WO 2006/091463 PCTfUS2006/005424 METHOD OF MAKING
MULTILAYERED CONSTRUCTION FOR USE IN RESISTORS AND
CAPACITORS 5 BACKGROUND OF THE INVENTION Field of the
WRGAHBA the present invention relates to the formation of cpa%ﬁ%{}%ﬁf 005424
resistors, printed 10 circuit boards, microelectronic devices, and the like.
In particular, it relates to a process for manufacturing a multilayered
construction for use in preparing thin film resistor-conductor materials and
the like. Description of the Related Art 15 As the circuitry design of central
processing units (CPU) seeks to achieve increased operational speed,

the perform&ig%&i%ﬁi@gﬂ%ﬁ 8&%@?&%’8““ The
circuitry design of printed circuit boards, which mount these integrated
circuits, is also verfPRmaHANRESSTOREABGHINEEISEs 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 EEEER NI HRRUEREG  apacitance into a
circuit, and functions primarily to store electrical energy, block the flow of

direcgz%gro%%egrvggﬁgﬁit the flow of alternating current. They 25 comprise a

dielectric material sandwiched between two electrically conductive metal
layerdhe prcasIEGHHER RIASS fA Yo Renstionalgriers materaPridtdupled
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printddreiresiitdpeandschaveaaterials and the like.

Description of the Related Art

15 Asthe circuitry design of central processing units {CPU) seeks to achieve
increased operational speed, the performance of integrated circuits becomes
ever more important. The circuiiry 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 microetectronic devices. Capacitors are used to sieady the operational
power supply of such devices. A capacitor is a device used for introducing
capacitance into & 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
1o the electrically conductive metal layers via an adhesive layer, by lamination,

ar by vapor deposition.



been common. However, more recently, capacitors are formed of a thin,
double-sided copper clad laminate within multilayered circuit board layers
thus producing excellent characteristics. Of these options, it has been 5
“6? et 4% form printed circuit boards having embedded cé’ﬂéﬁa?gﬂf’éﬂ{mu
maximize the surface area of the circuit board for other purposes. In order
to achieve increased signal transmission speed, printed circuit board
manufacturers generally form printed circuit boards within such a
multifageto iy etnRe orhas the sustase &4 peeitdrdep Rere 45 avarily on
the shapeandok) Bigre0bihsorapasitnl layaisoanddhemieletitaconstant of
the inulating material, Hete afe various khown ypes of dielectic
matefiale known mine art. For examﬁ’lef{lne Helectrc materia may be a
gas, tueiaduaingaxcsbaniehasadieriniksa Sbiktssroatiombihationanthereof.
Bac hp%é‘i‘?é@ﬁ%%ﬁdﬁ%i%!&‘ RRICHAGSHARE UgSedRd hpRatermance of
conventional capacitors for use in printed circuit boards has been limited

by faBtBHIEFChSRGR TSR GRT RIS LY SHHEY TS i bR rial,
whiclagk&tva&t&émeﬂ thedl extizilitysohthe«chpacitdrgitbat m&a_dm able
capagitanee, g eliechpf RQnd enhances %Qrég%ﬂ‘h?t%héﬁ'% (9 gé)r
dielectric constant, and poor dielectric strength. Itis desira & to form a
capaéitertier chivierssiraes whoierpasiioferiade crreadbrnstdic s and
@Q(t(;iIE‘Eh%_'g_flt_ﬂi-@o%@ﬁ@f‘s&fi@@@&ﬁ@?ﬁ@ﬁ%&@%%ﬁ&iﬁ@?@@fé'ilg;tﬂ&ﬁ?g?agadtance
and flexibility of the capacitor. To optimize, the performance of a,
capal T FTSGFA SHCH R AT P R B e e ooc
mateeila_J oo peaties:, é)dﬂmﬁngisqm@ﬁwahi&be@a%&l peticrs adhesiomhigh
dielefrig swenein.and aaad exiRily: HOWEYALGPIMRR REGRIaNE:
frequently associated with extremely thin dielectric layers are the
formdfBPFBeinicroscopic voids or other structural defects and inclusion of
fareign material.

The performance of conventional capacitors for use in printed circuit boards
has 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

20 dielectric constant, and poor dielectric strength.

It is desirable to form a capacitor for circnit 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
frequéntly associated with extremely thin dielectric layers are the formation of

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



2 WO 2006/091463 PCT/US20061005424 These lead to electrical shorts.

For example, U.S. Pat. Nos. 5,155,,655 and 5,161,086 describe a method

for forming a capacitor wherein a single sheet of a dielectric material is
Wgﬁfwgf%qag@gether with two conductive foils. Dielectric layerBe/ iz ¢fiyas424

are highly vulnerable to the formation of voids, as 5 well as the inclusion

of foreign material, and are time consuming to detect and remedy. U.S.

Patent No. 6,693,793 relates to a structure having a pair of conductive

foils, BipHiteat tRineseRad shertay Ers evamplont. Bidleiciins | 8y16F.6A5ambirface of
10 eaghsobsaiieiiscthadin sandustive fails-am asbeiedsingethetsich

that thg.qiele,ctric Ialy?rs are attached to one another vja an Intermediate
a dielectr
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and greater flexibility of the 15 capacifor. The Interme eat resistant
film 1558f%eters the formation of electrical shorts between the electrically
conductive foils. Conventional methods for manufacturing circuit elements

inclu attachi ponents of the structyure in sequentjal porder of
the g e O s T e PR AET g S
attacHiHg vpeie prdikin Giplsesisflay e threncRisl et pte; somverfactefials

sannesdae affashiad o frmeruanio AR LN ARLIRISIth deglied Rrggision
and tgﬂislgormla%lln addition, some materials fail to provide enough strength

to suplSSHHEE M SEEHATES R ATSON e b AmBEPTRe R bt Hitinkd
therefmFarthefimocepRBomafufadiuiigedaizassenidiestMith somever
materiale and pIAREoRRe,HER AR, fIBEIeP IR De:MALE L AGERARY t°
attac ce_rtaln ayers In a sequential order.

for higher capacitarice, greater heat conductivity and greater fiexibility of the
15 capacitor. The intermediate heat resistant film layer deters the formation of

electrical shorts between the electrically conductive foils.

Conventional methods for manufacturing circuit elements include the
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 nust 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 iayers in a sequential

order.



3 WO 2006/091463 PCT/US2006/005424 It would be desirable to provide
a method of forming a multilayered construction which has both capacitive
and resistive elements, and which method also overcomes the problems

VA3 2NGAEEEPvith conventional processing steps. The presenb{rivERtE 005424
provides a method for forming such a 5 multilayered structure for resistor
and capacitor formation. The structure formed by this method provides

high capacitance, greater heat conductivity, and greater flexibility, while
also Hieepoatiseiable shsporvide maathopiid Hrpir/eHibaedalso results in

bettet precision AhdhuRdoumibsekaneh SiMc erABst sHeORRINent
layers during assembly. This method further, 1Q F;aximizes

. ost .
o ffocRAELL PTG R e BRSSO Rh v Ratring
SUMMAR YTRprEddiE iNuHENT M dEhe iriigrtion fonoiid @sch method of
f %rmiHQ;&Méﬁ@{&&ﬁ%ﬁf&?%m%%m%%&t&%&mgﬂsem&m;w a first

thermosetting polymer layer onto a surface of a first electrically

cond e faybis meHieHipy s MR IPRSSS e iR D BT ERESE Donto a
first suifasesRf adheatKeSIstRMI M:-ARVIHIRG ecserporriactivally
conductive layer having an glectrical resistance material layer formed on a
b= S et 10 E
20 sestowtitharhiosettipego lpynschaing aeichingliienfibpthémhesetting
ROY MELRRIE; BosEGRRE HIEIR MR RRALIGSIS 1AM Himilayged The
invention also provides a method of forming a multilayered construction
whicH¥STH5HS®S the steps of: attaching a first thermosetting polymer layer
25 onto a first surface @EaVIdARESISTAHEANYENEICNNG a second
thermosetting polymer layer onto a second surface of the heat resistant
film; attaching a first electrically conductive layer onto the first
thermbeitisation @m@@%@m@%cﬁ forming a multilayered construction which

15 comprises 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; 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 thermosetiing 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



second electrically conductive layer having an electrical resistance

material 4 WO 2006/091463 PCT/US2006/005424 layer formed on a

surface thereof; and attaching the electrical resistance material layer onto
MR 88 I8H thermosetting polymer. The invention further protAdées3006/005424

method of forming a multilayered 5 construction which comprises the

steps of. attaching a first thermosetting polymer layer onto a first surface

of a heat resistant film; attaching a second thermosetting polymer layer

onto EEFHELoRraswBrtkereherdSishnsRts olsroiial A At
electicaiaCRpelusty entbyebiptiRg @diist plactigal resistance material
layer formed on a surface thereof; providing a second electrically 10
conductive layer having a second electrical resistance material layer
formédonventorfaethenpreddenttmeting aherfirsigal sutlitateredistance

materialdavsiRWRdRe firslthermessitinghalyparday el -Akdaiaching the

second electrical resistance material layer onto the second thermosetting
polyrReF BT ¥HAS MvEHtBReairAHEHSAT fEs dHRHR S ¥ ming a
capaditomostinp psipgdhiastepsoal sattachirca §if stethermopetiing polymer
layer o cs.of.af lectrically conductive layer: attaching a
i R A B R A L e A
film; Préviditiya Seeshaetcttfrcaiyecohiduetivinmseschrd iy Enatiectrical
n?sist@ﬁalaoa%na%eﬂa};@/@_gml edana ?édfd‘@u‘ﬁ@et%%{ﬁ%ﬁ; iBftachinedthe
electrical resistance materi er onto, the second thermosettin
W o S S s e e
surfagesohtedettingasibtant tﬁbrw;lmybattﬂfﬁiﬂﬁ@ﬁﬁﬁl&lﬁmﬁﬁ}iw‘@ﬁtm
DRA\A{&N%_}%@@&O &g%&m%ggeﬁrﬁ%ﬁﬁ?m@q%g a first embodiment
ulti

of the inventive process, wherein the ayered construction includes
one electrical

15 The invention still further provides 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;
providing a second electrically conductive layer having an electrical resistance

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

thermosetting pelymer onto a second surface of the heat resistant film laver.

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.



resistance material layer. 5 WO 2006/091463 PCT/US2006/005424 FIG.

2 is a schematic representation of an additional embodiment of the

inventive process, wherein the multilayered construction includes one
%?e?é'ﬂ?é(gllgg%istance material layer. 5 FIG. 3 is a schematic r‘éf)?&séﬂ?g% 24

of an additional embodiment of the inventive process of FIG. 2, which

further includes the attaching of an additional electrical resistance

material layer between the first thermosetting polymer layer and the first

electricalyicosdactivie tenyerent@iont 2 padtiiprERISMRIN R THE

PRELERRED EMBQRIMENT mhhg.drueniinaieiaiasiquassainod for

forming multilayered constructions suitable for forming resistors,
capaaRersa b TR REA I B ¥ mbodiment of 15 the inventive process is
shown in FIG. 1. According to this process, a multilayered construction is

formegtoy Alaching & [LSL SIS0 RRMDRIEN LA 0@a Surface

of a first i€t fical y conductive layer 2. Next, a second thermosetting

polyrineeitiye pRiesaetiiied. orivsitthednriades Sratiineidhnt film

layer §ifsarand:Riacticaliy candustivelayenca isthantprovidedngvhich
20 has an electrical resi tanfe maf eriaiké%??‘;ejlg formed on a surface
thereRAYPRE 78 AR P S Y ST IAYePTh is then attached onto
the second thermosetting polymer 8; and the first thermosetting polymer
40is attached onto a second surface of the heat resistant film layer 6. 25
AR BRRRET CHERREEERRED EMBODIENL 5
first thermosetting polymer 4 layer is attached onto a first surface of a
heat resistant film Jayer 6, an econd ther sett'g lymer,layer 8 is
attacHe8 BHIBIN SEEGR 5.}?%%%%5 the 135%@% aeﬁli f%cr%%ayer 6. Next a

first ejewttically forming resistors, capacitors, and the like. A first embodiment of

15  the inventive process is shown in FIG. 1. According to this process, a
multilayered construction is formed by attaching a first thermosetting polymer
{ayer 4 onto a surface of a first electrically conductive layer 2. Next, a second
thermosetting polymer layer § is attached onto a first surface of a heat resistant
film layer 6. A second electrically 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.

25 In an alternate embodiment of the inventive process, shown by FIG. 2, 2 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



conductive layer 2 is attached onto the first thermosetting polymer 4. A 30

second electrically conductive layer 12 is then provided, which has an 6

WO 2006/091463 PCT/US2006/005424 electrical resistance material
YREPYB18kned on a surface thereof. The electrical resistanBE HISRIAEPOS24

layer 10 is then attached onto the second thermosetting polymer 8.5 In a
further embodiment, show by FIG. 3, a first thermosetting polymer layer 4
is attached onto a first surface of a heat resistant film layer 6, and a

secatiRdrrRiSEtEh R PepharIdldrmrd stadveace erekedtnd surface

of thedogak! resishant filiG Next B fik Hialecitealneome uetivd layer 2 is

provéﬁigd,o\é\ggtlch BF\S arférst electrical resistance material layer 10 formed
on a'Sufface thereot 10 A second electrically conductive layer 12 is also

provided, having a second electrical resistance material layer 14 formed

QN aRyYrfaacRRIRAimERe dit! wieryisal pyalancSMALS LAy eLL04s
then attached onto the first thermosettln%r?ol mer Ia%er 4, and the

secdRaBREEHRUP LS s TARAT TrsiyEn L UNCIAYREC KB BsE5 e
secahehtheeming ptingephanetslayendl dbdokpuiposasoifttistiearention,

atta%@é%?an’?%fﬁﬁ‘%.aﬁé’é@aeﬁ?é?gzé’cftﬁ&’ﬁe%Qx'ﬁﬁc%eeiaﬁﬁ%%riéort@v"%‘d'é‘ XEARyer,
non-exclusively including coating, laminating, sputtering, vapor

depdiitih §re pleaiirb o sian g laere\falbornsdivg. .20 Bse tepesef in

which seesirygesnotdnecondibaeres: aonshisciRRtadenatac hastindan
important feature of the gr,efgnt in%%ntion The firét and sec

: 2cond
therriS SR g PERITP I FL8na REH SHhes PAHTRen Md Rbat
resistantrifd hmeaintittrerctihca|hyer$00f thenrmtithay entdticofistruction. It is a

key fﬁ@ﬁ%ge@éngﬂﬁgay&@ anthatithe adhesivepolyrstiaver.gr.layers are
attached dlrecF'%ﬁz onto the heat resistant film layer, specifically on the

side (lg)reéflfin'{g bod spdpyihe second thermosetting polymer layer 8.
13

For purposes of this invention, attaching means any method of appending one
layer to the next layer, non-exclusively including coating, laminating,

sputtering, vapor depositing, electrodeposition, plating, or evaporating.

20 The order in which the Jayers 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 muliilayered construction. Itis a key feature of
this invention that the adhesive poiymer layer or layers are aitached 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. Atiaching the adhesive onto the heat
resistant film rather than the electrically conductive layer streamiines the

manufacturing process, particularly in the formation of the electrical resistance



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

Wﬂéﬁ?ﬁ@gfﬁ?l”ng process, particularly in the formation of the elfecliicagros/ons424
resistance 7 WO 2006/091463 PCT/US2006/005424 material layer onto
the electrically conductive layer. This also results in better precision and
uniformity of the multilayered construction. The first electrically conductive

layermaterial inesanp i sleticallny evnaintiveers ThRsler i rarshly

presgrtRithadoimmeiaiconductiveilawsdicfettanitie like. In a most
preferred embodiment, they are each present in the form of a foil. Each

electrically conductive layer may comprise either the same metal or may
compiscidifidecnicatip taisivbhecdared B ctivéharenary ahistopaiteororeHee

PUTPQRRS ijg@@a@mgmé@ﬁti%%meﬂ deRgadingen shegesired 10
application. Preferably, the electrically conductive layers 2E ]%2 cor?grlse a
atchst sBI8e8 HSRTHBROSEB S AE SFUGBBER e RS
chromsi. pigkelictimcalirindi; i dinesssteaipiieriel thesitver ptitahium,

platinum and combinations and.alloys thereof. 3 ferably.he
electr%{’aiﬁrggﬁs u% Ve %@g%ﬁesfs'c%]r%}%%slgt%cogﬁer?lt\‘élrlgebgi%%tripalIy conductive
layersipreferabipetasesn hsaiekmayy o lepacdBELnchs fssiBdut 200

RYCTONRHRAARS. PErierably fioanabeity IRyl £riCcIoRsmPhe: a

conductive materials used in the capacitors of this jnvention may be

Qa

manUfPAETURCRF At YRRy STRPSIRER AR a Suface “ ExXamples of
such spkeudiiveumateniaisiasiselosed ol SlvRatitoms, gAOMR80Mhich

S INCQURREAIRGUEIE ) BY RIRIEH s 2 Hha:Rlow el amndrbuGiayers

2, 12 may be provided with a bond enhancing treatment on one or both
sides | comBEER wTBRsS: oF itk &ieaYisA ieggduciive layers preferably have &

15 thickness of from about 0.5 to about 200 microns, more preferably from about
9 1o about 70 microns. The conductive materials used in the capacitors of this
invention may be manufactured with & 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,

20
The electrically conductive Iayers 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, zine,
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



optionally be roughened, such as by micro-etching, by being
electrolytically treated to form a roughened copper deposit, and/or by

“Q?ga ,}?’Lﬁ%golytlcally 25 trgated with a dep05|t|or1 of micro-ng, l%ll% %16 ﬁ?ﬂos.m
metal or metal alloy on or in the surface. Such include a treatment wi

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

coppls rbarenfBer Sk neduiprirrs Ae aPalirS e IR S NG IBHEIR 91463

PCTéie2006/005424. the Retyey, filticiSurkapstuiesheay be applied
according to a technigue Qeﬁ&ﬂz%%% 0 Yo ok t%‘f%g?d%%c%?’c%ﬂ\}"h":h Is
Incorpora ed eré)lrn Sy reference. Th a pre erre_ empo |ment,_ at qust one
of theofifutiate tayiraityl toosetand ittt npridhetise dofvsetaeayidegyvit

Gondugiivelavesi A aRimdde withrraheaes anbasicing treatment on one
or both sides thereof. The surface microstructure of the electrically

conductive layers may be measured by a profilometer, such as a
PertmheetéicennidelshdRieroS P cladtichliysoaivictier tigthy aagitable from
Ma%’é%'&%@é%efac%gﬁ DE%‘%Q{} QLGB A OB RO IFARBY which
mea_surementg of t e surface grain structure of peaks and valleys are
madis seemardyeTRteRefamMabrdapeuritesetiep s onegtiof the

1'5'Sti?E@of@%%&@f&gﬂ?lﬁﬁiﬂ&@aﬁs%@ﬂk}%m&éfﬁuiﬁ&@ﬁx&&bﬁp‘ﬁﬁﬁdﬁﬂs
Road, .Northbroqk, Ill. 60062. The surface tr : arri t to
Tt R S e e
rougtirdssiife far hrvetenrseuinerain Phckagith tiztivitavéfd g Fondgtiens(Ra)
ranges HeMALAN s dde lorab ok McaRsaad thestanRaingHekebt of

irregularities according to 1SO 64287-1 (Rz) surface roughness may

rang&UFBTH SHHSUTONSY i RerEhU LIRS THSTR BRERSEIBRARH about 0.5
15 (Q2bakbs Wheandihaostiprefrrallysfrongahou O fraipetdialmobb® m.

0.2 to about | microns and the ten point height of irregularities according to
IS0 64287-1 (Rx) surface roughness may range from about 0.5 pm to about 7
um, more preferably from about 0.5 pm to about 5 pm, and most preferably
from about 0.5 um to about 3 um.

20
The first and second thermosetting polymer iayers serve as an adhesive
between the heat resistant film and the other layers of the multilayered
construction. AThe first thermosetting polymer layef 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 sther (or aliyl-
polyphenylené ether) or combinations thereof. The thermosetting polymer

lavers 4, § are typically in dry, solid form, and may comprise about 100% of



20 The first and second thermosetting polymer layers serve as an
adhesive between the heat resistant film and the other layers of the

Wrguzlgialg g:r%g construction. The first thermosetting polymer l%%ég%ﬂ%&@%%
secon %ﬁermosetting 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
etherTopilyIehsHRpRRRIRHe S tHEY POPRSRIFSHEh S thET epripRwnds.

thermoseiting:na ime Lddyiees. 4i8aarechynibr! by drichy, isolideformatnd may
comprise abgut 100% oft9 WOhZO 6/3%%&61-1%‘3%%'_ %gtog{(%omm any of
the aBB{iE? gr‘ﬂ%ﬂ'ﬁﬂ@%?%%‘ﬁ compnse mixtures of these compounds, or
may TezH otiet, HidiAves ] Dehenactelpttislmpstperiamsdrbpliseiafd Matic

thermosetting ¢o- : . ' i B abolNOS.
§435§§H§d%%%%%7%8%% %‘5’%@‘?&2@% s%,ﬁt%ggnsl%ﬁ%ﬁ}gefed dielectric

is an25@p o feaiindrang eyttt atsitio Ab@¥ErAture (Tg) from about 100C
to about 250C, preferably from about 150C to about 200C. The

thermosetting polymer layers 4, 8 may also optionally comprise.a filler
materﬁ%q.ﬂﬁf@’l%gﬁré’agiﬂ@?énﬁﬁﬁyg%%%ﬁ‘é}l’)fﬁﬁ%ﬁ%gnﬁ%l Ceilgg‘gslpef?ngf?éﬁléctric
10 matesinls, hafiud filknaterBaTi©8)y horoderitridered timimiasirdxide,

strontium. titapate, barium shepivnitanate.andpier seramicdiligrs and

combinations$ thereof. If incorporated, a filler is preferably present in the

thernitseterky BBy SanFeand MBHSESMTO ISR B SUBREARGhL

80% Hyrvelumecefjhieclayenienarg deeiarabbidion mboetataabout
50% by volume of, the layer. 15 Preferably,at least ane, of the first
R e el G b M
secohg¢heromopetirgip dymerdey/dSteobaprik®s by volume of the layer.

15  Preferably at least one of the first thermosetting polymer layer 4, the heat
resistant film layer 6, and the second thermosetting polymer layer 8 comprises
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

20  conirast.

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 soiution 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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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
whay, (ion&%ign a dye or pigment to impart color, alter dielectric O'Fadt or

AHECP S0 Ehtrast. In one preferred embodiment, the thermose fﬁ%‘ 06/005424

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 typjcal!ﬁ have a

viscauityvketiyibks Paentipstvborrelidpeut e s sonentrsraidmt, &
preferredhviscasityiiaHiadangs akil o dsiQRreratingiracheg: polymer
squtith illé%&ude from about 10 to about 80% and preferably 15 to 60
wt %4 % fif#Be remaining portion of the solution comprising one or
more solvents. Useful solvents include acetone, 10 WO 2006/091463

%’CW%QH%Q%%%%MMM%@ apirRgbhovualidane. N, N

dimethylformamide, N, imethylacetamide and mixtures thereof. A
mosEptEeiradamyfe SovdrttesFRthiine R he Rt E Meddtting
polymendayaranbaiiheakse appliag dotkhdistentisalyd denmustivegayers 2,

12 or heat resistant film layer 6 in the farm, of soli eets.. InsHeh.an
emb88 nv%gg%f?lfﬁgaigtgggﬁfﬁg of %?gsf??s% %n%fdsrg?:los%éji t%rélrrﬁgz%etting E}Symer

layefeningiipodimnitataosepbererdoeieddBiL AP Ry U ERdBY

Jamingtion skamination e e ropdusied iumRIBss Bhatemupenature of
from 10 about 150C to about 310C, more preferably from about 160C. to

aboR0F0 E amipAieae eap1sseshin &rn 8PS miBERISY tHirdle to
about 48 splardesiyreierably foanhakeow A wnstutesite abag8ly,
minutes. Preferably, the press js under a yacuum of at least 70 em (28
inchdls BFTHATLOSY KM ErED 4 S e S PR W Sbout 3.5
kgf/cm@niBiiqusi) teabomt @Bbout from about 3.5 kgfiem® (50 psi) to about 28
15 keflom® (400 psi), preferably from about 4.9 kgficm® (70 psi) to about 14

keflem? (200 psi). '

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 pm or less. The combined
thickness of the first thermosetting polymer layer 4, the heat resistant film

layer 6, and the second thermosetting pelymer layer § is about 25 pun or less.
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15 kgf/cm2 (400 psi), preferably from about 4.9 kgf/cm2 (70 psi) to about
14 kgf/cm2 (200 psi). Preferably, the thermosetting polymer layers 4, 8

hav{g3 a} ghickness of from about 2 to about 200 microns, mog}eC /refze({(%t?[!}{%u
W YRS to about 100 20 microns. Preferably the thermoseﬁi%g )

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

polyvi/hexiiesivians fdrlsisph sanVieAd solisaleaniarehtam polvatiide, a
po:ym%g@,a@ ﬁw@éﬁam&d%y Pty M eha m{ygﬁﬁﬁﬁl{}ﬂlﬂﬁaﬁr 6 preierably
polyether-ether-ketqne, or comhinations thereof. It has.a preferre

OO GPABOLPI0 % Bl BPRabt KA St LR LR s
therriase i finlpiemiaye pd cingdieabiesistafitfilnmdesy endsa highicthe

secopd ihe %ﬂge"cﬁé){%%rléﬂbfﬁ&tﬁr%%eﬂ&@}éh?ré@tﬁé fgss- 11 WO
2006/091463 PCT/US2006/005424 e heat resistant film Ia¥er 6 has a

VICATeptEipgRebmersB At s sPdhamastivgerrimes 'Brido 306.
The patkesisiaptiinniayeid praferabhhchassafouagmenbgedustnd about

300 kaflmm2 or more, a tensile stren Ii]of about 20 kaf/mm2 qQr.more, an
clond St G SPRUATE By s Rares et her e R T

than zbaigmisatiog tdimpesageisientfibfieetdansiosbliheas scliphadritayer 4

ANd e.Re5Rd ARt eseting PRl sIsLIRYRIR plhediplactia sanstant of
each of the first thermosetting polymer layer 4, ihe heat resistant film

layer8? XA ARIRRT ReF iREPR S5t eP oy ileiPiyer 8 is about 2.5 or

more. The heat resistant film layer 6 preferably has a dielectric 10

brea%gowgq y@#&%&g@% g@&@% i;bm]?;%aqalawg@ggn%ﬁm?lxe%ﬁ ast

about 250 vo ts, a st preferably at least about 500 volts. Prior to’

attaciemigardimersrd Tapmatre nigTEray eleaE srEmEBgSisARechakich

15 may comprise a plasma treatinent, a corona treatment, a chemical treatment ot

combinations thereof.

The elecirical resistance material layer 10 preferably comprises a material

selected from the group consisting of nickel, chrome, nickel-chrome, platinum,
20  palladium, nickel-phosphorus, titanium, iridivm, 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 liguid electrolyte solution, and applying

an elecirical potential between a conducting area on the substrate and a counter

12



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

“c(:he(mogce(tjl treatment or combinations thereof. The electrical resistance
A I02r 10 preferably comprises a material selected oA UYBL24
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

resistfifEedEBN ddEde Achipipisabr R aNshBashEITEHB BFectrical

resistanagisnatel ialdayeniQris Risierabalectroplated, using a 25
conventional electroplating process, onto the second electrically

conductive layer. Electroplating is a technique well known in the art which
is tygitailprboing betisdiuy flatindeasiftmtrdtesistiadifjuid piectiplyperate

solutipn «and.apRbwag RmelEaUIsa hetential hetwesn g gondycting area
on the substrate and a counter 12 WO 2006/091463 PCTIUS2006/005424

electiBRETMUWTENigiFEs ATAABT 638 Prbdb et aness hhe apaimingshi the

formagianriofadaveipl matedphan e shHBsiaie JEisetropiating:baths: used
for the deposition of resistive films typically operate 5 at a temperature
SignitEaty Bt PR ET RSO P A A RSt in

excebsatdfiQited 38} dontact bstiiathepreyaudsiys isethtorisleosit
fgsis i\é I ¥ films Qperate at a temperatur of 150 .F (65C) to about 212
F(1 (B(%%T%éc% ickness of the electro- gﬁg%sfteéncfj %rl%tgéical resistance
layer deposited on the conductive layer in known processes is a function

of 104 fingrefigienmambiside. Hhintb-a CHOR O REIRRIAINIRADS
exam rle f a spitable elgctroﬁgjatl%g ath comprises an aqueous solution
of PRGBS PR GA VAP PR BRSBTS from
nickelybnybogiiis gNiteL MR RRR Ry dickephiyp Grhosphiemisden sty
PrePAULE YW Bekel carbonate (NiCOs) with hypophosphorous acid (HsPOs).

That is, nickel hypophosphite suitable for electro-deposition of a nickel-

phosphorous electrical resistance layer on a conductive layer is prepared by

forming an agueous solution of about one-half mole of nickel carbonate and

one mole of hypophosphorous acid with a limited amount of water thus
20 producing a crystaiine 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 N1C03 ‘"‘5“2H3P02 2Ni(H3P02)2 +C02+H20
Alternatively, an electroplating bath comprising hypophosphite ions formed
from nickel hypophosphite can be produced by the reaction of nickel chloride

(NiCly) and sodium hypophosphite (NaH,PO,). The reaction equation is

13



15 reaction of nickel carbonate (NiCO3) with hypophosphorous acid
(H3P02). That is, nickel hypophosphite suitable for electro-deposition of a
nickel-é)hosphorous electrical resistance layer on a conductive layer is

Wezﬁ%ﬁj %l‘b(? forming an aqueous solution of about one-half TidI& G HAEr>

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 liepotibszadtadiion is believed, without intending to limit the present
invention, to proceed according to the following equation: 25 NiCO3
+2H3P0O2 =Ni(H2P02)2 +C02+H2%[|%(§ernatively, an electroplating bath
compHStagNBERReS; (te fSPrdrothitSd. from nickel hypophosphite can be
produced by the reaction of nickel chloride (NiCl2) and sodium
pophosphite (N i ion4is; $/091463
%T%ggé]%?ﬁé%%%%%ﬁggﬁg’ %g e: gm%ce:&i%%igﬁgﬁ%gfgmgm
P02)frorp Niel] SuRefERITaTbsa R ioRRp R REETYER RS BRPERFP It
electig-platinerhatadermes tisasdiskplcattonaecdndshypagbasphorous
acid with, nickel-hypophosphite as a reaction product. since reaction
prod e ‘o‘@{%’tg ?r?:asﬂ%ﬁ% Frooifg%ig%da 1v%a9 eﬂrx}e\?v%g}%gg}%ln
electrdiiptaiingdrattiviormeebhemitickerodie iittkehArbepieisnhite often

TXPOBFB‘&%Q&EE%S%?%@Q&‘!%? Jiskel hyperhasehiieefierklrpdysesa

by-product of sadium chloride which must be removed to preveTntt undue
concARHRRFBETRIAR BUE RASH R BRFRTTHLCI LREEs AR &8 Fo-
platingihathvedroptisitgh b ypaphosphiteciensrioshigehfndrhaickel
hypophosphite has been found. tq be operahle at rafres fLesg-bout
200 B i B DAL e R Ut (e et
tempesdiiire. (B0 be desirable to operate the baths at room temperature (20°C

15 to25°C). Such baths are effectively temperature insensitive.

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 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 sourcs, HsPOs and H3PO,, wherein the bath is

25 substantially sulfate and chloride free.
1t 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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15 to 25C). Such baths are effectively temperature insensitive. In one
preferred embodiment, the formed electrical resistance material layer
contains up to about 50 percent by weight of phosphorus. In another
HIHEHEY “Ehbodiment, the electrical resistance material lay&F TERSIHEITH4
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
inclutleslasirisldonophatindpyef drreegsasoihd relérsaricaliyseigiearretineRiper in a
bath comprising an aqueous solution of a nickel ion source, H3P03 and
H3PO4, wherein the bath is 25 substantially sulfate and chloride free. It is

knowHiFiirEispl TS RasR R biethE 8 INERah S8 & SHEEA NS EF IS circuit
board-tmadesialils depertdent ontath tlietbicknessuef ihewaledtriddy,

resistance_ layer and the resistivity of th terial emnpl rein. As
e s e S S S e S cical
resistipfedilyepeies s abotheSrelryateec6p abpatiadelimsrensess. e

electdeatasistanar naierial layeptRmrefarabhh RS esisignemranging
from about 0.5 ohms/square to about 10,000 ohms/square, more

prefet a5 PR GAGIEHY aBb00E BiftRERyfHra t5oubBP S5 about |

ohmsisquar encansksRpsilp rRieraily: rngingdouehou?5 ohms/square to
out 250 ohms/square. The electrical resistance material layer
preferably has a thickness ranging from about 0.02 pm to about 0.2 m
morelprefeldbiindtomisbeltabodmsits dbwsit thainpabduios risrakelasty from
about QAR e PR db i A H @R AddONG! prefered embodiment, at

least the top about ten atomic layers of the electrical resistance material
layerBrE HEe P et ARS SEHET OpHt & BB AHE B of

the elebtrinakigsisthace material layer is

15
The optional additional electrical resistance material layer 14 may be the same
or different from the electrical resistance material layer 10, Preferably these

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 0.1um, is different in composition from said electrical
resistance material layer, and is capable of protecting 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 um, more
preferably ranging from about 50 angsroms to about 0.1pm, and maost
preferabiy from about 150 angstroms to about 600 angstroms. In a preferred

embodiment, the barrier layer is electrodeposited using conventional

15



substantially pit free. 15 The optional additional electrical resistance
material layer 14 may be the same or different from the electrical
resistance material layer 10. Preferably these two layers 10, 14 are

VQBEEPHARY the same. 20 In an additional embodiment of RS HURER0s424

(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 0.1m, is
differtecitriqueniPodiduieftarer S@ﬂd’%@écﬂ%ﬁmﬁﬁf’&‘ﬁb’éhﬁhﬂéﬁﬁ@@yer and

s CaQ@f?Aﬁt%IQS%%UEgs%@Qlﬁq‘ﬁﬁ&kﬁ%é@ﬁi@%ﬁﬂ@ﬁaﬁséﬂaﬁwb@y@r 10 from
attack by alkaline ammoniacal copper etchants. The er Iag/er

prefdRBIHES HheRAL dHHRLL AR A6 edJTfH{ s PR R/'
rangiag fnaen abaitraDpangiemstie abibyBdchstaed lmmnmb*ﬂ@rably

fiom ABOUL 50,0055 0 ANNLOPO ANPUAIS. AR REE RHiRe

embo men rrler a er| ectrodigosned usnllg conventional 15

WO ZM@%@@@'@@J@Q@@@B@W CRnbos. NHeoddar yer can

be anpingrganitiaiaialmhishhas apedetahatiaelbetividylaids also
important that the material used as the barrier layer have no substantial
detrifPREPEHE BN the uniformity of the resistivity and other functional
properties of the underlying electrical resistance layer. 5 The barrier layer

efe g%ﬁ? §c?§oﬁsmﬁ¥ﬁrﬂ§|f§lﬁl§&g%gom {he.oruBcomsiating-of
0- Sn d-Ni, Ni-Cr, Ni-Au, Ni-Pd, Ni-Zn, Sn-

N| smrﬁwabébﬁﬁﬁiﬁaﬁ%ﬁn@lfﬁ@f@bﬁf/&fﬁ%@f&%&%ﬁ?ﬁ@r |§1‘§fé‘r“&§8r$$p‘%?§es
Nl Snin16: Themultitayeies epastroetionsltonmdd detosdang to: tive.
inventive method are preferably used in the formation of a resistor or

capacitor. Such may be used
In a preferred embodiment of the invention, the preferred capacitance of a

15  capacitor formed according to the invention is at least about 100 pF/cm , Imore
preferably from about 100 pF/em? to about 4,000 pF/em®. Capacitors formed
according to the 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

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
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in the formation of printed circuit boards, electronic devices, and the like.
In a preferred embodiment of the invention, the preferred capacitance of a
15 Cﬁgacitor formed according to the invention is at least about 100

BRI 1bte preferably from about 100 pF/em2 to about AP 6B BrHER24

Capacitors formed according to the 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
connEBGHA U7 LEEH P PO STEIPRANS CSHE Lastbe 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
o e S S R e B e
embedssealitisiondigidverasitiel deyvim uiigitkfiexibkichlegtridaligirsuils, printed

CirCUkBINRETS 1yePHTRI VAR CAIRNIG P HSMIERS SHANAS £LliRr RACkages.
General %ythe are used t:écreatln%a first circuit Fattern on one or both

electfl O rendec YR ARYS STSing SBegsHYe BitgipHkR AR be
appliedetirithenpbéyasit, s faoeeithers i posdaractihz redntdicsive feil, by
elect iti ing..by-vapor e.depasition..or.some other
o R O R e R G

200675839618 Blardeygorosronispy e selerdrely shoetsctibuoynmedt

OPPOSiRGEHELHOIAYRES TRNGSAikARAS DA e lasmedciciilpatterns
may ?Iso be creat gmigmt}%a Iectrica%&%nductive material Jayer using

know SHehiRSHSAHARG DA Ao RS TApRIeErARg i Ay deasias
resisthel fipdll desdieli guid uritepriascdppieico thisccentudtivedaitilayer.

Using,aeqatiue Hﬁmmﬁ%evxmnéawee%@é?e@@{/%%ﬂﬁi_%th&'nee

photoresist is exposed to actinic radiatiori such as | radia“tlon'cre_ating a
desir8HERE i FatiaTPasien A JUnedputha R tHei canpal dei s AN
teveloging cheroistly dhalselesty gl kemmoyessthe unwanted

The method of present invention offers a significant improvement in precision
and uniformity of the multilayered 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 35um thick electrodeposited (BD) copper foil is provided, which foil has a

surface roughness of 3 microns and has been eiectroplated with a layer of
nickel-phosphorous. The thickness and composition of the nickei-
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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10 unexposed portions. The capacitor with circuit image is then contacted
with known chemical etchant baths to remove the exposed conductive
layer, leaving the final desired conductive patterned capacitor. Also, each
quyﬁ’{%ﬁ’g’gh“aﬁctive material layers may optionally be electricﬁvé%%ﬁgﬁé?g%24
by forming a hole through the entire capacitor and filling it with a
conductive metal. Lamination 15 steps are preferably conducted at a
minimum of 150C. The method of present invention offers a significant
impreMementCin prebisiphuariDumifpenfity olkrseafwieryeradsemmitdiCtions

auring ASRRINNlY s RRISEES U b ERKQBH: AR IQHTIARGR ePtiar ar

capacitors and printed circuit boards, 20 while maximizing cost

effectivishelsl MireoroNVAR R SHDIPRITIAR AP ISEL BRI illustrate the
inventignnaBerAMiRsEn h RatAudbmdhiokdelastodepasiéd (&D)eopper foil
is provided, which foi] has a_surface rou SS j and has.
been QR BFSHATEE ET S080EF St hickelp o%ﬁ%%ug@ﬂgﬁﬁckness and
compuesitiordyirtidechic kB hitetssiabTesied sy 0 yeltndy tberkdarmpssihle

e'ectféﬁmstegi55%&?14@/&&@&%5tﬁpcgfpgaﬁémmgamﬁgawrsﬁi eRAxYIEsIN is
applied to the foil with a thickness of 6, 17 WO 2006/091.46

. : 3
PCT/9%050870658 52 2AHRS I IEHy notReF 48y HEEs t(lzlgﬁ Bg?efrowlgl?g§/er
of epwkﬁfg' Fhisrédied (] iPjHisknessobii mmwm_ﬂwg?@@m@d foils
Eg)e Iafg]{‘&%% A 1s‘é[grera¥{éggh é&lﬁ&&%&iﬁdﬂﬁwﬁhgm,‘@Qp%%@ﬁmveen
e tworesin surfaces. Lamination occurs in a hydraulic press under 250
psi atdegdopifeit1 Fsmhaornistsrasine nathin bR Biso trdsfseyduum of

25 mip g, Afterlamieationihedaorraines aradusidsiHigh Ratentaich

Tested to 500 volts to check for possible .shorts, A pattern.is into
the C@ﬁﬁ@‘@ﬂﬁ%&@ﬁ%ﬂﬁj‘ﬁ b‘é’?@oé%é%bdé@cf {3110’501‘691% IS sﬁlppgé%'ﬁﬁ%”

circuits are inspected using amtomated optical inspection and or glectrical test

15  (including High Potential testing). The circuitized product goes through a
process 1o prepare the copper for relamination. This process is a black oxide or
an alternative, The circuitized product is laminated into a multilayer circuit

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.

23 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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techniques using an alkaline etchant. This chemistry etches the copper
without attacking the resistance (Ni-P) layer. A second imaging process is
“F:orzjdﬁléctged 10 to form the resistor pattern by vacuum Iamina%i&; a _
ShatEaLide exposing and developing it. The photoresist reffaISHHEs424
Ni-P layer that defines the resistor pattern. The background Ni-P is
removed using an acid etchant (such as sodium persulfate or sulfuric
peroxide).. The photoresist is stripped and the circuits are inspected
usindatitiiAated sptic AhMERBEIM aide YresrtiIBariEey 1B inedisg High
Potentigl testing). The circuitized product goes through a process to
prepare the copper for relamination. This process is a black oxide or an

alterrpgyemd BRGECHHZRMA PRAdUCh IS\aminated dRiP-ad AL tiRug LARCUIt
board and completed using industry standard techniques. 20 EXAMPLE 2

ExarfpEeiCRIPepeticd SREmGth 4 Y R 4PRicoriH By those of
ahmsisittaay elidirin @paxythesiaihickhessahd narbasianrdqag tyamide film
thickp f.4 microns. EXAMPLE 3 mple 1 is repeated except
that BB EE a2 i vood EIR R R SRR,
havirtbea!pésiskafdermagied theveorihedigltsng mrhodvecidbersalipnaves
prodygficl i tasisiancesaf ha daverg camhe-thersags or 18 WO
2006/091463 PCT/US2006/005424 dissimilar such as 25 ohms/square on
side one and 1000 ohms/square on side two. While the present invention
has been particularly shown and described with reference to preferred
embodiments, it will be readily appreciated by those of 5 ordinary skill in
the art that various changes and modifications may be made without
departing from the spirit and scope of the invention. It is intended that the
claims be interpreted to cover the disclosed embodiment, those
alternatives
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15

20

25

30

which have been discussed above and all equivalents thereto. 19 What is
claimed is: 1. A method of forming a multilayered construction which
comprises attaching a first thermosetting polymer layer onto a surface of
a first electrically conductive 5 layer; attaching a second thermosetting
polymer layer onto a first surface of a heat resistant film layer; providing a
second electrically conductive layer having an electrical resistance
matedal laygrfprmed 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
10'résReRIEMAIaY e AMrdfeeiprkcenstivitial rebichacowinaetiathinger is
sefesttivdrfnosatting grpmpr Goasisiing af-riekel aohtoaamiakalphieme,

IO|@év%'f'%m“%dé%dﬂ@@m%%ﬂg%%&%w%ﬂé‘ W@ S [Hheriym, ..

ica S%n f;? |nat|on§ thereof he method of claim 1 wherein the
attaehing of At el OAE S RE RS HRA SBLO A HER A SRtiPRY BB R er
layRaieRbispsiteastifgtad ayrtier nedprasisraneitarecf| ajtectindine
larsinatianelisEhecmethcd afelaim lhwherein therelestigaldgsistange

m%%%h@mrf#@%@r@&éﬁﬁ@ Sfrapging. from.abaut Opiohms(square to

abo u{sé ‘i? 0 ohms/square 4. The method of claim 1 wherein the first

eléciica y conﬁefjt:tlve layer and the second electrically conductive layer
indESENHBRRIChit RSBt arialddpvetdesHorsdtionibagreunsisting of
coppaistoinof hicksis ciobromeickeckeloal mittom, 2aiskainiessigieel, iron,

90Mlo s s iR, IRYAHR HRHBAGHE bINatieas HRLES]s therllje method

of claim 1 wherein the first electricaily conductive layer and the second
electrically conductive layer comprise copper. 30 6. The method of claim 1
wherdip TR AR slattricaligreBitriatizeniag et aiirpshenseldbadrelentrically
cosrtuctiviestayaetiogmiisecc Gyper tioilspbard Bgraacis tae® heat resistant film

layer is by lamination.

3. The method of claim 1 wherein the electrical resistance material layer has a
resistance ranging from about 0.5 chms/square to about 10,000 ohms/square.

4. The method of claim 1 wherein the first electrically conductive layer and the
second electrically conductive iayer independently comprise a material selected
from the group consisting of copper, zinc, brass, chrome, nickal, aluminum,
stainiess steel, iron, gold, silver, fitanium, platinum. and combinations thereof.

5. The method of ciaim 1 wherein the first elecirically conductive layer and the
second electrically conductive layer comprise copper.

8. The method of claim 1 wherein the first electrically conductive layer and the
second electrically conductive layer comprise copper foils having a surface

20



20 roughness Rz in the range of from about 0.5 pm to about 5 pm. 7. The
method of claim 1 wherein at least one of the first electrically conductive
layer and the second electrically conductive layer are provided with a
bond 5 enhancing treatment on one or both sides thereof. 8. The method
of claim 1 wherein at least one of the first electrically conductive layer and
the second electrically conductive layer are provided with a bond
eANRIRGLFEANMENLINGh FOMAISES Y BATBERbY i metal nodules,
nickel, 10 chromium, chromates, zinc, a silane coupling agent or
combinations thereof. 9. The method of claim 1 wherein one or both of the
first thermeisettrigpiotynunertay et isgri the Jdbentthientriosyttieny pdiyener
|ay(8y¢ ARYIFIS 8RO EINERIAdIBNGe B diRSaIHIGH RAlESIRK a
ur IS= jmi ilazi 5 polyimide, an ester, an

> alléﬁ%ﬂgggyg gr%y‘?e%“%%%%&%%ﬁiﬁ%%ﬁs thereof. 10. The method of
claim 1 wherein the heat resistant film layer comprises a polyethylene
ter®phith alsifwdpipdijathybsreimapbrhbiatoidhedipiieipbisainzody clive
polyphenynaesidid sicaRang Miiadiol ajacs B ROV, Abadyamide
20&9%%@%&&%&%8&'&%%&%% ik E}E?ﬁ%‘.‘ﬁeé’%&%ﬂb'”a“ons

thereof. 21 171. The method of claim 1 wherein the electrical resistance
10 o HEAR Yy EP UBRIETiEES F RIS HRIBERbAIEM Y PR PRERAD e tiaim 11

wherein the electrical resistance material layer 5 contains up to about 30

petcant meweightrirphasphanusmels bbbeomelips aketaissdnyiayeris the

elechiral iesislangs Yﬂ%@é&@éjoi?m@?@i@?’c@%ﬁ@%‘é%ﬂF@S&l@ga 10 14. The

method of claim 1 wherein said electroplating comprises the step of
e N T B R T Rk e e e
15 an pelyjigeday e ehtgfoancf uaticikehipieryarecies PO ki8R hgrasherein
the bath is
10. The method of claim 1 wherein the heat resistant fiim layer comprises a
polyethyiene terephthalate, a polyethylene naphthalate, a polyvinyl carbazole, a
polyphenylene sulfide, an aromatic polyamide, a polyimide, a polyamide-
20 polyimide, a polyether-nitrile, & polyether-ether-ketone, or combinations thereof.
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substantially sulfate and chloride free. 15 15. The method of claim 1

wherein at least the top about ten atomic layers of the electrical
resistance material layer are free of sulfur. 16. The method of claim 1
wherein the surface of the electrical resistance material layer is
substantially pit free and continuous when viewed at a magnification of 20
400x. 17. The method of claim 1 further comprising a barrier layer
betyeRl salftosl5eleRl ERbLANGe Malralayel and spid spcond
electrlcallgl conductive layer, Whe fein said bariiar ayer has a’thickness of
lesSS A 56’6%@@5053?0 §Sd|fferent in 25 composition from said electrical
reS|stance material layer, and is capable of protecting said electrical
resistahemetze dbtimyet irdwerant iekekpeiatich emstamenoatazalagepper
etchaniss 22 th&bduniethadeaf formige: armpwitiayared construction which
comprises the steps of: attaching a first thermosetting polymer layer onto

afrg&gﬁg&gogfo@ Qg%t{%%l (f f'lera‘i'éc tta hlggtangee%ohéjr rmosettlng

%{mer e?/ ré)ntoﬁg second surface o fresishnt rﬁ' aﬁachlng a
firdP VIR AR O8I tive layer onto the flrst 5 thermosettlng polymer;
providing a second electrically conductive layer having an electrical

resistahe eetze nbtimyer ¥oemedsad asuraedrthecepfisanthati@ehing the
elatéricat sesistansetnaesatidayecmaiethe speond thersasplingaolymer;
ww@&mﬁl@ﬁwp@hr@@%mr&wﬁw Igyetipse!Qried{Eptie group

cog@ggagaﬂ Qu%?el’aﬁgr MGGk el-chrome, platlnum palladium, nickel 10
phosphorus titanium, irdium, rutherium, silica, and combinations thereof.

19. A method of forming a multilayered construction which comprises the

steps O BEaehRiGamrstRepnatleami Hpapmrpubipe s lYRstadtiface
of eldsbigalessistamne fitericig/dayarteae Firsgohsséeond thermosetting polymer
layer onto a second surface 15 of the heat resistant film layer; providing a

firsteete e iy R UIMBHAYEI tHaYING ce of the electrical sesistance material

- layer is substantially pit free and continuous when viewed at a magnification of
400x.

17, 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 um, is different in
composition from said electrical resistance material layer, and is capable of
protecting said electrical resistance material layer from attack by alkaline
ammoniacal copper eichanis,
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a first electrical resistance material layer formed on a surface thereof;
providing a second electrically conductive layer having a second electrical
resistance material layer formed on a surface thereof; attaching the first
electrical resistance material layer onto the first thermosetting polymer
layer; and attaching the second 20 electrical resistance material layer onto
the second thermosetting polymer layer; wherein the electrical resistance

material layss mﬂ%%%ﬁm msogému‘a@mm%%m&%' I LRME,r

mcl&el chrorr; gt%at'n dlumi nickel- pho us, titapium, iridium,
ety SilleaSe com&ﬁ% RS THEreor 25" gs 3 ?h%d%%i%?'sa“
caBH’cu?S‘ECEEHw% ﬁ%‘fﬂﬁdtﬁ@fgt%?f’étiﬁﬂ RRIABRIAY S firde %ﬁé?ﬁ‘iﬁﬁé‘ifﬁf@ BURﬁn
laywebrsisterifaciteinng s iinslaisdeah)yaonductivddrgantehadiihg a
settenddiwtinggatttiag polidngrdagesrent@arkesly surkacs ef & boaivirgsistant
filradayrE RIQuiSHPIRaaeePRJ:RIBRITLRMl LOntIEtiNE-4aY ahhaxiRgiRthe
e'%‘r‘é@ﬁ@éf aaRlanesmaleral i Hned el %é&%&%&?ﬁ&%&} pAttaching

elegtrlqal resistance rnate 1al lqg/er ontoI thte SECO thermosetting
Y"n%fe#" ANd” aHAChING ThE Tir St TREFMOSELIRG PoTy %mé md'a Second
su%@%ﬁ%"ﬁéﬁt CFE%”%‘E&FI‘P‘I‘W*‘&?/@F" Wﬁ%ﬁw ?ﬁ%aéi'éEtr”t%ﬂe&stance
matetsahrayetigriete siddfronigiergrelipa codsisnbiaionkclereehrome,
nickel-chrome, platinum, palladium, nickel- 35 phosphorus, titanium,

iridigm, Hathedisibriiga A0Esnkibatignsthereflh daprises the steps of:
attaching & first thermosetting polymer layar onto a first surface of a heat resistant
film layer; attaching a second thermosetting polymer layer onto a second surface
of the heat resistant film fayer; providing a first electrically conductive iayer having
a first electrical resistance material layer formed on a surface thereof, providing a
second electrically conductive layer having a second electrical resistance material
layer formed on a surface thereof, attaching the first electrical resistance material
layer onto the first thermosetting potymer layer, and atlaching the second
electrical resistance material layer onto the second thermosetting polymer layer,;
wherein the electrical resistance material layer is selecied from the group
consisting of nickal, chrome, nickel-chrome, platinum, paliadium, nickel-
phosphorus, titanium, iridium, rutherium, siiica, and combinations thereof.

20. A method of forming a capacitor, comprising the steps of attaching a first
thermosetting polymer layer onto a surface of a first electrically conductive iayer,;
attaching a second thermosetting polymer layer onto a first surface of a heat
resistant film layer; providing a second electrically conductive layer having an
electrical resistance material layer formed on a surface thereof; attaching the
eiectrical resistance material layer onto the second thermosetiing polymer; and
attaching the first thermosetiing polymer onto a second surface of the heat
resistant film layer;

wherein the elecirical resistance material layer is selected from the group
consisting of nickal, chrome, nickel-chrome, platinum, paliadium, nickel-
phosphorus, titanium, iridium, rutherium, silica, and combinations thereof,
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