorr and RF power of
15 2000 Watts for 2.4 minutes.
Step 7: Laminate the two coated copper pieces together with the nonwoven
material between them using a standard nip roller laminator at a temperature of 166°C and
speed of 0.3 meter/minute.
Step 8: Conduct a final high temperature cure in air at 190°C for 4 hours to form a
20 capacitor laminate.
The capacitance of the capacitor laminates were measured using a standard
ohmmeter. The capacitive density was calculated by dividing the measured capacitance
(C) by the area (A) of the sample.
C/A =0.99 nF/em’
25 Various modifications and alterations of this invention will become apparent to
those skilled in the art without departing from the scope and spirit of this invention and it
should be understood that this invention is not to be unduly limited to the illustrative

embodiments set forth herein.
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The capacitance of the capacitor |am nates were neasured using a standard
ohmeter. The capacitive density was cal cul ated by dividing the neasured
capaci t armwe 200)12m4a5t he area (A) of the sanple. C A = 0. 9eTAISLEOM3NET | OUS
nodi fications and alterations of this invention will becone apparent to
those skilled in the art without departing fromthe scope and spirit of
this invention and it should be understood that this invention is not to be
undul y | i WiHAEdS (3.AMBD I5:| ustrative enbodi ments set forth herein. WHAT IS
CLAIMED IS: 1. An article conprising: a passive electrical article having a
di el ectrile | ayknr agtiglemoipirisipga resi n and a nonwoven material. 2. The article
of claim1l wherein the erial .is selected from .gro

consi ot ing of 1 aara e ST BRie TS et e RGE Eoupri B pSTHEHE

pol yacrylonitrile, goalpéopuiceae, pol yvi nylidene fluoride (PVDF), and
hybrid materials such as poly(ether sulfone)-polyvinylidene fluoride

(PES PVDR) , poméea.trmé bffbl‘dﬁn ll%HeYé{h el dodGRGed MeRELOR séiB&bd B\c{%e group

pol yacrylonitril epol yvinylidene fluoride (PAN-PVDF), ethylene
chlorotr|f|uomvemHyhaﬂﬁumEUﬁFEyumﬂwumcOﬂbnnaﬂwﬁhsAﬂﬁﬂﬁﬂbmq 3. The article
of claim1l wherein the nonwoven nateri.al es |liguid cr taI pol ymer.
% The arti of dogrengiS MRSFEnen et R RS BTRs hries [SYDFy Sy Bufe

m cronmeters t anab@all s&h@sIﬁogf(@tﬁﬁts%[féné)tpcﬁjkvmﬁldei[@ﬁu@lﬁdd @Es-PVDE),ai m 1
wherein the nonwoven nateri al npri_ses bers having di aneters of about 20

to about 500 rohthariapde- mlwmldaﬁ@ ﬂé@fédeﬂDE&Pé’Dﬁ)ip‘v%iWéﬁoﬁltﬂl@e di el ect r| c
Iay further C

vvher ein the n&)(r\?\?ﬁp @lﬁﬁn% g?ﬁ?ljé sA I\g E@ff) éﬁh}??%emgl{l%r-gﬂﬁ}%l%&ét@gggﬁ (fsEd‘qlP%)
mel t bl own nonwmdeombimpomdbhedoHonwovens, and electrospun nonwovens. 8. The
article of claim1 wherein the nonwoven material is crosslinked.

3. The article of claim 1 wherein the nonwoven material comprises liquid crystal
polymer.
4. The article of claim 1 wherein the nonwoven material is about 20 micrometers to
15 about 0.5 micrometers thick.
5. The article of claim 1 wherein the nonwoven material comprises fibers having

diameters of about 20 to about 500 nanometers.

6. The article of claim 1 wherein the dielectric layer further comprises dielectric
particles.
20 7. The article of claim 1 wherein the nonwoven material is selected from the group

consisting of meltblown nonwovens, spunbond nonwovens, and electrospun

nonwovens.

8. The article of claim 1 wherein the nonwoven material is crosslinked.

9. The article of claim 1 further comprising a conductive substrate on either side of
25 the dielectric layer.

10. A method of making an electrical article comprising;:

providing two conductive substrates,

coating a resin on a surface of each conductive substrate,
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9. The article of claim1 further conprising a conductive substrate on
either side of the dielectric layer. 10. A nethod of making an el ectrical
article cwopoimgiznys provi ding two conductive substrat es PCEABRINY3HAET €Si N ONn
a surface of each conductive substrate, providing a nonwoven nmateri al

bet ween the resin-coated surfaces of the conductive substrates, and

| am nating the resin-coated conductive substrates and the nonwoven materi al
t oget her. 11. Therayidingd negweyeaimatamal pseyesn ihe geinrfoaRdverHageaoétical is
selected fromthe Q%ﬁ&ﬂnﬁ%@ﬁ&%&kﬁﬁnﬁﬁ l'iquid crystal polymer, nylon,

pol yester, polystyrene, polyacrylonitrile, polypropylene, polyvinylidene
fluoride (PVDF), tintdndtygrthe ravit-evatal @ndugive asbgpatag (@ed biernonwoven material

sul f one) - pol yvi nyl i dene fl uoride (PES-PVDF), polyetherimde- polyvinylidene
fluoride (PEi-PVDF)8§$bityacryl onitril epol yvinylidene fluoride (PAN PVDF),

et hyl ene chlorotrifl uoroethyl ene (ECTFE), and conbi nati ons thereof. 12. The
met hod ofllel aiTheroethpdekelaping Hewheisiothe RoRwe eani mastefial inprbeptediioniths givbPers to

about 0.5 mcr i € . | al erein the
nonwoven natefﬁgﬁgggﬁgﬁg@%gmyégggé %Vl%@ﬁggg%%%%ﬁ%ﬂ%%gg%%ut 20 to about
500 nanonet er olykdrylditigilegiohgdomicre] polpvihQliddne frioridé (RV DBaMedridat eri al i s

crosslinked. 15. A nethod o king an el ectrical _articl]e conprising:
coating a resirﬂatﬁ%%léﬁu%lrflsQOLv&ﬁgtﬁ%lré@?fsfle)aporly‘flgxhdeaﬁ&u@rthlw@FsS \EBF& e, forming

a nonwoven mat gl md@.}ﬂw RicRE AfoFRE -psmﬁu I Y&yRHRSfL at e, and
| am nati ng théﬁg%n&ﬁctiv suﬁgﬁrgte togetﬁgg W t ’?ﬁg(?%sin | ayer and
nonWbven mat erjodyvifidciengflearcde (FANP VDID, ctiylenadtlbrottifbforedtiaylenclECAFED) i n t he
nonwoven nateri out 208E10roneters to about 0.5 microneters thick.

e

gl i%.a ‘
17. The net hod 8 RPLHPISIGElei n t he nonwoven material conprises fibers

havi ng di ameters of aboyt 20 to about 500 nanoneters. i
12. The method of claim 10 wherein the nonwoven material 1s about 20 micrometers to

about 0.5 micrometers thick.

13.  The method of claim 10 wherein the nonwoven material comprises fibers having
15 diameters of about 20 to about 500 nanometers.

14.  The method of claim 10 wherein the nonwoven material is crosslinked.

15. A method of making an electrical article comprising;:

coating a resin layer on a surface of a first conductive substrate,
forming a nonwoven material on a surface of a second conductive substrate,
20 and
laminating the conductive substrate together with the resin layer and nonwoven

material facing each other.

16. The method of claim 15 wherein the nonwoven material is about 20 micrometers to

about 0.5 micrometers thick.

25 17.  The method of claim 15 wherein the nonwoven material comprises fibers having

diameters of about 20 to about 500 nanometers.

18. A method of making an electrical article comprising;:
forming a nonwoven material on a first surface of one or both of a first and
second conductive substrate;

30 coating a resin layer on the first surfaces of both conductive substrates, and
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18. A method of making an electrical article conprising: formng a nonwoven
material on a first surface of one or both of a first and second conductive
substr at evocoawiznmgsa resin | ayer on the first surfaces @CThstéomssiducti ve
substrates, andlam nating the conductive substrates together with the
resin-coated first surfaces facing each other. 19. The nethod of claim18
wherein the nonwoven material is about 20 m croneters to about 0.5

m croneters thi clmipgingithe copshupiber BibstEdtes iegatBeridh dicqetiprsosehiieien materi al
conprises fibers has‘dif%’es%&ﬁ@%fcﬁlsoﬂ?ér. about 20 to about 500 nanoneters.

19. The method of claim 18 wherein the nonwoven material is about 20 micrometers to

about 0.5 micrometers thick.

5 20.  The method of claim 18 wherein the nonwoven material comprises fibers having

diameters of about 20 to about 500 nanometers.
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