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RESI STORS AND CAPACI TORS BACKGROUND OF THE | NVENTI ON
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to the formati on of capacitors, resistors, printed

circuit boards, mcroelectronic devices, and the |ike.

In particular, it relates to a process for

manufacturing a nultilayered construction for use in

preparing thin filmresistor-conductor materials and

the like. Description of the Related Art As the

circuitry design of central processing units

CPU)
seeks tdWEEHKEh@Fmﬁ%K@ﬁébﬂﬂéBbAXERE (3§§E%HC%KN8
per f or mance_glog BispORARISFORE UNIT CRBARFREREVET MOr e
important. The circuitry es gn ot pri d Circuit
Boar ds, which nnunt these |ntegrated circuits, is also
very inportant
eﬂamMsonpn@ ; 6
m croel ectroni c devi ces. CapaC|tors are used to steady
t he operational power supply of such devices. A
capa&idld ¢fithe lgventigayj ce used for introduci ng capacitance
i nt [ D d
ol ot e A ol Ry e (R R OBk e pPmed.
1@r pafwrm hoatdb.enif:ﬂoomtumicaievieﬁrsnmdiﬂnﬁgll@u fir papticulaf gylates to a

eI e g{ocesg g?rl man %aﬁtgrlré% amu ?‘rg ret? ccingt?tp %X‘{"l ﬁ)rr] SQ’HQ E}se\é%rgl%ﬁféi\ﬁo

Ive

f oi If8m résistcgaﬁﬁdh&tqr niakeialdi e&ﬂdeh?etlﬂdec material is coupled
to the electrically conductive netal |ayers via an
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thi Mncreased 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.

20  Capacitors and resistors are common elements on printed circuit boards and
other microelectronic devices. Capacitors are used to steady the operational
power supply of such devices. A capacitor is a device used for introducing
capacitance into a circuit, and functions primarily to store electrical energy,
block the flow of direct current, or permit the flow of alternating current. They

25  comprise a dielectric material sandwiched between two electrically conductive
metal layers, such as copper foils. In general, the dielectric material is coupled
to the electrically conductive metal layers via an adhesive layer, by lamination,

or by vapor deposition.
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capacitors for use in printed circuit boards has been
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pr obéséheen 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

20  dielectric constant, and poor dielectric strength.

It is 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 and flexibility of the capacitor. To optimize the performance of a
25  capacitor, it is important that the dielectric material employed have good
material properties, exhibiting such qualities as superior adhesion, high
dielectric strength and good flexibility. However, common problems
ﬁ'equéntly associated with extremely thin dielectric layers are the formation of

microscopic voids or other structural defects and inclusion of foreign material.



frequently associated with extrenely thin dielectric

| ayers are the formation of m croscopic voids or other
woernwsmbuesal defects and inclusion of foreign PCT/US2006/005424

material . These lead to electrical shorts. For exanple,
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attaching components of the structure in sequential order of the layers.

20  However, several disadvantages result in the sequential attaching of certain
layers of a structure. For example, some materials cannot be attached or
formed onto other materials with desired precision and uniformity. In
addition, some materials fail to provide enough strength to support other
materials which must be formed thereon, or attached thereto. Furthermore,

25  manufacturing costs associated with some materials and processes, such as
electroplating, make it undesirable to attach certain layers in a sequential

order.
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onto a first surface of a heat resistant film; providing a second electrically

conductive layer having an electrical resistance material layer formed on a
surface thereof; attaching the electrical resistance material layer onto the
20  second thermosetting polymer; and attaching the first thermosetting polymer

onto a second surface of the heat resistant film layer.

The invention also provides a method of forming a multilayered construction
which comprises the steps of: attaching a first thermosetting polymer layer

25  onto a first surface of a heat resistant film; attaching a second thermosetting
polymer layer onto a second surface of the heat resistant film; attaching a first
electrically conductive layer onto the first thermosetting polymer; providing a

second electrically conductive layer having an electrical resistance material
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20  material layer formed on a surface thereof; attaching the electrical resistance

material layer onto the second thermosetting polymer; and attaching the first

thermosetting polymer onto a second surface of the heat resistant film layer.

BRIEF DESCRIPTION OF THE DRAWINGS

25
FIG. 1 is a schematic representation of a first embodiment of the inventive

process, wherein the multilayered construction includes one electrical

resistance material layer.
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thermosetting polymer layer 8 is attached onto a first surface of a heat resistant

film layer 6. A second eléctrically conductive layer 12 is then provided, which
20  has an electrical resistance material layer 10 formed on a surface thereof. The

electrical resistance material layer 10 is then attached onto the second

thermosetting polymer 8; and the first thermosetting polymer 4 is attached

onto a second surface of the heat resistant film layer 6.

75  Tn an alternate embodiment of the inventive process, shown by FIG. 2, a first
thermosetting polymer 4 layer is attached onto a first surface of a heat resistant
film layer 6, and a second thermosetting polymer layer 8 is attached onto a
second surface of the heat resistant film layer 6. Next a first electrically
conductive layer 2 is attached onto the first thermosetting polymer 4. A

30 second electrically conductive layer 12 is then provided, which has an



In an alternate enbodi nent of the inventive process,

shown by FIG 2, a first thernosetting polyner 4 |ayer
woomtwawhed onto a first surface of a heat reBCSUANG06/005424

filmlayer 6, and a second thernosetting polyner |ayer

8 is attached onto a second surface of the heat

resistant filmlayer 6. Next a first electrically

conductive layer 2 js attached onto the first
t heslestrical resipigncs anajsrist layer 1 faraed Qg aéFr\%?&F F*}e&egf'l The

co mc'ayl%siFtQQ/c% Imaledial BydrN8Ms REPHSRA, o thé becbRB

anel ectrical resistance material |ayer 10 fornmed on a
surtherpwesdattig dfmerBhe el ectrical resistance materi al

| ayer 10 is then attached onto the second
thernosetting polynmer 8. In a further enbodi nent, show
Dy kaGurt@r e@bddimsit, thoarbydd@1 3, i digst trekyosetting pyplymenlayes 4

attache nt o first surf .Qf heat istant .fil
ayatiahedae a st e SHART AT BOry frbd Fuard | o
at tAghRGtaRY Pidnesensissudiac entoh stddad hetice ofthe Btaant
film6. Next a first electrically, conductive . layer.

i s tevigetdida o Wextniifheledriqaly sendutbEepicEals FRdiy ‘é(h'&é
matgk g%lésit leﬁXtﬁEal%%th%@EQteﬂﬂ_ 1&yeP Y6 fRmsd s aRRke théveof.

secon ectrically conductive |ayer 12 is also

1(r oisebedd elhetritaiky candvetionldyes 12 istalsoutvidedshayingricsecond
material |ayer 14 for f f oy
11 rereodioLisp R ol 15 oMb dfify REET ThdRR
at t dednedl esiksandehgatérial Slyert 106s tils etdchadgpnpothy fiet | ayer 4,

dth | ectrical : i al :
B

| ayRyerd 4 ifdactid RRIBS sc@bnd thérfobditt@olyaer 1kt &chi ng
means any nethod of appendi ng one |ayer to the next

13 ayer, non-exclusively including coating, |annating,
PR 08 BTG 5 GCRRP e
of lape tc;srﬂllewb}ktago@r, adn@mgi;ui\re!lbdntlodng araéinatlara@htértg?i S azl(r:]:r >
gﬂﬂggpglé%rgt{gdgz%% He{p%siggg,te[é%trgd’eggs%ﬂ}n, f)lgt\{negr,] 511 %porlﬁ?g. first

20  The order in which the layers of the multilayered constructions are attached is

an important feature of the present invention. The first and second
thermosetting polymer layers serve as an adhesive between the heat resistant
film and the other layers of the multilayered construction. It is a key feature of
this invention that the adhesive polymer layer or layers are attached directly

25  onto the heat resistant film layer, specifically on the side(s) of the heat resistant

film to be attached to an electrically conductive layer having an electrical
resistance material layer thereon. Attaching the adhesive onto the heat

resistant film rather than the electrically conductive layer streamlines the

manufacturing process, particularly in the formation of the electrical resistance
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20
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 be roughened, such as by micro-etching, by being electrolytically
treated to form a roughened copper deposit, and/or by being electrolytically
25  treated with a deposition of micro-nodules of a metal or metal alloy on or in
the surface. Such include a treatment with nickel, chromium, chromates, zinc,
and a silane coupling agent or combinations thereof. The nodules may

comprise the same, or a different metal as the electrically conductive layers.

The nodules are preferably copper or a copper alloy, and increase adhesion to
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whi ch produce roughness
pm, more preferably from about 0.5 pm to about 5 um, and most preferably
from about 0.5 um to about 3 pm.
20
The first and second thermosetting polymer layers serve as an adhesive
between the heat resistant film and the other layers of the multilayered
construction. The first thermosetting polymer layer 4 and the second
thermosetting polymer layer 8 may independently comprise an epoxy, a
25  combination of epoxy and a material which polymerizes with an epoxy, a
melamine, an unsaturated polyester, a urethane, alkyd, a bis-maleimide
triazine, a polyimide, an ester, an allylated polyphenylene ether (or allyl-
polyphenylené ether) or combinations thereof. The thermosetting polymer

layers 4, 8 are typically in dry, solid form, and may comprise about 100% of



paranmeters wherein the arithnmetic average roughness
(Ra) ranges fromabout 0.2 to about 1 mcrons and the
woemepoi4ss hei ght of irregularities accordi ng POTIUSED06/005424

64287-1 (Rz) surface roughness nmay range from about
0.5 mMmto about 7 mm nore preferably fromabout 0.5
mmto about 5 mm and nost preferably fromabout 0.5
mmto about 3 mm. The first and second thernosettjng
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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

20  contrast.

In one preferred embodiment, the thermosetting polymer layers 4, 8 are
applied to the electrically conductive layers or heat resistant film layer as
liquid polymer solutions to allow for control and uniformity of the polymer
25  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. The polymer solution will include from about 10 to about
80% and preferably 15 to 60 wt % polymer with the remaining portion of the

solution comprising one or more solvents. Useful solvents include acetone,
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thereof. If incorporated, a filler is preferably

present in the thernosetting polyner layers in an
wanerwi14e8 from about 5% to about 80% by vol unecofustdee/00s424

| ayer, nore preferably from about 10%to about 50% by

volume of the layer. Preferably at |east one of the

first thernosetting polyner |ayer 4, the heat
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contrast. In one preferred enbodi nent, the
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an d{ntéﬂ&lf A Rdodindnt HREROH XSS thd fisCdnaasdond TikemsRitiagi on
w Il typically have a viscosity ranging from about 50
t o pdipuer [@Br000pRsie ppficesol WethqataEﬁbg%ﬁ g}m dyenis densdivt v
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portion of the solution conprising one or. nore
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ket QF j ' f gle,
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15 eSkgcaitt(460 psily, prefeablybirom abdue4 b dfiornT (78 pbi) th abbetelds. | n
such an .enbodiment, the attaching of the first and
secgﬁﬁm%H%QQﬁEQetting pol ymer |ayers to opposite
surfaces of the heat resistant filmlayer is done by

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
20 microns. Preferably the thermosetting polymer layers have a dielectric

strength of at least about 19,685 volts/mm (500 volts/mil) thickness.

The heat resistant film layer 6 preferably comprises a polyethylene
terephthalate, a polyethylene naphthalate, a polyvinyl carbazole, a

25  polyphenylene sulfide, an aromatic polyamide, a polyimide, a polyamide-
polyimide, a polyether nitrile, a polyether-ether-ketone, or combinations
thereof. It has a preferred thickness of about 12.5 um or less. The combined
thickness of the first thermosetting polymer layer 4, the heat resistant film

layer 6, and the second thermosetting polymer layer 8 is about 25 pm or less.
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| am nati on. Lam nation may be conducted in a press at

a tenperature of from about 1500C to about 3100C, nore
wonefemoatsby from about 1600C. to about 2000C. PCT/US2006/005424

Lam nation may be conducted for from about 30 m nute

to about 120 m nutes, preferably from about 40 m nutes

to about 80 mnutes. Preferably, the press is under a

vacuum of at least 70 cm (28 inches) of nercury,
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yam de
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has eferred thickne 25mnor | ess.
The? D80 mon el o fad At SibvolEhor moser 1 ng

pol ynmer | ayer 4, the heat reS| stant filmlayer 6, and
the second t her rmsettl ng lymer layer 8 is about 25
nm Bior|te atiacting th@é%)tefsrté@f@tth%muﬁilqyﬁﬁeﬁ sousfrugiongide feay) CAT

of ed
o BERAIARL ol P pORG i sty e

1f'n asmay doumige 8 plotia reasmett, adswera t@@men‘g fchengica itreptorest ora
tensil.e Ilrlsetg‘grth of about 20 kgf/mm2 or nore, an

t
el o%oml%m on Pout 5% or nore, and a hi gher softening

tenperature than the lamnating tenperature of the
first

The electrical resistance material layer 10 preferably comprises a material

selected from the group consisting of nickel, chrome, nickel-chrome, platinum,
20  palladium, nickel-phosphorus, titanium, iridium, rutherium, silica, and-

combinations thereof. In a preferred embodiment of the invention, the

electrical resistance material layer comprises nickel-phosphorus.

The electrical resistance material layer 10 is preferably electroplated, using a
25  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 liquid electrolyte solution, and applying

an electrical potential between a conducting area on the substrate and a counter
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t hernosetting polynmer [ayer 4 and the second

t hernosetting polyner |layer 8. The dielectric constant
wohowaohesnf the first thernosetting pol ynmer | aper/ud2006/005424

the heat resistant filmlayer 6, and the second

t hernosetting polyner layer 8 is about 2.5 or nore.

The heat resistant filmlayer 6 preferably has a

di el ectric breakdown voltage of at |east about 50

vol dlestrofpinghpliendr Ashgmisal prossssiakeppiase 9B ReIR e, and
TOShRh S A Y i GPLy ARGkrE0 volts. Prior to
attaching the“layers to formthe nultil ayered
construction, the heat resistant filmlayer 6 may have
under gone..a d en i .k . j

conpr s PR W RN Mo IR By operae
£ hegtiagahperatar@tsigalficamily grenndpitina trowmin entpemrued fthat Bhat a

el ectrical resistance naterial | ayer referabu%to

. Bt e 10 D
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r ut tier IFYh§0°€). The thickang of drelziaoad-depsitédedecaahl rebistazce
pre{erred enpodi ment, of ﬁhe invention, the electrica
r esiY SRRASTIFHPTEINP SPNINGHYE I EL PP WRBTOFFSEREF 2 HGEPHYr us.
10h e;f)l@ﬂir%géfﬁéi%kr WhEsh! i§ iR RS aTiicBbn 8f tehpdt@rel 0 i S
preferably el ectroplated, using a conventiona
el ectropl ati ng process, onto the second electrically

con ' “ORk At LS idect j I
B
p| algypophaaplsitedens; adein ipartiqulbi, fydoghesblita ipe fprneedsfiny nicls,

and, appl yi.n ; tri.cal, . potential. .

o RPbE, GReEhBT NGB PP 5 b e
onfeaarolaloeﬁickmﬁlbbmé @ﬁCD&)ﬁwﬁﬂ?hypéplm.blﬂmm?laciﬁlr(HM$ f

ta es place resultin In rmatl on, o r r o

rat b4t &% niGkel R0kttt siable E‘P@%ﬁ%‘ﬂ%ﬁsiﬂﬁ@ obaIRE s od

f or pRIFLAGRRRLAr{cAINtefitarc8 Hysit dnVecohiil e faydiiSlepated by

operate at a tenperature S|gn|f|cantly.%£eater t han
r oofarmingpe paregpesolytiparof pout age-half mole of nickel carbonate and

one mole of hypophosphorous acid with a limited amount of water thus

20  producing a crystaline reaction product which completely dissolves when
diluted with water 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:

25  NiCO; +2H;P0; =Ni(HzPO;), +CO,+H;0
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
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tenperature in excess of 100 F (380C). In fact, nost

bat hs previously used to deposit resistive alloy filns
wopeaseaveicat a tenperature of 150 F (65C) to abear/udidemos424

(1000C). The thickness of the el ectro-deposited

el ectrical resistance |ayer deposited on the

conductive |ayer in known processes is a function of

plating efficiency which is, in turn, a function of

t enfpotiesized.to At exanpl e of a suitabl e el ectro- pl ating

bath conprises an aqueous sol ution of hypophosphite

ions, and in particular, hypophosphite ions formed

f r ONiG1} ¢X&H,RQpeNk(Hs POL); €2XaG1( H2PQO2) 2) . Ni ckel

hypophosphite is easily prepared by the reaction of

ni ckel carbonate (N CO3) with hypophosphorous acid

§ :‘Bﬁt@ne)thelégb \af m!taysbe mif@ked tohﬁ%ﬁl}&hﬁ%&bﬂr(ﬁ-plaﬂng bealFoemedr

el ectro-deposition of a nicke ectric
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ni ckel carbonate and one nol hypophosphor ous aci d
Wi t hloaldb end Waidr; afowens amlem@amgrm@ Tormesrd feampgicke!

cry I
LGP OO Po RS o pULEO ERTR Rl e Vs
10 6 Eroﬂﬁdees bp@godlucﬁcﬁ’ soditth ehlogdewhicmmiust bge¢rhevgd & prevent

W t i nt endj n it. th t

P 0Bty camenrong I0uR b it ion PR S At P A e
+2H3RGR: Gt EdAgit{alechypSgAdspHRAS otk fcﬁﬁlﬁ@frbmeilqkﬁl an
electroglatlng bat h conpri si ng hypophosphite

I or i hepphosphithiiasioesn Tayrsbiofhe SpHR I@a‘régmpqg@ulﬁ? ga@ggautggoc
e
e T R e e

16S hY@ﬁ°E%$uZl@ﬂatﬁ@arb effechivél RmpiiairR RERskive.( H2 PCR) 2

+2NaCl net hel ess, it may be preferred to enpl oy an
el ectro-plating bath forned

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 resistancé material layer contains up to 30 percent
20 by weight of phosphorus. In another embodiment, the electrical resistance
material comprises from about 30 to about 50 percent by weight of
phosphorus. A further 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, HsPO; and H3PO,, wherein the bath is

25  substantially sulfate and chloride free.
Tt 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
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from ni ckel carbonate and hypophosphorous acid with

ni ckel - hypophosphite as a reaction product since the
woeeamtowo3 pr oduces by-products of carbon di oxi #eTAIS2006/005424

wat er; whereas, an electro-plating bath fornmed from

ni ckel chloride and sodi um hypophosphite to produce

ni ckel hypophosphite often produces a by-product of

sodi um chl ori de whi ch nust be renoved to_ prevent undue

conthesleetsicilspsistance teyersleergeses, theresisiancy ObSift PYRS dirEeases.

process. An electro plating bath conprising

hypophosphite ions formed from nickel hypophosphite
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the electrical resistance materi al Iayer cont al ns up
to BbupenZentto tapoun/@mgm m@fe mhfe@pkxcfrqnsabwho Gthpmpie pbout 1

enmbodi nent, th e c terla

conpt n?$8ﬁ$§§ﬂ% m@@ 38 ¢ehit by wei ght
18f phosphorus. A further enbodlnent of the invention
i ncludes an el ectroplating of the sec gﬁ el ectri ally

conduan addisionalperierad enbodintent giisest diedep BRUHER EBRY Tayer
sol ykiQ @leﬁtfnc@a | ARt maRRSNRF &8 frebBPQAIBAAN E@cﬁ’@r,

wherern t I's substantially sulfate and chloride
f r egrefdrtediesibhdiownt, the stifese of the eleefricel spsiztange matsrialpysr is
electrkﬁmal resh s stance layer of a circuit board

mat &P4° ?gqﬁi%endent on both the thickness of the

18l ectri cal reS|stance Iayer and t he reS|st|V|ty of the
mat er i al e ed therein. ckn e

ol e dbe PR Cralketr etk ik L P FE Hpdbh IR same
of  SRHFfelRYBEm HCHQARAPresidthife M @Hal lagel10r rif@hianthese

material |ayer 10 preferably has a resistance rangi ng
two layers 10, 14 are substantially the’same.

20 In an additional embodiment of the invention (not shown), a barrier layer is
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 protectirig said electrical resistance

25  material layer 10 from attack by alkaline ammoniacal copper etchants. The
barrier layer preferably has a thickness of less then about 0.1 pm, more
preferably ranging from about 50 angsroms to about 0.1pum, and most
preferably from about 150 angstroms to about 600 angstroms. In a preferred

embodiment, the barrier layer is electrodeposited using conventional
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from about 0.5 ohns/square to about 10, 000

ohns/ square, nore preferably, ranging fromabout 5
wohow/ogear e t o about 500 ohns/square, and nDSPCT/US2006/005424

preferably rangi ng fromabout 25 ohns/square to about

250 ohns/square. The el ectrical resistance materi al

| ayer preferably has a thickness ranging from about

0.02 mmto about 0.2 nmnore preferably from abou

0. OBchniques Blsokprrier laygy cagbg a%’@fgaﬂhcé?aéﬁr&bwglc #he°8Bout

ghggtglﬁg% %etle%maﬁw IIth s okttt A didrANAled BE B SRR

east the top about ten atom c |ayers
of tage havend substattial deiimeatnlesectandhe wriformifeefl the wsipthaly
of s

ul] fur.. I n anot her. preferr . I ;
sur f cgﬁl%ffm}cﬂgnaé Pré’g?ritlleég%fﬁ{’eruensdlg g?%%%%%ﬁ%ﬁ%% er s
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enmbeethprisas Nofnt he i nvention (not shown), a barrier

| ayer is adhered between said electrical resistance
material |ayer 10 and said second electrically

10 ondiie tiultBaylesed epnstBotionk &rmiet acsaidihgiia theiinventivgmpethpdiare g
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resistance material layer 10 fromattack by al kaline
amoni acal copper etchants. The barrier |ayer

prefes #‘e}‘reh 281bEdimBhIf RS Rvetfiod, 8RréfBedl APRithndd ofa MM

nmore preferably ranging from about 50 angsrons tg
14bogepaditar fanmedanedrding to the ventiap isat feagipbasd(P iy, more

SR SR DO AP ATl P A e

usi Rgeoedify @Ithé dmaltion atayibe uesl.in Thaidyaofitratedicaget can be

an Iagl(o)lgc tallgr{sc Fgraetx%l[nip?el, anV\in:<:(‘Er|'i]capcaosnn&(::’cg.}l(())r(il may be present on the first
electrically conductive layer and another electrical connection to the second

20 electrically conductive layer. 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

25  devices such as chip packages. Generally, they are used by creating a first
circuit pattern on one or both electrically conductive material layers. A second
circuit pattern may be applied to the polymer surface either in the form of a
conductive foil, by electrodeposition, by sputtering, by vapor phase deposition

or some other means. In addition, it may be necessary to generate vias in the

16



etchant selectivity. It is also inportant that the
materi al used as the barrier |ayer have no substantia
wdebttsiooessal effect on the uniformty of the PCT/US2006/005424
resistivity and other functional properties of the
underlying electrical resistance |ayer. The barrier
| ayer preferably conprises a naterial sel ected from
the grqup cansi of Ni-$S ?n, Cd- Sn, Cd-Ni,
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conprises Ni-Sn. The nultilayered constructions forned
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|n may
o ERE A TB B Mo il Sl 18y PR Kdnig e
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acc SVdiadigtioncreatias Pﬁ‘%‘i‘?ﬁi cBsritRsieBe The BRperd, Ca@a%ﬂr ishsp of
Pri BiReedth i dbveidhd &1@&55@2 $hat SRctiPARPRIFes BB unwanted
el ectrical connection nma present” on the first
18| euraxpesst pyrtiodn dU@tcam@ltorayléT cn@mﬂ ipagstihiben edngastedivai
con Eﬁa’o% mﬁc?il ét@lﬁa £ l?a?l%qg r ?1110%% ttﬂ’e egtgt%sjeg c@%ﬂg%tlée%ﬁ leaving
| ayer. e capacl tor e connetted to or b
I nctrefinabdesited dmhdu@av@pattetredi capacicni Aldopeachl ofthe odrlulactive

el ectrani c devi ce or e ect oni c e

confiegal Bty aobsib oo EEuhF s g oy g hote
capagbdeflthe éﬁﬁﬁ%’caﬁﬁh’teh@d@ﬂlﬁ% iedithi thndattivrhasdedmnatibi n
rigid, flexible or in rigid/flexible electrical
18i r elgpase pigForabliecpngnaied At & MBERELOIdF0SE- her

m croel ectroni c devices such as chi p packages.
Generally, they are used by creating a first circuit
pat ke methad ofigresent inwtntior b&ar r sigaificant goprduabént & precision
nater

unlforn% Fofthe éuﬁﬁa%/grrég constructions during assembly. This results
in improved performance over prior art capacitors and printed circuit boards,

20  while maximizing cost effectiveness.
The following non-limiting examples serve to illustrate the invention.

EXAMPLE 1

25
A 35pm thick electrodeposited (ED) copper foil is provided, which foil has a

surface roughness of 3 microns and has been electroplated with a layer of
nickel-phosphorous. The thickness and composition of the nickel-
phosphorous layer is such to result in an electrical resistance layer of 25

30 ohms/square. A layer of epoxy resin is applied to the foil with a thickness of 6
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circuit pattern nay be applied to the polyner surface
either in the formof a conductive foil, by
wehewtwodaposi tion, by sputtering, by vapor phRE®/US2006/005424
deposition or sone other neans. In addition, it may be
necessary to generate vias in thecapacitor to

el ectrically connect opposing circuit |ayers. Once a
capacitor has been formed, circuit patterns may al so

be mice@ise Onianothbres Sqlne EDrdopiae Ifgil loyrd @€ enows resin is ppraied to

| ayer ,usin nown etching t L gues. .| ' .

|y einides ST A EAET P TRdP e rytefeaThEi g,
Mat @leb@df 10 $igBR bbI§snide fildh BetGodtte tvio/esih sinffackayer .
Using a negative photo pattern, which i rlaid on
t heLaraigpiiqn ocewre inghibtdinubie pises yeetedol §siea 330 iy @13‘108‘”

§ adippl ]%rgﬁ AfberdSalidMidaad B oLIBAMI MY Afiéleshih&ebn the

circurt pattern. The 1 nmaged capacitor is then exposed

to torbinagweduspisilglcPesentiot Fested s 00swalts &a sheelr {pr pesiiies

t he .unwant ed unexpose rij ' 1
ci v TG (ofagE o P A e S bRE e AR bl
et c hahtiqies ubisg tivalksime eeharte Thix posdsiroaehds theicopper wythout
| eavi ng, t he fi nal sired conductive.pattern
capataetioe Hepimes RIRP RS “eORB UG ey | gpducted
1 P ay §f Rril Bk r@s%t!)%&éﬂn)bg Rec@mEsihinkGal 4 photaesneaikpakitpyand
ormng a hol e throug| the,entlre,capa0|torfand
fil riewg)piutg itni Fhiy photosmststremping onhedTi-F IRygikA Ao BIss U eps
ar &, Rl BLAM Y TROADENGLGA Nl Ry hVod Uit Phn derDGhani@geh
met hod 0 present 1 nvention offers a significant
i Mproseimenpersuifapracilfirsrpempiicl il fephpiorepisbis stripped and the
mul til ayered constructiaon | [
r es (PSSR IPWﬁ?%@‘ésdn%aélrt?r%a?er?go Elgﬂgr\llsg?&%g?%&rlor;ﬁ&&al fest
16apatlhu@ing I—Hg]ﬂPcnéﬂftifaI testing). Fﬁi&ictrcuhﬁ&d?ml)du\wgoleethrough a
maxi m zi ng cost effectiveness. .The follow.n .
o PRacRAstp ASPAIR SRR S FRIEmIPRHqN. [ PFSES i fplack oxide or

| NVeRLiGRativEX A biFeukizéd gt idlhkinaRl atd & aaaNoe: tiedit
(ED) copper foil is provided, which foil has a
board and completed using industry standard techniques.

20 EXAMPLE 2

Example 1 is repeated except with a resistance layer of 1000 ohms/square, an

epoxy resin thickness of 4 microns and polyamide film thickness of 4 microns.

25 EXAMPLE 3

Example 1 is repeated except that both sides of the polyamide film are applied
with copper foils each having a resistance layer thereon, resulting in a two

sided resistor product. The resistances of the layers can be the same or
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surface roughness of 3 microns and has been

el ectroplated with a | ayer of nickel -phosphorous. The
wohbwlkness and conposition of the ni ckel phosphBComs2006/005424

| ayer is such to result in an electrical resistance

| ayer of 25 ohns/square. A |ayer of epoxy resin is

applied to the foil with a thickness of 6m crons.

anot her 35 mm ED copper foil a | ayer of epoxy resi is

appfisgilarsugh a7 5abmsisquass omssids egad 100pRhms(guare gp @g

foils are lam nated together with a sheet of 12 micron

pol yam de Fi |l m between the two resin surfaces.

Lam nation occurs in a hydraulic press under 250 psi

at Hdle thefpsesent ipvantion fasdeen pagticulary geayn qng daf%ecbwa%r a
vac

or o te (R b BB JATIBEHR eI B o
§ or oploBE dkilbmstlmart that varipest cheges sl reedifieationsmay heygade

cop ces. usi,n ndust ndar e

oy R0 Rt LR S Me et SR Pt B IINGHEER o
copfericlaihs Bwluterlﬁété@fd@onq thdkﬁsdl@gdl ahbcnmed edt{dhed@)altﬁmytedes
A second i nagi process i onducted. to formthe

res Wgt‘% ?‘aﬁé%ef’% lﬁct}ﬁﬁ eYﬁﬂ‘ha Iali AHER ‘?‘Wtfbth%re?‘?h ot oresi st
exposi ng and devel oping it. The photoresist remains on
the Ni-P layer that defines the resistor pattern. The
background Ni-P is renoved using an acid etchant (such
as sodi um persul fate or sulfuric peroxide). The
photoresist is stripped and the circuits are inspected
usi ng automat ed optical inspection and or el ectri cal
test (including H gh Potential testing). The
circuitized product goes through a process to prepare
the copper for relam nation. This process is a bl ack
oxide or an alternative. The circuitized product is
|am nated into a multilayer circuit board and

conpl eted using industry standard techni ques. EXAVPLE
2 Exanple 1 is repeated except with a resistance | ayer
of 1000 ohns/square, an
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epoxy resin thickness of 4 mcrons and pol yam de film
t hi ckness of 4 mcrons. EXAMPLE 3 Exanple 1 is

woepwsaved3except that both sides of the pol yanPde/uSedoamoos424
are applied with copper foils each having a resistance
| ayer thereon, resulting in a two sided resistor
product. The resistances of the |layers can be the sane
or dj sini%ar such as 25 ohns/square on side one and
100 Widd¥e on side two. Wiile the present

i nvention has been particularly shown and descri bed

wth reference to preferred enbodi ments, it will be

r eadiA pethop b brming@ mytileyaseckconstrustion whick cesrprises attacking

art , jhedh Mﬁc;sét‘ﬁH% E&P@gr?lngfeﬁ @Htg a@t‘ﬂc@ 0§ QHS'PQIS.ctHQ%ﬁy? ﬁ o made

wi t hout  d eparti e spirit and

5 nvemmdidive ldyer; aachimgarseead thatloxﬂneg pblammslajzm: onto a first

inter ret di scl psed enbodi nent, those

't SPRE b e i A B P e s o

equésrdh@ive %ybhlﬁVBngn\éhaﬁrlchls esistaticsmdtetisl laykr fofme®bhod of
yered construction whjch conprjses

f I
a? { g‘%ﬂ%@eggﬁ Ht msﬁléer%%@i reHgfanss masial iaw@rﬁgdm o a

sur §e@§1ﬁi tﬁérrrﬁ‘)sét’uﬁgsﬁolﬁh&%rfd' B&dhing tH@ﬂx@%Eﬂrﬁb@eﬁlﬁ’é’ Fdlymer
attaching a second thernosetting pol ymer |ayer onto a

19 i r ento g gecoad aurfare af th@hQat regigtastifdmtlayer.l m | ayer ;

provi ding a second electrically conductive |ayer
havi ng an el ectrical resistance material |ayer forned
on 2 Bumictiod df blaine dfwhemirt the hliaoging hfatédastodne iof thle first and
re3|st ,ﬁe mat eri al nto th

{ heraBeareTirar e ibene e G behgeH e rRaT e egt resistant

t hefinPReértis holap@ayib®r onto a second surface of the
heat resistant filmlayer. 2. The nmethod of claiml
Iherein the attaching of at |east one of the first and

Secy, nlqletntb@i{da[b? %fa‘n‘l AN HRRIYVHBEledtAYE Fe%m%aﬁceorﬁﬁgﬁa{l tl%/el has a

surfaces of the heat resistant filmlayer 1s
| anfepistaiggyanging from about 0.5 ohms/square to about 10,000 ohms/square

4. The method of claim 1 wherein the first electrically conductive layer and the

20  second electrically conductive layer independently comprise a material
selected from the group consisting of copper, zine, brass, chrome, nickel,
aluminum, stainless steel, iron, gold, silver, titanium, platinum and

combinations thereof.

25 5. The method of claim 1 wherein the first electrically conductive layer and the

second electrically conductive layer comprise copper.

6. The method of claim 1 wherein the first electrically conductive layer and the

second electrically conductive layer comprise copper foils having a surface
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3. The method of claim1l wherein the electrica

resi stance material |ayer has a resistance rangi ng
wébrawoabwst 0.5 ohns/square to about 10, 000 PCT/US2006/005424

ohms/ square. 4. The nmethod of claim 1l wherein the

first electrically conductive |ayer and the second

el ectrically conductive | ayer independently conprise a

materi al selected fromthe group consisting of copper,
zi nEOUSRReERZ Idihe FARES Olff ik ghout &P wi AGRRULSHAT Nl ess
steel, iron, gold, silver, titanium platinum and

conbi nations thereof. 5. The nethod of claim1l wherein
t he 7§ Thegreteqdeadictaing 4| wheredoatdenst dng of tha fiest elgpttiicallye second
el e ' I [ I 1 CONnpri.se.copper. 6. T
et PO e BROHE Lol ARy RIS EE W PERE oy oo R
£ onebatd enbardcingareammuait dinenesoe bothdides thetevf. cal | y
conductive | ayer conprise copper foils having a
surfaceroughness Rz in the range of from about 0.5 mm

t 0 8bIHtm&hdHBf ciaim TReheFdRt £108hstQine ©F i st clobgiEAlyn at
| east one of the first electrically conductive |ayer

and°INgEctive dayRtand) theteppndelqciricalbnensdiqtive lavenase pravided with
gr oy b&lﬁﬁenﬁaﬁcmgqregwt @Hﬂaﬁ 2%@?65 &éaagf@éﬁ% %m%{émsdlﬁés

oth sides thereof. 8. T hod clarm ereln at
19 easickadrbirapfiiumhehrfinatss, zimk.cotilpnc@uplingagent we tomtEndtaper
andﬂkggfsecond el ectrically conductive |layer are
provided with a bond enhancing treatnent which
conprises treatnment with netal nodul es, nickel

chrom.um chr tes, .zinc, a sila coupl i ng agent or
co nglr%ﬁt"i‘ #E@%iwhe@n Frzor E@Ll‘?gg‘e st éhegnosetifger ei n
on ep&mmﬁﬁr afd thbechhd @Erdd@ﬁfiﬁ%ﬁcﬂ%érn@epéﬂnﬁfﬁé ah ¥R,

and t second thernosetting ymer l‘ayer conprise an
1% pokipelaginge pravaspiairatedrpoliestan apesthage, piydeshiemalegmide

Ure , C el .
pol g%ﬁg’ea , @W fehg t églr%g{egi 5 Hg lfa;{aaltpgglp%%%y% éh gtﬁflrl Ogn e et her
or combinations thereof.

10. The method of claim 1 wherein the heat resistant film layer comprises a

20  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 combinations

thereof.

25  11. The method of claim 1 wherein the electrical resistance material layer is
selected from the group consisting of nickel, chrome, nickel-chrome, platinum,
palladium, nickel-phosphorus, titanium, iridium, rutherium, silica, and

combinations thereof.
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conbi nations thereof. 10. The nethod of claim1l

wherein the heat resistant filmlayer conprises a
woabos@vhwB ene t er epht hal ate, a pol yet hyl ene PCT/US2006/005424

napht hal ate, a pol yvinyl carbazole, a pol yphenyl ene

sul fide, an aromatic polyam de, a polyimde, a

pol yam depol yi m de, a polyether-nitrile, a

pol r-et her.- ket on or. c i.nations thereof. 11.
e Feafe i ST e s AEtneT oy Bt el v

r estaipiseenickl-phdsphorbayer i s sel ected fromthe group
consi sting of nickel, chrone, nickel-chrone, platinum

pal I adi um ni ckel - phosphorus, titanium iridium
" UL 12 Tht ethB4 of Gfien RIIG A MMMk Rfei B8 Hateh ) 121

met hod of claim 1l wherein t el ectrical resis

Trat @ntads updy ahoug dhpertent by weightalf ppdspbehor us. 13. The
met hod of claim 12 wherein the electrical resistance
mat eri al |ayer contains up to about 30 percent by
wei thithomefhhd sHéiaimubwhérdin tHhedecithhesistafce Ghatdrial fhyer is
mhe%gin thz gjep}rical resi stance material |layer is
form&%que?CS?Fgﬁ%ning. 15. The method of claim 11
wherein said electroplating conprises the step of

el ec | ating the second el ectrically conductive
1q ay]esltr l’rﬁigmﬁéiﬁ‘éf’fﬁl%‘%rwlﬁr%@ sahelaeiioplstiag eampristothe ofp of

Ni CH&BkroblAfin S , r.aj . his

L Eerob Rl B e ipd TR0 oS 1o s el ok

meta98epus soluticn efiahickiabioe soures HiRQysind HHROL, oyhembhotiat batk ik

at %ﬁarjﬁg}f}%ﬁfa&faphIgﬁllO%elclleeigreter ical resistance materi al
sul'fu

| ayer are free o r.17. The nultil ayered
construction of claiml1l wherein the surface of the

lectrical  resistance material |ayer is substanti al
ISFeJ i tel%f ’ﬁ" eemgthgc? @%cﬁetlﬁn whezeip gidpast the to% about ten atomic layers of Y

the electrical resistance material layer are free of sulfir.

17. The multilayered construction of claim 1 wherein the surface of the
electrical resistance material layer is substantially pit free and continuous when

20  viewed at a magnification of 400x.

18. The method of claim 1 further comprising a barrier layer between said
electrical resistance material layer and said second electrically conductive
layer, wherein said barrier layer has a thickness of less than about 0.1 pm, is
25  different in com_position from said electrical resistance material layer, and is
capable of protecting said electrical resistance material layer from attack by

alkaline ammoniacal copper etchants.
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viewed at a magnification of 400x. 18. The net hod of

claim1l further conprising a barrier |ayer between
weoeabw/el4st ri cal resistance material |ayer andPe@iug2006/005424

second el ectrically conductive |ayer, wherein said

barrier |layer has a thickness of [ess than about

0.1mm is different in conposition fromsaid

eIe ric st.ance terlal and is ¢ bl e

¢ °B viihed 6ol B ERulRleston VB seBRERe ©
l ayﬁépsfolf %ﬁh@ﬁﬁg@ﬁrshﬂierﬂldﬁ@ﬁﬁ@@lm@bﬁ&% a P PG Face of a
etchants. 19. A nethod of formng a nultil ayered
c onksat issistrr il atéashins mppcond thermpsetting palymer: [ayef PRERI ng a
f L Kok A GRSl Hagk @Q%téﬁﬂ‘?i’iml AU inPD iR Bedilidely surface

%eat resi st ant m "attaching a seconé

i he¢qmdscéwc layer quéd Wﬁrst theyneoseibing polgmsie ptmdilm feewd of
the 1ca11r egrlld%ct‘?vmla er 11591 aatnt GCE‘IC e t Ak Stat ial layer
eIec?rlcaVF conduetr Ve 1By er a1t o T he First &
t hefonaakdi 4 ngfap@tlhym‘&ﬁ ancparttavhmig thg elactsied ogsibtadbembterigdal | y
conducti ve | ayer FaV|n | ectrical resistance
mat BY§r gptoyths erondncrags Face thereof; and
attaching the el ectri cal resistance material |ayer
onto the second thernosetting polyner. 20. A nethod of

19 or - Agnethed o formaipe p vl seed copsiugionihidhcammmses he s
t he h r
| oy e SRRt hRARLARAuY fmerMEETRAC HDAREt HP
| aylesat reasttaladﬂmrigyea atechigch sebmdrthmmbieitthg gobhrymbuyeﬂ ayer

onto a ur.,f eat re

P e RO MR A B DGR bl RO ALYy e

Pan':dihQucﬂlvé laysﬁhafingetﬂrﬂe&btrifw&eﬁiuang MattEhldhyeR forféladleﬁ a
or nne on a urface thereo | arLn a secon

13| eRrfasscthpel RIoNising 4 speen &%V‘CH&HOH@UG%V% Byeigving a

el e&%&ﬂdfe?éctrfcﬁﬁﬂeﬁﬁtﬁt%@ndf@faﬁfa%ré'foxjnﬁ}d h alsQATR theRidra

surface thereof; attachin first electrica

r esitekipg the gt elepfallcallree}eéancmﬁ@rlﬁlﬁéyef pite thetfielr roset ti ng

fggt?{l%ﬁérﬂ%{geﬁolyﬁé}qaﬁ LG Helink BR S&HE AL AGEGdGRL
material layer onto the second thermosetting polymer layer.

20
21. A method of forming a capacitor, comprising the steps of; attaching a first
thermosetting polymer layer onto a surface of a first electrically conductive
layer; attaching a second thermosetting polymer layer onto a first surface of a
heat resistant film layer; providing a second electrically conductive layer

25  having an electrical resistance material layer formed on a surface thereof;
attaching the electrical resistance material layer onto the second thermosetting
polymer; and attaching the first therrhosetting polymer onto a second surface

of the heat resistant film layer.

23



material |ayer onto the second thernosetting polyner

| ayer. 21. A nethod of form ng a capacitor, conprising
woOhercabews of : attaching a first thernosetti ngrPoOIUSR®6/005424

| ayer onto a surface of a first electrically

conductive layer; attaching a second thernosetting

pol ynmer |ayer onto a first surface of a heat resistant

filmlayer; providing a second electrically conductive

| ay @3- Ainyltivyered censpstigngspducedkiceprding & ﬁﬁ‘!‘b{'i al |ayer

formed on a surface thereof; attaching the electrica

resi stance material |ayer onto the second

t he 28nos ewittilaygred sbyatwetiongmetiuged aseerding te plaint 1% st

t hernosetting polynmer onto a second surface of the

heat resistant filmlayer.22. A nmultilayered

6 ongt rAlalultidiyepd @distctianquoeduded@cording lt@claind 20.23. A

mul til ayered construction produced according to claim

19. 24. A multilayered construction produced according

t 0 okahBagRitordRedded aRaQIHA6 tHphshegad cRGE21.di ng to the

process of claim2l. 26. el ectroni c device

conprising a multilayered construction produced

acc 95.dhﬂglekﬁoﬁiggev@{e%gﬁlﬁﬁsi% a ﬁlluﬁfle{?el%d construction produced

10  according to the process of claim 1.
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