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CONSTRUCTION FOR 5 RESISTOR AND CAPACITOR FORMATION
BACKGROUND OF THE INVENTION Field of the Invention 10 This
W&o fetates to a multilayered construction useful for forfhiH§S2006/005423
capacitors and resistors, on printed circuit boards, other microelectronic
devices, and the like. The multilayered construction comprises
sequentially attached layers including a first electrically conductive layer,
a first thermosetting polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, 15 and a nickel-phosphorus electrical
resistance material layer electroplated onto a second electrically
conductive layer. De~f the Related Art As the circuitry design of central

processing units (Cwmkﬁm@g@%rwgg@peratlonal speed,

the performance of inte 5rated circuits becomes ever more important. The
c?rcunry design of é§3 I ARFRYEMT e se integrated

circuits, is also very |mportant Capacitors and resistors are common
elements on printed Cﬁr&gﬁgﬁémgﬁ%ﬁgﬁelectromc devices.
Capacitors are used {0 Steady the operational” power supply of such
devices. A capacitor is a device used for introducing capacitance into a
circuitieithst fureiienwprimarily to store electrical energy, block the flow of
rectgun it t f 3jterna current,. The comprlse a
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polymer layer, a heat resistant film layer, a second thermosetting polymer layer,

15 and a nickel-phosphorus electrical resistance material layer electroplated onto a

second electrically conductive layer.

Description of the Related Art

As the circuitry design of central processing units (CPU} seeks to achieve
20 increased operational speed, the performance of integrated circuits becomes ever
more important. The circuitry design of printed circuit boards, which mount

these integrated circuits, is also very important.

Capacitors and resistors are common elements on printed circuit boards and

25 other microelectronic devices. Capacﬂ;ors are used to steady the operational
power supply of such devices. A capacitor is a device used for introducing
capacitance info a circuit, and functions primarily to store electrical energy,
block the flow of direct current, or permit the flow of alternating current. They

comprise a dielectric material sandwiched between two electrically conductive



or by vapor deposition. 5 Heretofore, capacitors arranged on the surface

of printed circuit boards have been common. However, more recently,
wWiaRaGiisgre formed of a thin, double-sided copper clad I%@fﬁ%ﬁ)wﬁ@é@zs

multilayered circuit board layers thus producing excellent characteristics.

Of these options, it has been preferred to form printed circuit boards

having embedded capacitors to maximize the surface 10 area of the

circuit board for other purposes. In order to achieve increased signal
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printed eircuit boards within such a multilayer structure. The capacitance
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dommareprbiierna fratitient|or example, the dielectric material may be a gas,

such as air, a vacuum, a liquid, a solid or a combination thereof. Each material

has its own particular properties.

The performance of conventional capacitors for use in printed eircuit boards has
20 - been limited by factors such as limited minimum thickness of their dielectric

material, which detracts from the flexibility of the capacitor, the attainable

capacitance, the effect of bond enhancers on the metal foils, low dielectric

constant, and poor dielectric strength.

25 Ttis desirable to form a capacitor for circuit boards having a high dielectric
constant and an extremely thin layer of dielectric material, thus increasing the
capacitance gnd flexibility of the capacitor. To optimize the performance of a
capacitor, it is important that the dielectric material employed have good

material properties, exhibiting such qualities as superior adhesion, high



associated with extremely thin dielectric layers are the formation of
microscopic voids or other structural defects and inclusion of foreign
material. These lead to electrical shorts. For example, U.S. Pat. Nos.
5,155,655 and 5,161,086 describe 5 a method for forming a capacitor
wdhergineausingle sheet of a dielectric material is laminated tegetheiowsits42s
two conductive foils. Dielectric layers of this type are highly vulnerable to
the formation of voids, as well as the inclusion of foreign material, and are
time consuming to detect and remedy. 10 U.S. Patent No. 6,693,793
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20 '%ng uld SII‘ d to.form a multllayered st uctu[ﬁ? which has both

nma cra are time consymme to’detect an ?:
capaC|t e an réS|st|ve elements. e presen |n on prOVIdeS such a

multilayered structure for resistor and capacitor formation. The inventive
16truotsreapiqWdes, shigh Tapasi RNt etealal ng AR UGty vand

greater flexibility,.whil als Inco rating a resistor element. The
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nlcl%qmqh plilgrus electrical resjstance material layer electroplated onto a

second dlectricalFRSHAUERIE MY AR outRIBgE Apr7ormance over
15P CiOSPOREA0054 281 printed circuit boards. The thin dielectric layers allow

for higher capacitance, greater heat conductivity and greater flexibility of the
capacitor. The intermediate heat resistant film layer deters the formation of

electrical shorts between the electrically conductive foils.

20 K would be desired to form a multilayered structure which has both capacitive
and resistive elements. The present invention provides such a multilayered
structure for resistor and capacitor formation. The inventive structure provides
high capacitance, greater heat conductivity, and greater flexibility, while also
incorporating a resistor element. The multiiayefed structure includes

25 seq_tlenﬁaliy attached layers comprising: a first electrically conductive layer, a
first thermosetting polymer layer, a heat resistant film layer, a second
thermosetting polymer layer, and a nickel-phosphorus electrical resistance

material layer electroplated onto a second electrically conductive layer.



SUMMARY OF THE INVENTION The invention provides a multilayered
construction suitable for forming resistors and capacitors, which
multilayered construction comprises sequentially attached 5 layers
comprising: a first electrically conductive layer, a first thermosetting
wolyrogsdayer, a heat resistant film layer, a second thermoseiting Pl mes s
layer, and a nickel-phosphorus electrical resistance material layer
electroplated onto a second electrically conductive layer. 10 The

invention also provides a capacitor which comprises sequentially attached
layers comprising: a firstigieetricatly canduetiveiryer, a first thermosetting
polymer layer, a heat resistant film layer, a second thermosetting polymer
layer, and a nickel-phosphorus electrical resistance material layer
electrgplateiore ddecrontileletadicsiijretiod setivkd dyehrisifghesisvention
furthew psprides, avmaihadink leming a.emuitiayered consibationwhich
gomgrlgregoﬁ;[t%pgn%% fI{S} tfgerzriﬂosettln _polymer layer to a surface of a
irst électricany conduttve A& ,%TQE%%Y&]%G%%E%R%’G%TSH%US
elechabalerénistarivetmairiakiay by onicacsd iz actaisceond.eleptrically
conduetviekayshogdatiachinga Rec0nd INERASIING.PRLYIES Igys) to a

surface the electrical resistance material layer; and then attaching the first

and SSUS AT SERAR S WFher layers to opposite surfaces of a heat
resistant film layer. BRIEF DESCRIPTION OF THE DRAWINGS 25 FIG 1
1> 2 sehpuAiGISRIRRAIAIAB L RPMIRUGHSR COUSUGHAN AceRLding lo
the [nvention, including the following sequentially attache rayers: a first
e|ec‘€r¥8%§|f§f"é‘8ﬁalﬂ€tﬁ/ gl oRdvHB YRR R o HiemRspEingm heat
resistditefilaydaydraaregsandithaimposetingdanyimeedayaiolamne: fyer,
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onto a second electrically
second electrically conductive layer.

15
The invention further provides a method of forming a multilayered construction
which comprises attaching a first thermosetting polymer layer to a surface of 2
first electrically conductive layer; electroplating a nickel-phosphorus electrical
resistance material layer onto a surface of a second electrically conductive layer;
20  attaching a sccond thermosetting polymer layer to a surface the electrical
resistance material layer; and then attaching the first and second thermosetting

polymer layers to opposite surfaces of a heat resistant film layer.

- BRIEF DESCRIPTION OF THE DRAWINGS

25
FIG. 1 is a schematic representation of a multilayered construction according to

the invention, including the following sequentiatly attached layers: a first
electrically conductive layer, a first thermosetting polymer layer, a heat resistant
film layer, a second thermosetting polymer layer, and a nickel-phosphorus

30 electrical resistance material layer electroplated onto a second electrically

4



4 WO 2006/091462 PCP/US2006/005423 conductive layer. FIG. 2 is a
schematic representation of a multilayered construction according FIG. 1,
wherein an additional nickel-phosphorus electrical resistance material 5
layer has been electroplated onto the first electrically conductive layer
\ﬁH%‘UE“l@H Ihe additional nickel-phosphorus electrical resstapge,ﬁg%&r Il 5423
layer is attached between the first thermosetting polymer layer and the
first electrically conductive layer. 10 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT The invention relates to a multilayered
congyd&g%gyggble for forming resistors, capacitors, and the like. As
shown in FIG. 1, the multilayered 15 construction 1 comprises a
sequentially attached layers comprising a first electrically conductive layer
2, alfifsthermipseiting polymerlayer duiaieaid Eﬁﬁ&&@%ﬂ Imctayer 6, a
secpr! IemesSHUARANIACIANSLS,ad adleksl-aasphors sleoica

reS|stance material layer 10 electre ed onto a secon
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nickel-phosphorus electrical 25 resistance material layer 14 electroplated
Honto the flrst electrlcally conductive layer 2 such that the additional
nickel-gRBEAR, MEAIGpEEH ARt IRBRETH Bl yamdnsvatteched
between the flrst thermosettlng polymer layer 4 and the first electrically
uctlve la er 2. Thus, as shown in Fig. 2, the Iayers are sequentially
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resmtors, capacztors, and the like. As shown in FIG. 1, the multilayered

15 construction 1 comprises a sequentially attached layers comprising a first
electrically conductive layer 2, a first thermosetting potjqner layer 4, a heat
resistant film layer 6, a second thermosetting polymer layer 8, and a nickel-
phosphorus electrical resistance material layer 10 electroplated onto a second
electrically conductive layer 12, The first and second thermosetting polymer

20 layers 4, 8 may be the same or a different material, and the first and second

electrically conductive layers 2, 12 may be the same or a different material.

In another preferred embodiment, shown in FIG. 2, the multilayered
construction 1 further comprises an additional nici{el;phosphems electrical

25 resistance material layer 14 electroplated onto the first electrically conductive
layer 2 such that the additional nickel-phosphorus electrical resistance material
layer 14 is attached between the first thermosetting polymer layer 4 and the first
electrically conductive layer 2. Thus, as shown in Fig. 2, the layers are
sequentially attached as: a first electrically conductive layer 2, an additional

30 nickel-phosphorus electrical resistance material layer 14 electroplated onto the



30 nickel-phosphorus electrical resistance material layer 14 electroplated
onto the 5 WO 2006/091462 PCT/US2006/005423 first electrically
conductive layer 2, a first thermosetting polymer layer 4, a heat resistant
film layer 6, a second thermosetting polymer layer 8, and a nickel

WH9sRIRIYS, electrical resistance material layer 10 electropli;tg,gn?&to% Byosa23

second electrically conductive layer 12. 5 For purposes of this invention,
attaching means any method of appending one layer to the next layer,
non-exclusively including coating, laminating, sputtering, vapor

depgsiti I iti ati rating, either

simu Ita?égc))t %ﬁf/ﬁéggggfgjr%ﬂa Ie}.)ii(% rﬁrgﬁtegﬁrﬁggg%gg%ﬁgﬁwgg rp?ﬁﬁrc%\i}eh?%/er 2
and THEEE ‘ﬁ&é?éétﬁéﬁweéf‘dﬁemngﬁéﬁlﬁ layer Sreferabigkpresent in
the fbeaphofa cloridusitive sayer nsttoiliosie oliestispRiBIRH PEaferRd
emRodimen gy ale gaghpresent in the form of a foil. Each electrically
conductive layer may comprise either the same metal or 15 may comprise
different metals. The conductive metals appropriate for the purposes of

the Jpnesepdsisveiio mwayoiasyArRe RANE 0 Ihandedirash-amplication.
Preferably;, ically canductive layers 2, 12 comprise a material
seleged froéan%;ﬁeﬁgéé&%nggﬁ%% Fr%, cl)l}cclz%éé)n R ? %‘f@f“@h?ﬁ?ﬁ%ﬁmﬁ’ickel,
tin, GRATTAEATILEaRiTeEedsnssitioro oot osinamortitagigitheplatinum and 20

corshbinadienssand ajoystigreof. Most preferably, the electrically

1gconductive layers comprise copper. The electrically conductive layers

preferably have a thickness of from about 0.5 to about 200 microns, more
prefd} sleseicals seniugieblowr 20mditonsohrectivdiictivelnaterials

useakin there aRagiBKERlsHiSH MVERoRMay AR FaRYIRsIag With a shiny

side,surface and a.matte surface.
R I]E’lg most preferie enﬁ)o iment, they are each present in the form of a

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

15 may comprise different metals. The conductive metals appropriate for the

purposes of the present invention may vary depending on the desired
application. Preferably, the electrically conductive layers 2, 12 comprise a
material selected from the group consisting of copper, zinc, brass, chrome,

nickel, tin, aluminum, stainless steel, iron, gold, silver, titanium, platinum and

20  combinations and alloys thereof. Most preferably, the electrically conductive

25

layers comprise copper. The electrically conductive layers preferably have a
thickness of from about 0.5 to about 200 microns, more preferably from about9
to about 70 microns. The conductive materials used in the capacitors of this
invention may be manufactured with a shiny side surface and a matte surface.
Examples of such conductive materials_ are disclosed in U.S. Pat. No. 5,679,230

>

which is incorporated herein by reference.

The electrically conductive layers 2, 12 may be provided with a bond enhancing

treatment on one or both sides. One or both sides of the layers may optionally



25 Examples of such conductive materials are disclosed in U.S. Pat. No.
5,679,230, which is incorporated herein by reference. The electrically
conductive layers 2, 12 may be provided with a bond enhancing
treatment on one or both sides. One or both sides of the layers may

Wwhtignally £ WO 20061091462 PCT/US2006/005423 be ro%t}mg L 6%15%3
as by micro-etching, by being electrolytically treated to form a roughened

copper deposit, and/or by being electrolytically treated with a deposition
of micro-nodules of a metal or metal alloy on or in the surface. Such
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technique described in U.<
‘her&RH{PsefersAcehirsratdhes Tormoddiment, abipast bnertthe first

electricaiijeeandustivaiayerans ihesacandiglecticalycroductive layer
are Hg@é{&%%gcwithr%rgocgd ent’h';\ncing treatm%géo,n one or hoth sides

thereof. The SUHace miCrostructure of the eiseriealy tsmabairid @yers

may 58 1%'s asurkerpyliadsestrdingter iseluinas deseditd niate Parodel
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1 OCorgggg&;%gngfaggacl%ggtif ghlf tToc})o,graph(}/ measurements of the
surface grain ‘structure of peaks A USHY ondhstiv kpenmdb e e
ind G864 cHneadIabeE [TV 85 S adtidmith 2 Hchdbthmcingtitiste §oron
IntensosnnRating-andBackaging Circuits of 2115 Sanders Road, 20
Northbrook, Ill. 60062. The surface treatments are carried out to produce
a surface structure having peaks and valleys which produce roughness
parbhasteise wirsesinde afiteeétitisaltregaraiighaesss(Bayranges from

ISab%HaQi?eﬂ%ﬁbﬁMﬁiiometer, such as a Perthometer model M4P or S5P, which is
commercially available from Mahr Feinpruef Corporation of Cincinnati, Ohio.
Topography measurements of the surface grain structure of peaks and valleys
are made according to industry standard IPC-TM-650 Section 2.2.17 of the
Institute for Interconnecting and Packaging Circuits of 2115 Sanders Road,

20 Northbrook, Ili. 60062. The surface treatments are carried out to produce a
surface structure having peaks and valleys which prdducc roughness parameters
wherein the arithmetic average roughness (Ra} ranges from about 0.2 to about 1
microns and the ten point height of irregularities according to ISO 64287-1 (Rz)
surface roughness may range from about 0.5 wm to about 7 pm, more preferably

25 from about 0.5 pm to about 5 pm, and most preferably from about 0.5 pm to 3

pum.

The first thermosetting polymer layer 4 and the second thermosetting polymer

layer 8 may independently comprise an epoxy, a combination of epoxy and a



microns and the ten point height of irregularities according to 1ISO 64287-1
(Rz) surface roughness may range from about 0.5 pm to about 7 m, more
preferably 25 from about 0.5 m to about 5 m, and most preferably from
about 0.5 mto 3 Am. The first thermosetting polymer layer 4 and the

) . | ; )
WECRREthesmosetting polymer layer 8 may independently CoMPEiSE @osaas
epoxy, a combination of epoxy and a 7 WO 2006/091462

PCT/1JS2006/005423 material which polymerizes with an epoxy, a
melamine, an unsaturated polyester, a urethane, alkyd, a bis-maleimide
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ater(gls include aromatic thermosettlng co esters those
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anate,
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is preferably present in the thermosetting polymer layers in an amount of

from@hﬁ&hﬁ%ﬂﬁ%w@mvs)mﬁ@ $hBoray MELMAE RIR [grably from
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Epre?"erre ﬁp
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15 titanate, barium strontium titanate, and other ceramic fillers and combinations
thereof. If incorporated, a filler is preferably present in the thermosetting
polymer layers in an amount of from about 5% to about 80% by volume of the
layer, more preferably from about 10% to about 50% by volume of the layer.
PreferaB!y at least one of the first thermosetting polymer layer 4, the heat

20 resistant film layer 6, and the second thermosetting polymer layer 8 comprises
such a powdered filler having a dielectric constant of sbout 10 or higher. In
addition, either one or both of the thermosetting polymer layers 4, 8 may contain

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

25 Inone preferred embodiment, the thermosetting polymer layers 4, § are applied
to the electrically conductive layers or heat resistant fitin layer as liquid polymer
solutions to aflow for control and uniformity of the polymer thickness. The
solution will typically have a viscosity ranging from about 50 to about 35,000

centipoise with a preferred viscosity in the range of 100 to 27,000 centipoise,



such a powdered filler having a dielectric constant of about 10 or higher.
In addition, either one or both of the thermosetting polymer layers 4, 8
may contain a dye or pigment to impart color, alter dielectric opacity or
affect contrast. 25 In one preferred embodiment, the thermosetting

vaohonakiayers 4, 8 are applied to the electrically conductiveayResd¥osaas
heat resistant film layer as liquid polymer solutions to allow for control and

uniformity of the polymer thickness. The solution will typically have a
viscosity ranging from about 50 to about 35,000 centipoise with a

preferrad iseosityih ther iange abi0Rdn: 26 H00e MRAIse, B WNE
2005540?(%462 PCT/US2006/005423 The polymer solution will include from
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dimet,hi/lformamlde N, N dimethylacetamide and 5 mixtures thereof. A
odbiskarsiisdeein éﬁé@é‘l@é"t’iﬂ‘frf§drﬁ‘€%ﬁ%¥ﬁ9‘| Resthal-epbigiitnosetting

polymer layers may be also applied to the electrically conductive layers 2,

12 I ' I of.selid sheets. In such an
emgglg ?ﬁéﬁgﬁﬂgkg@ﬁg%gh@#}s%t %?%régagééogntait ee%[r%cgé(éa an 10
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minwses. 1Boeferaddyuth RS RRSprisHdUek AV Brebakleask 70 cm (28
inc%a} f mercury, and, maintained at a pressure of about from about 3.5
C @?“6‘

kgf/em2{ §?f?§na%@'u?%nﬁ%ﬁ§ g, S0rearids Aerh 2Bout 4.9
kgflome{y PrpSiptdy divoustibdt 4GfdmRsROB@PSIH0 minutes. Preferably, the
15 press is under a vacuum of at least 70 cm (28 inches) of mercury, and
maintained at a pressure of about from about 3.5 kgf/em? (50 psi) to about 28
keffom? (400 psi), preferably from about 4.9 kgf/em? (70 psi) to about 14
keflem® (200 psi).

20  Preferably, the thermosetting polymer layers 4, 8 have a thickness of from about
2 to about 200 microns, more preferably from about 2 to about 100 microns.
Preferably the thermosetiing polymer layers have a dieleciric strength of at least
about 19,685 volts/mm (500 volts/mil) thickness.

25  The heat resistant film layer 6 preferably comprises a polyethylene terephthalate,
a polyethylene naphthalate, a polyvinyl carbazole, a polyphenylene sulfide, an
aromatic polyamide; a polyimide, a polyamide-polyimide, a polyether nitrile, a
polyether-cther-ketone, or combinations thereof. It has a preferred thickness of

about 12.5 pm or less. The combined thickness of the first thermosetting



20 Preferably, the thermosetting polymer layers 4, 8 have a thickness of
from about 2 to about 200 microns, more preferably from about 2 to about
100 microns. Preferably the thermosetting polymer layers have a
dielectric strength of at least about 19,685 volts/mm (500 volts/mil)

whicknanssdo The heat resistant film layer 6 preferably comprises 8o o0s423
polyethylene terephthalate, a polyethylene naphthalate, a polyvinyl

carbazole, a polyphenylene sulfide, an aromatic polyamide, a polyimide,
a polyamide-polyimide, a polyether nitrile, a polyether-ether-ketone, or

mipRAPRSheteof I n@mpﬁ%%é%? é,@%ﬁ%ss%(%m(g%%g% %ﬁrﬁ g;_less-

co
The combinéd thickness of the first thermosetting 9 W
PCPAYSSHBEB 5y biyifer [aserThe hset Freiptartdibtalaydtmbrayer 6, and

the secoNddfieimasetting.paly eiday el RS AR RAL05dessHsT he heat

res:?g?rﬂlt fitlm la%er has a6VICAT softening point of about 150C or higher
as defermInet B (S8 368 © FREAL P8 SRRERIRCHIT & Prateidbly has
2 Y beffns’ erodeiu s bhsiboweR00 & KgllhhRe6hmdre rate asiosgreingth of

abot B0, KeHpme.RY m@aqﬁ@mm%%%p&gm%é%ﬂam% in@nd &

higher softening temperature than the Taminating temperature of the first

theFFRESEERG OO SIS ATSH PP Uperaianse Lok’ i thfosetifg polymer
laye¢heBnThtickgiebine tonstaihetieachiot shadirsit dhdrsidsefiing polymer

|ay%e4':ny§9cth%3}oﬁ§|§i§1ﬁ LilmLlavar 8yia0d Mg $5ePRd A0uReLmesetting

olymer layer 8 is about 2.5 or more. The heat re5|sfant_film layer 6
1CErefB‘?5‘E)‘T§/eﬁ§‘§ BOGIBE e BrisaResdm YoRate Sebsridetigmsdimdayets,
morepipiefibhably atidastiabeuitdba vattge ans: reastipeaistablys ahdeast

abayt SO0y ltRasPHBLAsBUARDING Lpgségye%éﬁ%ér?%fgms&ha%g& Hipvged

construction, the heat 15 resistant film layer y have undergone a
bond enhancing treatment which may comprise a plasma treatment, a
cordrier treatmiing thedhemicabie aimantiayecarhiaalkians theseaf.

15 resistant film layer 6 may have undergone a bond enhancing treatment which
may comprise a plasma treatment, a corona treatment, a chemical treatment or

combinations thereof

The nickel-phosphorus electrical resistance material layer 10 is preferably

20 clectroplated, using a conventional eleciroplating process, onto the second
electrically conductive layer. Electroplating is a technique well known in the art
which is typically conducted by placing a substrate in a liquid electrolyte
solution, and applying an electrical potential between a conducting area on the
substrate and a counter electrode in the liquid. A chemical process takes place

25  resulting in the formation of a layer of material on the substrate.

Electroplating baths used for the deposition of resistive films typically operate at

a temperature significantly greater than room temperature, that is, at a

temperature in excess of 100° F (38°C). In fact, most baths previously used to
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The nickel-phosphorus electrical resistance material layer 10 is preferably
20 electroplated, using a conventional electroplating process, onto the
second electrically conductive layer. Electroplating is a technique well
known in the art which is typically conducted by placing a substrate in a

Waughelseikolyte solution, and applying an electrical potentiglhetween a. . .

conducting area on the substrate and a counter electrode in the liquid. A
chemical process takes place 25 resulting in the formation of a layer of
material on the substrate. Electroplating baths used for the deposition of
resistive films typically operate at a temperature significantly greater than
roorfeRsigeriilea ki Igs aperate php ETarSTE SILRLS 1006 C). In
fact,2mme$t (hadhs) pravinkhyesiserdikoe k0t /02601 083462 resistance layer
PCT/US2006/005423, deposit resistiv oy fi rad :
oSSR R I eh e T OO0 T Bt e
electibcifaposibich Sidotienl ¥ EsidianebitapsigEposited on the conductive
layer in known processes is a function of plating efficiency which is, in

(U, & LBCHen P1 STRRIARIE. 5. A0 SXATIAIG 618 SRR Agalig;Blating
bath’ comprfses an agueous soltfiono ypo hosp?nt% lons, and In
partietenhdppibploospiiidn opre diamn Brbprbes itk &nhinyo phSeptitekel
(Ni(k*dﬁi%Qeg)ﬁﬁaiwiszkﬁhm@_cosggmmbﬂi@%&a%m@a@aﬁf%qﬁym@bye_ig@tiorlm ;f
nickel carbonat [ w ophagsphqrous acid (k. . Tha

o R BTOC RSP LR R MaRhcian o L obos Rk
19ickél-plbdiiprpuspblscuithls ésistentroaltaysitiomod coskrtieiverlvyersis
prepasedQy [Qming . AAUERHSSeIMIRRSE pheutoperhialiinale of nickel
carbonate and one mole of h gﬁ}ggsgoro%s %cid %/vith a Iimiteltg0 ount
of wEFHR S BFSBGEHE S CBFy ML (LA GRS H5ieHetely
dissalpeshapboroikdeid withaliatsedlBotyn cOngentiratindtmbout 0.67
mm%ﬁ/ggﬁima%a&hﬁn Eﬁ@&l&? Wl&%ﬁ@gﬁﬁﬁ%y dissolves when diluted with water

15 to a concentration of about 0,67 moles per liter. The reaction is believed,

without intending to limit the present invention, to proceed according to the

following equation:

N1C03 +2H3P02 """Ni(HgPOz)z +C02+H20

20
Alternatively, an electroplating bath comprising hypophosphite ions formed
from nickel hypophosphite can be produced by the reaction of nickel chloride
(NiCl,) and sodium hypophosphite (NaH,PO,). The reaction equation is
hypothesized to be:

25

NiCl, +2NaH,PO, =Ni(H, PO), +2NaCl

Nonetheless, it may be preferred to employ an electro-plating bath formed from

nickel carbonate and hypophosphorous acid with nickel-hypophosphite as a

11



without intending to limit the present invention, to proceed according to the
following equation: NiCO3 +2H3P02 =Ni(H2P02)2 +CO2+H20 20
Alternatively, an electroplating bath comprising hypophosphite ions
formed from nickel hypophosphite can be produced by the reaction of

wiskslchipride (NiC12).and sodium hypophosphite (NaH2PQ2) ‘
reaction equation is hypothesized to be: 25 NiC12 +2NaH2§ééUg%§ﬁi?§54B

P02)2 +2NaCl Nonetheless, it may be preferred to employ an
electro-plating bath formed from nickel carbonate and hypophosphorous

acid with nickel-hypophosphite as a 11 WO 2006/091462 .. .

e G SRS R e T
by-protiictdotsarbslradioxbsnriativiamed fivaraipke bohleridaraduieding bath
formgg drampniekel shioddsiarhspdikmpniyRaphne=iRbiE Lo pissticednickel
hypophos Fngiiée_ ften, roducgs atéy-e%rtoduct of sqdium chj{ortideg/vrf(iich
musf%‘é“?g PG YO PR b FA Y CoR SR AHEN BB B Vel time in a
dontipupgstioro cessominwlentrospiathag oetth-platigristhgomypspbosphite
ions formedramaickshivrrpesRhite RpRbaeR feundieher Ragrable at

temperatures from about 20C to 50 C. It may be desirable to operate the
bathSPEFRGHH EBRTERIAE PR R YT U5 8 uich haths arsdibicitely
tempeairdd e sitivem b pepnedqipeteredsen) bodinmanis drefomed
elecg}r:cal r%sistance material layer contains up to about 50 percent by

welge{ngtfﬂba uE){:slp Orus. In another preferred embodiment, the electrical

¥esistance material layer contains up to about 30
In one preferred embodiment, the formed electrical resistance material layer

contains up to about 50 percent by weight of phosphorus. In another preferred
embodiment, the electrical resistance material layer contains up to about 30
percent by weight of phosphorus. In another embodiment, the electrical

15 resistance material comprises from about 30 to about 50 percent by weight of
phosphorus. Another embodiment of the invention includes an electroplating of
the second electrically conductive layer in a bath comprising an aqueous
solution of a nickel ion source, HaPOs; and HsPO,, wherein the bath is
substantially sulfate and chloride free.

20
It is known in the art the resistance of the electrical resistance layer of a circuit

board material is dependent on both the thickness of the electrical resistance
layer and the resistivity of the material employed therein. As the thickness of
the electrical resistance layer decreases, the resistance of said layer increases.
25  The electrical resistance material layer 10 preferably has a resistance ranging
frbm about 5 ohms/square to about 500 ohms/square, more pfeferébly,. fangin g
from about 10 ohms/square to about 300 ohms/square, and most preferably
ranging from about 25 ohms/square 1o about 250 ohms/square. The nickel-

phosphorus electrical resistance material layer preferably has a thickness

12



percent by weight of phosphorus. In another embodiment, the electrical 15
resistance material comprises from about 30 to about 50 percent by
weight of phosphorus. Another embodiment of the invention includes an
electroplating of the second electrically conductive layer in a bath

WwamBEIsigAn aqueous solution of a nickel ion source, H3RQ3 Q% 6/005423
H3PO4, wherein the bath is substantially sulfate and chloride free. 20 It is

known in the art the resistance of the electrical resistance layer of a circuit
board material is dependent on both the thickness of the electrical

resistance ..l n e resistivi the material e in. As
e T B e

of s#itl tagfetuiricren sad NSt Predeedlythien awsisd{Hoamimnbpidl 1dyer-10

preferably has a resistance ranging from about 5 ohms/square to about
500 ohms/square, more, preferably, ranging from about 10 ohms/square
o B T BT (T TeT VARG AL ARG 25
Dhmelbqubrg it latrsut2b M akmbisrp are fitthe mithe|-lphosphoraSmetdctrical

resisianegaaterallaxenpreielabhhas e nasslis, WE 2006/091462
PCT/US2006/005423 ranging from about 0.02 pm to about 0.2 m more

prefSIEHYASRESSut 0.03 p.m to about 1 m, and most preferably from
about 0.04 m to about 0.4 m. In an additional preferred embodiment, at

leastibe iR ARRUEIRR Aamiclaysis SRk he plastical resistange material

layer are free of sulfur. In another preferred embodiment, the surface of

the Bvactndn verrstafitermafvm e gkl Rinsehant A Bt 8819 FAEe optional
additiemaddinsgkel { Hosferubiy shele ciradaysadiStan ee mbiaridhilgysr hdelO
may be the same or different from the nickel-phosphorus electrical

resistance material layer 10. Preferably these two layers 10, 14 are
subéﬂ&rﬁ%&ﬂ%ﬁ@%&?ﬁ ruction of the invention comprises sequentially attached

layers of a first electrically conductive layer, a first thermosetting polymer layer,
15  a heat resistant film layer, a second thermosetting polymer layer and a second
| electrically conductive layer. By sequentially attached is meant that the layers
must be present in the indicated order; however, other intermediate layers may
optionally be present between the specified layers. For example, in a preferred
embodiment the multilayered construction further comprises an additional

20  nickel-phosphorus electrical resistance material layer electroplated onto the first
electrically conductive layer such that the additional nickel-phosphorus
electrical resistance material layer is attached between the first thermosetting
polymer layer and the first electrically conductive layer.

25  Inan additional embodiment of the invention (not shown), the multilayered
construction further comprises a barrier layer adhered between said electrical
resistance material layer 10 and said second electrically conductive layer 12,
wherein said barrier layer has a thickness of less than about 0.1pm, is different

in composition from said electrical resistance material layer, and is capable of

13



The multilayered construction of the invention comprises sequentially
attached layers of a first electrically conductive layer, a first thermosetting
polymer layer, 15 a heat resistant film layer, a second thermosetting
polymer layer and a second electrically conductive layer. By sequentially

wHasheshigsneant that the layers must be present in the indligqi/%gz%g% 423

however, other intermediate layers may optionally be present between
the specified layers. For example, in a preferred embodiment the
multilayered construction further comprises an additional 20

nick HPQ??{ Q i glgc ri%al resistance ,matetial.laver.electro Iqted onto
the For AR aa el e e WAl USArh G o by it

nick&RpeSsHoRM ceTEbtital Thahersist Byeravefiunbhy s is thitkesse sl bstveen
the fissh thetmoseringoR gl mer lavatRRddhe.isat fleaticany comductive

layer. 25 In an additional embodiment of the invention (nat shown), the

multAf8heti® SRR iREP b ES 2B i 8P P° ZardRi
Betwieeprsfided lectidatene sistnderiapteiialdayeaicjGiand:sagd second

electgallsAndusiieJaves 2w etei AIdPAEL IRXREDAR AMfickness

of less than about 0.1 pm, is different in composition from said electrical
resisBHOS hitREINaEY Al & laa At s o bbb g £a sy
P CTS52006/0ab<23supretetidedaic el eticah rhsisidnedtnatbeal layer

10 fn%mtw@%abmmll@&oﬁrisvagai&%a&fq@m%fe%ﬁ@a@éémm%9@{45% layer

referably has a thickness of less then about 0.1 pm, more preferably
IPandfgr froih b b iaser ArdRairOwpLiss arerpah sderdehfaan phefeeaply
fromap@ﬁhgsmr@ﬁtpem tm@aoaﬁﬁﬁ&amgs}_mms Nﬁﬂm EIiFILﬁIS_ﬁFBd,
embgdiment dehruiRLinELIsglest adsResliad using.convention
techniques. T & barrier layer can be an'i organic mater Al which: has
goo@é?@hant selectivity. It is also important that the material used as the
barrier layer have no substantial detrimental effect on the uniformity of the

eSSty ad aheIustenAl ATORS R o g g slgetia
formation of a resistor or capacitor. Such may be used in the formation of

printed circuit boards, electronic devices, and the like.

In a preferred embodiment of the invention, the preferred capacitance of a

20 capacitor according to the invention is at least about 100 pF/em®, more
preferably from about 100 pF/cm? to about 4,000 pF/em?. Capacitors of this
invention may be used in a variety of printed circuit applications. For example,
an electrical connection may be present on the first electrically conductive layer
and another electrical connection to the second electrically conductive layer.

25  The capacitor may be connected to or be incorporated into a printed circuit
board or other electronic device or the electronic device may comprise a printed
circuit board comprising the capacitor. 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
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10 layer. The barrier layer preferably comprises a material selected from
the group consisting of Ni-Sn, Co-Sn, Cd-Sn, Cd-Ni, Ni-Cr, Ni-Au, Ni-Pd,
Ni-Zn, Sn-Pb, Sn-Zn, Ni, Sri, and combinations thereof. A preferred
barrier layer comprises Ni-Sn. 15 The multilayered construction of the

WoVRhLi is.preferably used in the formation of a resistor oL e3RAS R wos4a23
Such may be used in the formation of printed circuit boards, electronic
devices, and the like. In a preferred embodiment of the invention, the
preferred capacitance of a 20 capacitor according to the invention is at
least ahout 100 pF/em2, more, preferably fr 00 to about
s oS e B R e o
printeeideyespplisstihermpelienTpiy, barreiise tedhs eabiRetigirthay be
presgi o ke estikst alestdcatle eandyctivadayesisiand anpiherietesirical
connectiog to Jhe second elect&carlly conduc 9{ lﬂlgy?r.aZ%éI’Qe% cay aOitor
may B5&" EoRTTECtE: “tlgnoorrt%%niﬁgor%or?éatrésd Into a prn’lferé1 Cireurt board or
Sotherwshettror i deieprdiotie dictitoliceamopienpejnesiyfidayeprinted
circuit board comprising the capacitor. They may be coupled with or
embedded Within rigid, flexible or in, rigid/flexible Iegtricaltc(;rcut'ts, printed
circ RS ESFEEC B BERAFThIRFOSTe BN R YEUIR BLHER BRI packages.
Genbratlysltheyndneitdriw©ifd 00600462 PE THIB2006/008428 used by
Cre@w_ﬂg@ firscieditRaltarnoneRior agthisleriicalsrnsustive
material Tayers. A second circuit pattern may be applied to tr(lﬁ.@olg/mer

16 reppdied P UM e R SR o HETE AISSBIY TRP IR RIS HL SELSHAR, by
sputtesniag), dnythe apot, ghradetdepasitiopoedomdiothedimtearsctradiition, it
may AR AGCESIAY R BRI G Mah e CapAGRhiR-c e alEcally

connect opposing circuit Ia%ers,. Once a capacitor has been formed,
circﬁ’@ﬁ?ﬁf& syl R B H R RLRe SRS RFECERIBANGS E5nBUYARE material
layamegingkpaithetThingisdlonigiiesizdmt image is then contacted with
15  known chemical etchant baths to remove the exposed conductive layer, leaving
the final desired conductive patterned capacitor. Also, each of the conductive
material layers may optionally be electrically connected by forming a hole

through the entire capacitor and filling it with a conductive metal. Lamination

steps are preferably conducted at a minimum of 150°C.

20
The multilayered construction of the present invention offers a significant
improvement in performance over prior art capacitors and printed circuit boards.
This construction offers better uniformity, higher capacitance, greater heat
conductivity, and greater flexibility, while also incorporating a resistor element,
25

The following non-limiting examples serve to illustrate the invention.
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etching, a layer of a photo-imageable resist, dry-film or liquid material is
10 applied to the conductive foil layer. Using a negative photo pattern,
which is overlaid on the resist, the photoresist is exposed to actinic
radiation such as UV radiation creating a desired circuit pattern. The

woagesheapacitor is then exposed to film developing chemigtry, thakas o0s423
selectively removes the unwanted unexposed portions. The capacitor

with circuit image is then contacted with 15 known chemical etchant baths
to remove the exposed conductive layer, leaving the final desired
conductive patterned capacitorgRlsgpeagh of the conductive material
layers may optionally be electrically connected by forming a hole through
the entire capacitor and filling it with a conductive metal. Lamination steps
are preferabiljcr ekduaigs ata Micopwer afi LR OcvRRd] haimulilayesed
CONSIFHELf Al e Renb USRI Aot A AN CAN  [Rroermentin
erformance over prior art capacitors and pri SR oA, This
onbirtirbeshersbetisriinirseaing dempraitinidimniciselgresmbomoat
congyietivityciandgiaateninxibiicwhile alsRineosnaralingad egistor

element. .25 The followin n-limiting ex les serve to illystrate the
invontims S AR AR S e bR OB I SR S RRB I A 35
m thkgkeqcefSdBisesite PIEDheo ppariduit Elbrovidetbileiivtr fditas a

surirsm [ouphsessahidkmigransandhashesn slaciopated with alpyer of
'thO; }?Qgﬁous. 'we thickness and composition of the

mgi(r:l:(t%l%-%lho?p SHOURS® Py &I AR RE PRI i bshvaradhdalls sdibiifice layer
of 2Gséfares/ brfeareming iayeontafteptihaesin isapplidddtiiendmside of a 12
micramRaAmice:HIm Wikaidbicknese:9k6 ficress. PRANHETHS
mlcgl;?er;s%amgggpigalfsgl lligd!‘fr%%%gju%pgix 2/5 mm Hg. After lamination the
combined product is High Potential Tested to 500 volts to check for possible
15  shorts. A pattern is etched into the copper surfaces using industry standard
techniques using an alkaline etchant. This chemistry will etch the copper
without attacking the resistance (Ni-P) layer. A second imaging process is
conducted to form the resistor pattern by vacuum laminating a photoresist,
exposing and developing it. The photéresist remains on the Ni-P layer that
20  defines the resistor pattern. The background Ni-P is removed using an acid
etchant (such as cupric chloride or copper sulfate). The photoresist is stripped
and the circuits are inspected using automated optical inspection and or
electrical test (including High Potential testing). The circuitized product goes
through a process to prepare the copper for relamination. This process is a black
25 oxide or an alternative. The circuitized product is laminated into a multilayer

circuit board and completed using industry standard techniques.
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resin is applied to a thickness of 6 microns. The two coated foils are
laminated 10 together with a sheet of 12 micron polyamide film between
the foils with the resistance layer coming in contact with the resin coated
side of the film. Lamination occurs in a hydraulic press under 250 psi at

wolobuf & hour. The press chamber is also under a vacu?gi%&gom 23
Hg. After lamination the combined product is High Potential Tested to 50

volts to check for possible 15 shorts. A pattern is etched into the copper
surfaces using industry standard techniques using an alkaline etchant.

This chemistry will etch the copgglr %Eﬁtoéjt attacking the resistance (Ni-P)

layer. A second imaging proce cted to form the resistor pattern
by vacuum laminating a photoresist, exposing and developing it. The

photoresist IemaiRsnte,NiP vaverdhal 3R gefingmihssesisigreatter.

The background Ni-P is removed usjng an acid etchant (such as cupric
chlo‘ﬁ@éao 088%3@@&6 BB I P RGO PRSI SIFPELS ‘A AGRE S cuits are
hspesidd peidiglautomated optical inspection and or electrical test
(including High Potential testing). The circuitized product goes through a
process to prepare the copper for relamination. This process is a black 25
oxide or an alternative. The cirM%éduct is laminated into a
multilayer circuit board and completed using industry standard

tec hﬁ iﬂ:ﬂ%?‘p?x@ o\%@e %%%%qg&ﬁ%t En%Tfloli{%%Q 8@49}9 Bé%ée%hﬂg%eg 2

Example 1 is repeate cept that both sides of the polyamide film are
18 ppHed ST AEdSrer S fol e it fRCHr AR BB Bigh: resulting in
a twehsigietktiresistbregistaduc indEXANPL: i A pellafaneonncecomper foil

is oyt int.fell samples gjogrqu;%l&ﬁ%i ed sizes. 10 A predetermined

amount of foil samples are electroplated with a nickel-

For those foil samples to be electroplated, a batch process is employed with the

15  plating cell remaining constant. Mild agitation is provided in the plating cell by
a recirculating pump to maintain uniform bath composition. The cathode
employed is electro-deposited one ounce copper foil which is plated on the
matte side. The shiny or drum side of the foil is masked by a rubber coated
backing fixture. The cathode size is 11.5 inches by 14.25 inches. The anode is

20 platinom clad columbium with an anode to cathode ratio of 1.3:1. Prior to
passing into the plating cell, the copper foil is immersed in an aqueous
hydrochloric acid solution (equal volume) for one minute. The copper foil is
then passed through an activating solution comprising an aqueous solution of
benzotriazole for 30 seconds prior to passing through the plating cell.

25
A plating bath is formed which comprises 0.5 moles per liter of nickel
hypophosphite. The plating bath is made by reacting 20 moles of nickel
carbonate (2508 grams of basic nickel carbonate, NiCQOs 2Ni(OH), 4H,0, mol.
wt. 376.24) with 40 moles of hypophosphorous acid (8.6 liters of 50% H;PO; at
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phosphate electrical resistance material layer, and a predetermined
amount foil samples do not receive such electroplating. For those foil
samples to be electroplated, a batch process is employed with the 15
plating cell remaining constant. Mild agitation is provided in the plating cell

“gy @)ﬁr/gg{'ggylating pump to maintain uniform bath compositigay. F8806/005423
cathode employed is electro-deposited one ounce copper foil which is

plated on the matte side. The shiny or drum side of the foil is masked by
a rubber coated backing fixture. The cathode size is 11.5 inches by 14.25

inC%SMTI*J9;a&eqﬁtissa%%(mg}%{me%%%@wEﬁmée{mﬁpﬂ%&ggetﬁg

cathode ratio of 1.3:1. Prior to passing into the plating cell, the copper foil
is irffATEPSRIORT ot fdiss Ty Grearbie A cha BBt feglien spsiinme) for
onewdnikie:rRe:nepRerFa] ise thaenpRssash kel ahan.aiualing solution
Corﬁ%’gﬁiﬁ] an%c%léeou solution of benzotriazole for 30 seconds prior to

passing r?)ff’g %OB g’ting cell. 25 A plating bath is formed which

<omprises 0.5 moles per liter of nickel hypophosphite. The plating bath is

magte.yneeasingiZanalesefinickehaaibanpe:éd F0B RS Qbpasic
nickel carb?nate NiCO3 2Ni§)§)|]]H 2.4H20, mol, wt. 376.2%With 40 moles

of HyPOPHOSBTITOS HCitf 8.6 HEHE BRSSPty gsolics: 2

200640914 6 2aPETIVBR006/065428 MNEX /L Wilnted withraimiegwal Kolume

of waten rRd aulReaMepidiltingdNareaciaRRERdYLkiaAQditers. The
) Otemrperatur_e of the PTE)Iatlng bath, after cqoling to room temperature, is 23C,

the EHIMHE T T HRp EYRECHS G HHBSA ARG IRR “BilbEN B aesteconds.
5 Nebeuttienddamiyoplatet oi:s Honpldésad heighv arglecirop laftdehfoitsamples

eaGh,keeeiV e Alayeh oh eRAMIESINiA UBKICSROXYILESI jS.Adisied to

30% solids, a, . ] -
constant flexible composite film thickness and a film free of included air

bubbles.
15
The solvent is evaporated off and the epoxy resin is cured in an oven. As the
coated foil 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
20 the base weight of the foil using the epoxy resin density to convert from weight
to film thickness. Adjustments to the rate of epoxy resin dispensed and or
doctor blade height over the foil are corrected based on this measurement, This
process is repeated until the desired film thickness is attained to produce first
and second thermosetting polymer layers on first and second copper foil layers. |
25 _
A capacitor is formed by laminating two pieces of epoxy coated foil to an
intermediate heat resistant sheet of an aromatic polyamide having a thickness of
4 um, Young's modulus of 1500 kg/mm?, a tensile strength of 40 kg/mm® and an

elongation of about 20% in 25°C. One of the coated -copper foils has been
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viscosity of about 500 centipoises, with MEK in a stainless steel mixing
vat. A doctor blade is adjusted to produce a wet film of 15 microns in
thickness, 10 resulting in a flexible composite having a dried polymer film
in thickness of about 5 microns. A continuous liquid head height and
vygl%kg%&tﬁilammed material is maintained on the upstrea%ggﬁs%&%% -
doctor blade to maintain a constant flexible composite film thickness ané
a film free of included air bubbles. 15 The solvent is evaporated off and
the epoxy resin is cured in an oven. As the coated foil first enters the
oven, an initial te Ee.rature drop should be anticipated. Once steady
ctatt S AL VS SERHEUHY (e A PP RRHER e Ehecked by
takibepenfoibs aniple ancpbnoparings the Coatad Weightie' 20aheiase
weidtehie "Bl USINgNGEPOILISIR ASKPI RARDVETH UG AN to

film thickness. Adjustments to the rate of epoxy resirt dispenséed and or
docfBrasisas Reishtier AR TeTIedre Bpected pasadheropie The
neasuttipeniaclibiss praptssipsapeateandibthedpaisachfiitnickaess is
attaipsgh @ profusadist, andFe5endhermoseiting elyer lgyers on first.
and secqn copper%%ll yers. 25 capacitor Is forme By aminating two

pied®énf anbigielserischrenkdsvum vofireprntalilsast Heordiawlintramdadesr an

aromadeapolyamide having a thickness of 4 um, Young's modulus of 1500
kg/mm2, a tensile strength of 40 kg/mm2 and an elongation of about 20%
in 25C. One of the coated copper foils has been 18 WO 2006/091462
1PCT/US2006/005423 electropkatddifh4 nickel-phosphorus electrical
resistance material layer. Lamination is done in a hydraulic press at 165C

andElo kgf/cm?2 -élSO psi) fo Gb? inutes. The press is under vacuum of

71 & r}ﬁal&%ei% (1: rg a(t) rﬁ}é%e Jl%)?t P?;the copper gzelsplammatedu to the heat
resistant sheet have been electroplated with a nickel-phosphorus electrical
resistance material layer.

13

While the present invention has been particularly shown and deseribed with
reference to preferred embodiments, it will be readily appreciated by those of
ordinary 5kill 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
20 the claims be interpreted to cover the disclosed embodiment, those alternatives

which have been discussed above and all equivalents thereto.
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capacitor is cut to size and processed to impart a pattern in the copper.
The 5 resulting capacitor is visually inspected and then electrically tested
for shorting at 500 volts. Resulting capacitor layers have a capacitance of
was Jeasiaadsr pF/cm2 and a dielectric breakdown voltage of atdeastiu&doxazs
104 volts/nun (2000 volts/mil.). 10 EXAMPLE 4 Example 3 is repeated
except both of the copper foils laminated to the heat resistant sheet have
been electroplated with a nickel-phosphorus electrical resistance material
layer. 15 While the present invention has been particularly shown and
described with reference to preferred embodiments, it will be readily
appYéukifedrietisse of ordinary skill in the art that various changes and
modifications may be made without departing from the spirit and scope of

the j tion. It is intended that 2Q t lai be.int ted t th
ciocios 2B B G2t S e R T S BaRElesocd
fbovbicdudiilagridatestsidheremt B RO0B/HIH4ER layers

PCTUIS00BIDRSA3 MR 5 RIAeT i La AWHIRKGIERL GRRSCton

suitable for forming resistors and capacitors, 5 which multifayered
conHFTctiBFAEG TR AL AR Aramnd senetr iy PO ERIR IS first
electiikellyhcomdtictle-taye neeldistd haretobRibn gl aolynesd kyes a heat

resisst Eféllm Iaéé%r a sgcgndlthermosetting polymer layer, and a
nickgﬁghoseﬁﬁbrug glectrical reésistance material layer electroplated onto a

t6econd electrically conductive layer. 10 2. The multilayered construction of
claim - fhwRiahibyEstie L GRMRASE S @Mhim 1 which further comprises an

additional nickel-phosphorus electrical resistance material layer electroplated
onto the first electrically conductive layer such that the additional nickel-
phosphorus electrical resistance material layer is attached between the first

15 thermosetting polymer layer and the first electrically conduciive layer.

3. The muitilayered construction of claim 1 wherein the electrical resistance
muaterial layer has a resistance ranging from about 5 chms/square to about 500
ohms/square,

20
4. The multilayered construction of claim | wherein the first electrically
conductive layer and the second electrically conductive layer independently
comprise a material selected from the group consisting of copper, zinc, brass,
chrome, nickel, tin, aluminum, stainless steel, iron, gold, silver, titanium,

25 platinum and combinations thereof.

5. The multilayered construction of claim | wherein the first electrically

conductive layer and the second electrically conductive layer comprise copper.

20



additional nickel-phosphorus electrical resistance material layer
electroplated onto the first electrically conductive layer such that the
additional nickel- phosphorus electrical resistance material layer is

wattached hrtween the first 15 thermosetting polymer layer apdithsdinstoos423
electrically conductive layer. 3. The multilayered construction of claim 1
wherein the electrical resistance material layer.has a resistance ranging
from about 5 ohms/square to about 500 ohms/square. 20 4. The

mu i'@M&B‘?\ﬁtﬁ%?éB“c%'%ﬁi&%mlhﬂmj{}éfﬁ%ﬂgﬁh‘?@Qﬁ%@lhﬁ

conductive layer and the second electrically conductive layer
ind &Pty yecHbis btk IR R FBINIE BRERHESABRSEng of

COPRAE WEiNE: PEANSceGREIMEssHEKE thb Rar@b bR iIRGHT W 1RHR1 0l s Stefiatton,
gold, silver, titanium, 25 platinum and combinations thereof. 5. The

muﬂifﬁ?fered construction of claim 1 wherein the first electrically
sconductive layer and the second electrically conductive layer comprise

coppsti 2040 AOPIIEHATR PCTAISANARIRES, G Lhgaylleyered

construction of"claim erein the first electrically conductive layer and
the Sestdridhereaduedny eyn dud iRfestagest Aol CHppal S TAYing a

suriasadeughinessRziRthe rangenehitamnakeut@.Sda teeaeut 7 m. 5 7.
The multilayered construction of claim | wherein at least one of the first

electrically conductive layer and the second electrically conductive layer
10are$ proyideltiieithed doosid eithariciagnt leshentad raGine ot Hiside s

theE?é&ﬁriéﬁl?coﬁﬁ&cﬂ%'IH@F%@Q&%%M@?%EQ@%&&&HU@@& glcleast
one of the first electrically conductive layer and the second electrically
corfia¥gsd Yﬁﬁ’e? byed enhalicing treatment which comprises treatment with

metal nodules, nickel, chromium, chromates, zinc, a silane coupling agent or
combinations thereof.

15
9. The muliilayered construction of claim 1 wherein one or both of the first
thermosetting polymer layer and the second thermosetting polymer layer
comprise an epoxy, a melamine, an unsaturated polyéster, a urethane, alkyd, a
bis-maleimide triazine, a poiyimide, an ester, an allyated polyphenylene ether or

20  combinations thereof.

10. The multilayered construction of claim 1 wherein the heat resistant film
layer comprises a polyethylene terephthalate, a polyethylene naphthalate, a
polyvinyl carbazole, a polyphenylene sulfide, an aromatic polyamide, a

25  polyimide, a polyamide-polyimide, a polyether-nitrile, a polyether-ether-ketone,

or combinations thereof.

11. The multilayered construction of claim 1 wherein the electrical resistance

material layer contains up to about 30 percent by weight of phosphorus.
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provided with a bond enhancing treatment which comprises treatment with
metal nodules, nickel, chromium, chromates, zinc, a silane coupling agent
or combinations thereof. 15 9. The multilayered construction of claim 1
wherein one or both of the first thermosetting polymer layer and the
second thermosetting polymer layer comprise an epoxy, a melamine, an
unsaturated polyester, a urethane, alkyd, a bis-maleimide triazine, a
polyimide, an ester, an allyated polyphenylene ether or 20 combinations

tharBesf mrditTiseedranssipEra @ cdHsruvtigRo TR ROW S ER e heat

resistant fmrlayercanprisesRPalvathyisrederepithalme, a
polyethylene naphthalate, a polyvinyl carbazole, a polyphenylene sulfide,

an aromatic polyamide, a 25 polyimide, a polyamide-polyimide, a
polyethe mmitiilesadiohsstimtior ticlake toheth coomisinat dagith&sof. 11,

Themulilavered sonstiuationahdaimeiwhgreimthgielstigal resistance
material layer contains up to about 30 percent by we osphorus.

. > ight of
SeacP N TG R ORI RBIEIANT Fh IS 148t about the
tapriaboatomie| aydife-ehthecelesisicah fesistaid ekecnate rialdayer are free of

Sn%!dft%haﬁa- Zhe myltilayered canstriction.of glaim  futher.camarising a

barrier layer adhered between said electrical resistance material layer
AP HRINsEEsRhBY el RicaN) CUAN EERRET &8R- Rherein said barrier layer
has a thickness of less than about 0.1 m, is different in composition from

spjd electrical resistance material laver, and is capable of protecting said
e%‘ct?i\c5??%gfg{a‘%1§ﬁrr?§{%‘ﬁgfSI5'?/ ur‘apr%é)Slrl a%%ggﬁegy alkaline. Err}(r%rlﬁgdné}acal
cpheleetihinteontiac ik cipyakito Fitvh B PrasrHigfs BN e8Iy Bttiched
laygss£OMmRArsing: a ftshrlasticaldnernguctive layer, alfirst thewmosetting
polymer layer, a_h?at : ) _

phosphorus” electrical resistance material layer electroplated onto a second

elecirically conductive layer.

15.  The capacitor of claim 14 which further comprises an additional nickel-
phosphorus electrical resistance material layer electroplated onto the first
electrically conductive layer such that the additional nickel-phosphorus
electrical resistance material layer is attached between the first thermosetting
polymer layer and the first electrically conductive layer.

16. A printed circuit board comprising the capacitor of claim 14.

17.  An electronic device comprising the printed circuit board of claim 16.

18. An electronic device comprising the capacitor of claim 14.

22



resistant film layer, a second thermosetting polymer layer, and a nickel-

phosphorus electrical resistance material layer electroplated onto a

second electrically conductive layer. 15. The capacitor of claim 14 which
whittheneamprises an additional nickel- phosphorus electricabrasistaneeos423

material layer electroplated onto the first electrically conductive layer such

that the additional nickel-phosphorus electrical resistance material layer is

attached between the first thermosetting polymer layer and the first

e'e%ﬁ%ﬂ%ﬁ%"af'fé%}{ﬁrl%lé%uﬂ&yéé%r&%gﬂﬁwi&ﬁf&ﬂ%ﬁ%ﬁk@ﬂéﬂ{a&lﬁgﬁ
capacitor of claim 14. 17. An electronic device comprising the printe
circift BoRrErop g ol mardachie BT R ek etsirpHsigdnative
capagtoeiedtelpifinkd AN Eh2DAGOEILOZR celidhn2O0RE@b e difo A
method..of fotrmin(%a n]ulylaX?red or%strlljctiqn 1%{vhf'(:h comprises attaching
-4 surface of a second electricdlly Conductive laver, attaching a second
a fifst trhermose?tlng polymer Vayer G & suriace of a frat elac rically
Scorfdersvsttiny eplersc tropl sain geasicive lephbisshsnigaafe srdtealatdsistance
matge ﬁkéﬁ!&é@iﬂig 11 S age s@&ﬁacﬁ%&ﬂ%&%ﬁ@ﬁi@%ﬂﬁ(e?%@ﬂé@%ﬁﬂ@é@“
attachitgl%Sra8 gecond 5 thermosetting polymer layer to a surface the

eleSHRSTYRETSIAHESHATEHAT 188 and then attaching the first and

second thermosetting polymer layers to opposite surfaces of a heat

resisfant iR RY S A3m PAMSHICHOL G, b9 WhEIe I g Affpching of

the first and second 10 thermosetting polymer layers to opposite surfaces

100f tHIS"ROSEHEGIBRAVIREH ﬁﬂr}ﬁf’él? O@thm thesheat resistant film layer

is by lamination.
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