13 February 2006 OM9 NI CKEL COATED COPPER AS ELECTRODESFE&iian/d@sDDED
PASSI VE DEVI CES 5 BACKGROUND OF THE | NVENTFON FI ELD OF THE | NVENTI ON The
invention relates to the production of passive circuit devices such as
resistors, 10 capacitors and inductors that can be enbedded inprinted
circuit boards (PCB s). Such maybe fornmed using an electrically conductive
substrate conprising a copper foil having a thin layer of nickel on both
sides of the copper foil as the prinmary el ectrode. 15 DESCRI PTION OF THE
- RELATED ART Printed circuit boards are well known in the field of

el ectronics, and are used for a wde variety of commercial and consuner
el ectronic applications. They are useful for large ggpbe applications,
such as in mssiles and industrial control equipnment, as well as in snall
scal e devi ces. For exanple, they can be found inside radio and 20,

tel evision sets, t e ut i hhoards and conputers.
They also play aﬁﬁ@gﬁ@ﬂ&@@@Pﬁﬁgﬁﬁﬁgﬁsﬁ%i r bor ne avi oni cs and
gui dance systems. The syNARBDHTSPRAQRIPE DHWEER rcuit boards for the
mounting of components is becomng a limting formfactor as the need for
functison and speed increases. Currently, 40+% of the surface area of '
conventional PCB's, is occupied 25 by _passive devices, such as resistors,
capacitors and inducto - Aot T%E INVENTION

FIELD OF THE INVENTION

The invention relates to the production of passive circuit devices such as resistors,

10 capacitors and inductors that can be embedded in printed circuit boards (PCB’s).
Such may be formed using an electrically conductive substrate comprising a
copper foil having a thin layer of nickel on both sides of the copper foil as the

primary electrode. | '

15 DESCRIPTION OF THE RELATED ART
Printed circuit boards are well known in the field of electronics, and are used for a
wide variety of commercial and consumer eleét_r-onic applicatioﬁs. They are useful
for large scale appl_-icatidns, such as ig-missi_les and industrial control equipment, -
as well as in small scale _devices._ For example, they can be found inside radio énd |
3 20 television sets, telephone systelﬁs,?automobile dashboards and computers. They
also play an imi)ortant role'iﬁ tﬁe'()pé'ration of airbomne avionics and guidance
systems. The surfacé area on .pI’iI.thd éirc_:uit b-oard_s.. for the mounting of
_ components.is becoming a limiting form facter as the need for fanction and speed
increases. Currently, 40+% of the surface area of canveﬁtional- PC.B’S‘ is occﬁpied :
_ .,25 by passive devices, such as resistors, capacitors and inductors. Through the

redesign of these devicés into a planar configuration, they can be embedded in the -




redesign of these devices into a planar configuration, 14 peyugapde enbedded
in the 13 February.2006 body of the printed circuit board thereby '

i ncreasi ng avail able surface area for active devices. It is known in the
art to produce printed circuit boards having integrated resistors, 5
capacitors and magneti c conponents such as inductors and transducers. There
are various available technol ogies that partially address the

t echnol ogi cal requirenents for the fabrication of passive devices, but each
has a its drawbacks. This invention enables the fabrication of planar
passive devices that maybe enbedded in the body of a printed circuit

board. F ) ni ckel- .l a allows 10 for.the fabri.cation of devices
with wi dlejir;(; egrﬁ‘t%ér ﬁlgrrlltg&e&g%étcl{o?g&@ﬁrghW“faﬁlggé%%l}aﬁige Sug%‘i)epaée% Tapplicati on.
Addi t i onaidtive deviekg! whether as a pure netal or in alloy form is known to
I ncrease foil adhesion to resins commonly used in the construction of '
printed circuit boards, has an affinity for ceramcs and netal oxi des and

has added, . its.0f . increasing, thermal stabi.lity and, resjstance to
cheni cal dlé (l)ér)lrgg)gdplhihe%rﬁkeo Ilrgg?cﬁ\%ﬁﬁdocﬁmﬁﬁﬁraﬁga% ‘|“¥°§F£%’¢§SIP¢?539 can be
separ & edcapyciforslel Bagretic compbrtmtsudh a6 RAubErsGa trafideds t Pha@hredS @
capacitor. The foil can also be coated with resistive or inductive

materi al Yaiios aeailabls tpchwplogies that partinllyi addressshe tesmobngiadl adhesi on to  these
terials, h d | stability ' t : f th
Thvent | on ol RAUERE T hbcalEn abp &Rt giiR P APEh B hRES and ot her

circuit Zbhisifveaioh @RbLES HROLPIGESH 85 hRhar RARVENSTEeS Blat RagBENY t echni ques
are wel |l - known. The passive elenents nay then be enbedded into the printed

Ccircuit bwehedded indhe bpdy efg printell Grouitionrdp Fukthge theyickehlagieralioani nat i on

- tech nfoq YRt the fabrication of devices with wider performance spectra thereby increasing

scope of application. Additionally, nickel whether as a pure meta} or in alloy form
is know to increase foil adhesion to resins commonty used in the construction of .
printed 01rcu1t boards, has an affinity for ceramics and metal oxides and has added
benefits of increasing thermal stabiiify and resistance to chemical corrosion, The

15 invention provides foil planes that can be separated by a dielectric medium and
can be configured to act as a-capacitor, The foil can also be éoated with resistive
or induc_:tiire material in order to perform these functions. Improved adhesion to
these materials-lénd enhanéed' thermal stability are important features of the
ihVenﬁon.., ‘Processes for imaging and generating clearance holes and other circuit

i ) 20. 'featﬂreé using photoresists and chemical etching techniques are well known. The

* passive clements may then be embedded into the printed circuit board of an

integrated circuit package by standard lamination techniques.

s . SUMMARY OF THE INVENTION |
The invention provides an electrically conductive substrate comprising a copper

fdil having 0ppd$i-te surfaces, wherein one or both of the opposite surfaces have
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25 SUMVARY OF THE I-NVENTI ON The invention provides an ej;egbrrub@agdoy;
conductive substrate conprising a copper foil having opposite surfaces,

* wherein one or both of the opposite surfaces have 2' 13 February 2006

optionally been subjected to a el ectrochenical polishing treatnent, a

- mechani cal n@ﬁ shrsrll t.r eat rrent or a_roughening treatnent; and a Iayer of

ni ckel e%‘?:tf? ?Ot‘eemé@@alﬁohﬁhmgmmmtpmmbhmu@lovr des a

process g ShEGE L) 1 ve strate conpri sing
fanning a copper ?ﬁ 0 avi ng ooposr%%mg ?‘4@8 th%ubj ecting one
or both moﬂtfesuofap@sr te surfaces to a el ect rochem cal polishing treatnent,

a mechani cal Polishing treatnment or a roughening treatnent; and depositing

- a layer of nickel onto each of the opposite surfaces. 1o DETAILED

_Eﬁﬁfﬂ 2’?3%‘%%???%5@?%55@%% ity &%ﬁieheﬁ%ﬁqw”g“%éfe. " one.

bot h shtatﬁeooummmgtfmmgﬁ&oﬂseﬂfaﬂha t(g, a@ect rochem cal
poI i shi %@)t reat nent @ chani cal poli sh| n treat ment” Or a° rougheni ng.
.t r eat meRTICEREPRe QL botl @ Ppesite [pthees toa icalfpoliskingopper foil have

been pO&bﬁhﬁﬂ &hﬁﬁ&‘?gﬁﬁ%ﬁ?g t 10 croinches or fess; and a |ayer
of ni ckel each of the Opposite su%?tufé‘sm q"?tmg‘t‘ia 4n the process of

) the i nv@moﬁmtlgmdayeooﬁmokhl0ﬂtoeeambﬁﬂ1efdppbmfysqjﬁ5@bI y .

10 | i :
I)ETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An electncally conductive substrate comprising a copper foil having opposite
surfaces, wherein one or both of the opposite surfaces have been subjected to a
electrochemical polishing treatment, a mechanical pohshlng treatment or a
_ roughenlng treatment, such that one or both apposite surfaces of the copper foil have
been polished to a smoothness of about 10 mlcromches or Iess and a layer of nickel
~€ach of the opposite surfaces. e TD | e

— s e el e TTEERR I

" 'Ihe ﬁrst step in the process of the i mvenuon isto produce ametal fo:l, preferably

S 20 oopper byextherelecuoplahngontoarotnhngdnnnorbymllmgaeoppermgot ,

o -with subsequent annealing, According to the mvmﬁen, thetetm copper fo:l” _
'. mcludw copper or copper alloys, and may include oapper foxls oontammg zmc,
brass, chmme, nwkel, alominum, stainless steel, iron, gold, snlver, titanivum: and
‘ eombmauonsandalloysﬂleteoﬁ 'Iheﬂnchlwsofﬂleqopperfoﬂmayvmy |
25 aeoonimg to each parmmlar application: Ina preferred anbod:meut, the coppet'
- '_._‘fadhasaﬂncknm offmmabouts pm to. aboutSOpm. Itis well know'to °
-vpmduoe oopper foﬂs by eleou'odeposxtlon processes One ptefened Process

e
i




~ 20 copper', by either electroplating onto a rotating dqgrpebgfuagyzddgl ling a
- copper ingot with subsequent annealing. According to the invention, the

tefm"copper foil" includes copper or copper alloys, and may include
copper foils containing zinc, brass, gnone, nickel, alum num stainless
steed, iron, gold, silver, titaniumand conbinations and alloys thereof

 The thickness of the Conm foil may Vary according to each particul ar

application Ina preferred enbodi nent, the copper foil has a thickness of

from about 5mto about 50m It,-well knoWo Produce copper foils by

el ectrodeposition processes. One preferred process . 13 February 2006

i ncl udes iptiRass QEEBASIdsitRE HPPRTTorh hQ QeULh ipgal t onto a
rotating netal drum&‘ Tkﬁg&si g ofotﬁeg%ugiloﬁ next Sg%lﬁgmg(ra&%ﬁlﬁggtypi cally

t he snootthetekdreim Hhe sgledd thefil ieext teethetdnen isiygiealptheamoetiosr siitlyy r ough

surface, also,kngwn as the matte side. This drumis usually made of
st ai nl esss“ief S"gfeg}eqt&fré‘qu Rriflatively raughs a%éﬁf’l#&ﬁ‘éméﬁgler@%@ ves the

copper assidd This SRS uk@&ly hal® it E%G&Bgaﬁgﬁﬁbk’%ﬁh%@%@ |y const r uct ed

froma lead alloy. A cell “voltage of about ts'is typically
appl i éd wethadennd teecimenltie capytr bh it icdépusiled fromcaligient A mopesdr to be

deposi ted jle o en.is eyvolved at the anode, This copper foil is then
r enoved gFP%\ﬁl}' Wﬁ%&ﬁﬁﬁ%i@?@ﬁﬁ%ﬁeﬁ CPQiVPﬁ‘T‘%e of pheyiahiod O vadiitak- M t sui  of

Hoosi ck fepkialy bt BeewofiDite SHodORRAhe LANAYL ARl AL LA i Brass of Fast

Al ton, IITinoi's.” The surfaces of t can be nodifi‘ed to enhance the
per f or madeposited,t witle cerygenliteyobad at the anedé. CEhis topprr failighkdn emoléte is

- required to gssjst in adhesion of the enbedded passive material to the
- floi | or f{t%g@éﬁg@qb o ]&F’f’é‘s{ﬁﬂrﬂs %‘faﬂ?h]@%nﬁakﬂé%lﬂeﬂ@eiﬂﬁk Edllsstrate to the
Foi 10t Ny rORolBYE S P i1 ERE Hnt Ol B1allY9East Alton; Tinois.

The surfaces of the foil can be modified to enhance the performance of the
embedded passive devica. if a rougher 'surfacé is required to assist in adhesion of
the embedded ﬁa_ssive material to the foil or the subsequent adhesion of the

1'5‘ printed circuit substrate to the foil, the foil may be pre-treated with a bond
enhancing freatmcnt_known in the art, which'may serve as an adhesion promoter
for the foil. In this regard, ai;reatmeﬁt of either nickel or copper nodules can be
a’pplied to either'or both sides of the foil. One roughenihg technique such as by
el.ectrolyti_call'y d_epo'siting.r.n.icro—lnodules of a metal or alioy such as copper or.

- 3 20 nickel and increase adhesion to the foil. Sﬁ(:h may be conducted according to

USs: patents §,1 17,300; 5,679,230 or 3,857,681 which are incorporated herein by
reference. The nbdﬁlés‘ may réng’e in size from about 40 microihches 1o about 200
| microinches, or 'mbre-preferabiy from ab_out 40 mi&oinches to about 150 o
. microinches. | | | .
25 | | . . _
~ The surface microstructﬁré of the foil is measured by alproﬁlomete’r, si;ch-as a
Perthometer model M4P or S5P which is commercially available from Mahr

4 .




enhanci ng treatnent known in the art, which may serve asraBrafgsieon
pronmoter for the foil. In this regard, a treatnent of either 'nickel or
copper nodul es can be applied to either or both sides of the foil. One
rougheni ng technique such as by electrolytically depositing mcro-nodul es
of a nmetal or alloy such as copper or. 20 nickel and increase adhesion to
the foil. Such may be conducted according to U S. patents 6,117, 300;
5,679, 230 or 3,857,681 which are incorporated herein by reference. The
nodul es may range in size from about 40 m croinches to about 200
m croi nches, or norepreferably from about 40 m croi nches to about 150
m cr oi nchksapraét Adiposatibh at:ah{BizﬁfaﬁSOhi&tlgﬂpﬁg%&y BRadupbhedt$of fr@SUr ed by a
node

profilonmeter, such as a Per t honeter or S5P which is commercially

“avai | abl euffpememingituctue of peake bnd valiey2 0@6nads acpordifg todndwstrat i on of

or "peake St OLPr:fRPER S0 i Thtinbulefon B ineRiai | nC T o50

Section Palkdgin®Cirtits SH1514h8ert Road, NEGHHRSIE Blihoid 68062, Bagkaging Circuits

- of 2115 Sanders Road, Northbrook, Ill'inois 60062. In the 5 neasurenent

pr ocedur eneasuieaestiprogedire, aangashremenbieogtht lneowanlpd engle fuafaee iss  sel ected. Rz
defined as,; th v e i rum peak to vall.ey height .of five consecutive
sanpl i ng Sﬁ%ﬁbﬁh?ﬁeﬁﬁ%aﬁsamgwmmmp H’aﬁ?ﬁ?g‘?)\ﬂ&roéﬁivs is Im5). R
i's, the rBiicive QMR ARNIhiaNRe fndadulGn & Salefitim REARERFCUl ar  di stance

“between the highest peak and the |l owest valley wthin the neasurenent

Im/5). Rt is the maximum roughness depth and is the greatest perpendicular

_ distance between the highest peak and the lowest valley within the measurement-

10 leﬁgﬂl Im. Rpis the maximum leveling depth and is the -height of the highest |

peak within the measuring length Im. Ra, or avérage roughness, is defined as the
éuithineti,c average value of all absolute distances of the roughness proﬁle.from
the center line within the measuring length m. The p‘arametefs of impoﬁance for
this igventibn é:re Rz and Ra. The surface treatments carried out produce a surface
15 | structure having peaks and valleys, which producc roﬁghness parameters wherein
Ra @ges from abéut 1 to about 10 um and Rz ranges from about .2.to about 10
B L UN

In another _émbodiment of the invention, a smooth copper surfacé'may be

. .20 required. For example, capacitors require the dielectric spacing to be minimized. .

In order to prevent shofting of the eléctrbdes, it is_deéire'd that the surface be-as
smooth and free of defects as possible. Téchnié;ueé to accomplish this are
electrochemical or m.echanical. polishing. A sniddth surface may also be feqliired
' -fq; resistors to help insure uﬁiformity. Mechanical polishing maf be oonduéted o
'-25‘ according to the techniques described in U.S. patents 5,688,159 or 6,291,081
which are incorporated herem by reference. Electro.chérrﬁcal poli.shing may be

conductéd by submersing the foil in a copper pyrophbsphate bath. A current is

5.
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10 length Im Rp is the maximum |l eveling depth and is HQ%eBRk%Pﬁo f the

hi ghest peak within the nmeasuring length Im Ra, or average roughness, is
defined as the arithnetic average value of all absol ute distances of the
roughness profile from the center line within the neasuring length Im The
paranmeters of inportance for this invention are Rz and Ra. The surface
treatnents carried out produce a surface 15 structure having peaks and
val | eys, which produce roughness paraneters wherein Ra ranges from about 1
to about 10m and Rz ranges from about 2 to about 10 m In another

enbodi nent of the invention, a snooth copper surface may be.20 . required.

e i the | | h copper ‘surface mmy be 20 . required.
or der 1o HPGARPAER SRy A Qi RRULhRAIEC A PR REo RS B ne” Sl face

be as snoatont 8.2dnfpsem’ed ab@ft Qs Tosfoml BoutllRERbALLES absutacconpl i sh this
are electrochem cal or nechanical polishing. A snooth surface may al so be
requi r ed ™ye. ddgicaprsy ikl sitpativelyi desplrie omthe prakied preasptbafvitand pol i shi ng may

be’ conducg&gméﬁcg%@ggﬁjpg to the techniques described in U S. patents

5,688, 159 or whi ch are incorporated herein by reference.

El ect rsochem cal polishing may be conducted by subnersing the foil in a
‘copper pyrophosphate bath. A current is 5 13 February 2006 applied in such
as way ast®yergkuckelés anplipd antgdioth side afihe spprer doit tocthereby fagusarf r om  about

. 2 2P Ak e BRIt o B SRSPpRHRARE S |
froi .I “and mﬁ&ﬂ: ali®y, ooinPrisifii® 6ther metals such as zinc, brass, chrome, aluminum; _
| stainless stecl, iron, gold, silver, titanium, and combinations and alloys thereof, 7

10 T_he nickel layer may be applied to the copper foil by any conventional method
such as by electrodeposition, elecﬁoplaﬁng, sputtering or electroléss plating. Ina
prefeﬁed embodiment, the nickel layer is deposited by electrodeposition. The .
thickness of the nickel layer may vary according to each particular applicaﬁoﬁ. -In

_ a preferred emBodiment, the nickel layer has a ﬂﬁcélmess of from about 0.1um to

15 about 5 pm, preferably from about 0.2um to anut 2 pm, and most preferably
from about 0.4 p to about 0.6 1. This can’be accomplished using Watt’s nickel, an

~ aqueous solﬁtion of nickel sulfamate, nickel chloride and boric acid or other o

commonly known plating solutions in conjunction with a sOlubie nickel anode.

Plating times and current density w111 vary with chemistry and desired depositio‘n

33]@) 20. thickness.

.The inventive elécﬁfiéally conductive substrate comprising a co?p_ér foil app}ied |
-on each side by a nickel layer is useful for the fabrication of electrodes and - |
passive electronic devices. Si;ch. p’iar_iar passive devices are to be émbedded 1n ‘
25 - printed circuit boards or intcgrate'd_ chip packaging. These devices are produced
by applying a suitable a'dditional layer onto the nickel. | The nature of the

additional layer depends on whether a capacitor, resistor or inductor device is to -

6,




5 A layer of nickel is applied onto both side of the cQ ?Sﬁné 0 t her eby

forman electrically conductive structure. The nickel ayer %l erab

i ncl udes nickel or a - nickel alloy, conprising other netals such as 2|nc,

brass, chrone, alum num+ stainless steel, iron, gold, silver, titanium
.and conbi nations and alloys thereof 10 The nickel layer may be applied to

. the copper. foil by any conventional method such as by el ectrodeposition,

el ectroplating, sputtering or electroless plating. In a preferred

enbodi ment, the nickel |ayer is deposited by el ectrodeposition. The

t hi ckness of the nickel |layer may vary according to each particul ar

applicat'%@]@dﬁ a preferred enbodi nent, the nickel |ayer has a thickness

of from abot] OE3J‘.igmto.i5 about 5 m preferably fromabout 0.21mto about 2

o m and nost preferably fromabout 0.4 to about 0.6g. This can be :
acconplished using Watt's nickel, an aqueous solution of ni ckel sul famat e,
ni ckel chingiflerdo foren mqféhgﬁptpnmntlgnmpasswg dergogsy afkardbwthint sickelg sol utions

Platin s and current

| h | ubl kel
dens vy Wi bR R PRI SR R 1eRRE T enofaBbaR b iPBRe B Cknecs. he
i nvents V%ﬂ%la?&'ﬂn&&mﬁﬁéﬂ tdf&a&df%tﬁﬁhﬁem@a%«’ TTRé BSing foil ,

applied on each side by a nickel layer is useful for the fabrication of
el ect r odetdtisdayer “ﬁﬁﬁgmmélﬂﬁtﬁmmnsldemm@wr, ISusthMIadmtorpasﬁahI@ devi ces are

to be enp ed nted cir rds, or ated chi ackagi ng. -
These devl qéonﬁir%y%? P& gompgsed &?W%@aﬁpgm &t?l i°fi onal . P Fayergontgo
the ni ckedombiiRioRdtHerF8h oh&6r botH & Hicqhidkel l@&%r CiRRFsETePaltial her

. capacitor, resistor or inductor device is to
T ~ suitable for forming inductors is NiFe. Materials sultablc for forming capacitors -

10 npn-excluswely include thermoplastic polymers and thennosettmg polymers such
as epoxies, polyimides, Teflon, and polyesters..A pair of polymer coated sheets
are attached together forming a sandwich of two sheets of nickel coated copper
and the dielectric pdlymér material therebetween. Resistive elements céh be
produced b’y fbrming a layer of nickel phosphorous atloys as described in U.S.

15 - Patent No. 3,808,576. Electrically resistive layers may be formed by forming a
uniformly dispersed layer of an electrically resistive composite material |
: :comprising' a conductive material and a non-conductive material: Such m_ajr be
formed by well known electrodeposition proccsses using an electroﬁlating
| | _so‘luti‘on inclu‘digg ,_solid non-conductive particles and a conductive metal ion that
) 20. '_f(_)'rms‘é'-conductiv_e_- nietal upon eléctroplaﬁng. The conductive 'mé_tal used in the o
 resistive m‘atgrihl and/or in the conductive metal layer of the layer foil material of
thls invention 'm'ay‘ be any metal, metalloid, alioy, or combinatidn thereof that is -
.able to conduct an electrical current. Examples of conductive métals that are
useful as thé conductive metal or alloy in the resisﬁve oo-deposit material inélude

25 oneor more of the followmg antimony (Sb), arsenic (As), bismuth (BI) cobalt

(Ce), tungsten (W), manganese {Mn), lead (Pb), chromium (Cr), zmc {(Zn),
_'palladl_um (Pd), phosphorus (P), sulfur (S), carbon (C), tantalum (Ta), aluminum




13 February 2006 be produced. In order to formone of {fgerbgresgopti oned
passi ve devices, after the thin nickel |ayer of appropriate t'hickness has
been deposited on the copper foil surface, an 5 additional |ayer nmay be
applied to one or both nickel |ayers. The conposition of this layer wll
determ ne the function, i.e. capacitor, resistor or inductor. Suitable
~additional |ayers may be conposed of a netal, a polyner, a.ceramc or
~conbi nations thereof on one or both of the nickel layers. One preferred
material” suitable for formng inductors is.NiFe. Materials suitable for
form ng capacitors 10 non-exclusively include thernoplastic polyners and

t her noset g < . I 85+ Tefd o nd pol yesters.
A pair of gAY TRARUBER, BomREH TR e [ Tha ST nbF Tl . canaw ch
- of two sh@af)sandfcoppai(€h). cTind @mdacthpenctalannd sRSs tiaslatotbe dhof@dl ymer materi al
. therebetﬁﬁen. Resi stive el enents can be}g;odUceq by formng a | ayer of

“ni ckel phESPREPHLY oae ppinoreel the sboverdentifiedigomluctiyg ipteriaktorio. 3, 808, 576.

El ectric . 1S4 S Y raed. f . i formy
disperseahkég r J?k%%ﬁzﬁgﬁf??%ﬁ?f%g?Q%@g??@%ﬁégﬁﬁﬁg%Pgﬂ%%#%?ﬁa| conpri sing
a. conductallegs.ndbecomducineimatenialy-i eedusitveaofipbsitd mhteri alayRYnpe formed by
- wel | -known el ectrodeposition processes using an el ectroplating solution

i ncl udi ndoBdtondugtiys materinl &hat ¢en bragambinedswith a condustiveimetal to give al i on t hat

20. 10 Mg LS A RS e O SRR B Vo
| ayer f oidondmdtiet nmterial is a pdtiiculate vemdriaDthal®dn Hevaily digpkabd netal loid, all oy,
- or conbination thereaof that is _able to conduct an electrical current.
. Exanpl es ughoit the resigtivedod materipdt Sugheparticulate materials include but are :
10  not limited fo metal oxides, metal nitrides, ceramics, and other particulate non-
conductive materials. It is more preferred that the particulate ﬁon—conductive'
| mateﬁals are selected from boron niﬁide, silicon carbide, alumina, silica, platinum
oxide, tantalum nitride,.tal_c, polyethylene tetra-flucroethylene (PTFE), epoxy |
- powders, and mixtures thereof. The additional layer may be applied by
15 using any suitable t'echniq_ué non-exclusively including sputfering, cherﬁical vapor
deposition, combustion chemieal \}apof dcpo'sitioﬁ, electrodeposition such as
electrochemical depositign (plating), electroless plating, sol-gel process, coating
stch as roll COating,- screen pnntmg, dispensing, lamination and sprajmg.
Preferably the additional layer has a thickness of from about .01 to ébout 25

i) 20. microns. -

The fabrication of electrodes ﬁould im}_blve the sieps of:
a) producing a copper fo_il by electrodépositing copper ﬁom-a 'squﬁ(_jn of a copper
salt onto a rotating metal drum, or by rolling a copﬁer mgot with éubseéuent- |
25  annealing; o | _ ' .-
b) optionally treating one or both sides of the foil with a mgchanical polishing

treatment or a roughening treatment such as a bond enhancing layer of nodules;




useful as the conductive nmetal or alloy in the resistit®Februdapzooet

material include 25 one or nore of the follow ng: antinony (Sb), arsenic :

(As), bisnmuth (Bi), cobalt (Ce), tungsten (W, manganese (M), |ead (Pb),:

chromum (Cr), zinc-(Zn); palladium (Pd), phosphorus (P), sulfur (S),

. carbon (O, tantalum (Ta), aluminum 13 February 2006 (Al), iron (Fe)
titanium (Ti), chromum platinum(Pt), tin (Sn), nickel (N), silver

(Au), and copper (Cu). The conductive netals and alloys may al so be chosen

fromalloys of one or nore of the above-identified conductive materials or

a.plurality of layers of one or nore of the above-identified conductive

metal s or oopBbhdlSmodiin SR Holi MR Bliyl deckiBendfEhig! Ve commosi te

mat eri al s ‘may be any “non-conductive nmateriall that can be conbined with a

conduct i veshanighl padishiing éo mproseitusurface siepathiidssyl el ectropl ated resi stive

foil layer. It is preferred that the non- conductiye material is a

par t.i cul aé)ecoﬁ’éﬂ%ﬂag T of ke %Ow%\?gw At dssopper ft\{)ﬂi oughout the resistive

foil mat ed)iaghlyingmienitigd mARkeT d [ gt%H_fe-' > limted to

- et al oxieége_gi,) metal ni t?%%;ﬁhger amsrcdﬁh@ﬁggﬁoﬁéeiﬁl par %@%ﬁ’ldg?aeln%n-

condudt i var indrctarj erite eithar sids offtirearigheb t@atedocbppbiafoilt he particul ate

non- cond %i ve materials are selected frombaoron nitride, silicon carbide,

al umi na, ROPHE Cuhee dnafling thejembedded passtyematenial @s needed; ol yet hyl ene.

tetra-fl ugasiigla MAXY: £ rs, and m xtures thereof. The

addi ti ona .Payer m%&cggggﬁ)??ggﬂﬁlf%@%i ng any suitable technique

"~ .non-exclusively including sputtering, chem cal vapor deposition, conbustion
- cheni cal Emfollowiagashdintiting et2qilé0RAs illisaateIns hvaatiore| £ G4M 8sheni cal

. “deposj tion (pl at,i ngp ,.el ectrol ess plating, sol-gel process, coating

A= 10 appreciated that' variations in proportions and alternatives m elements of the .

| components of the invention will be apparent to those skilled in the art and are

within the scope of the present invention.

15 o ' EXAMPLE 1

A 35 micron 'e'lectrodeposi-ted-.copper foil, without adhesion promoting treatment
(structural or chemical) is run through a plating bath having the following
. constituents; nickel sulfamate, nickel chloride and boric aéid whei'é the:
20 . [Ni] =80 gpL, [Cl} =8 gpL and B = 6 gpL. In the plating tank 'is‘é. soiuble-pi_ckcl" ;
B anode. A current is applied o the foil t_o‘_yierld' aCD =50 AS-F.. The cutrent is '
'applied,for.apptokiinately'l() seconds resulting in the depdsition‘ of nickel l.iyér_ ‘
with a thickness ‘o_f ~0.5 microns. The nicke] layer is ﬂ‘_n_éﬁ-coated with a7 micron
| layer of a polyimide fesin. A liquid polyimide resin is adjustéd to 25% solids'; a -
25 viscosity of about 20,000 centipose, with N-methylpyrrolidone in a stainless steel
mixing vat. The polyimide solution is supplied to a GiSpensing system and: a film
Qf approximately 50 microns is ai)pli.cd to the shiny side of the moving foil using |

gravity and the liquid polymer viscosity as dispensing forces.

9



such as. roll coating, screen printing, dispensing, IanBrlFebmawm |
spraying. Preferably the additional |ayer has a thickness of from about
.01 to about 25 20. microns.. The fabrication of electrodes would involve

"~ the steps of: a) producing a copper foil by el ectrodepositing copper froma

solution of a copper salt onto a rotating netal drum or by rolling a
copper ingot with subsequent 25 annealing; b) optionally treating one or
bot h sides of the foil with a nechanical polishing treatnment or a
rougheni ng treatnent such as a bond enhancing | ayer of nodules; 1.3
February 2006 c) optionally nodifying one or both sides of the foil by

el ectrochem cal or mechanical polishing to inprove its surface snoot hness;

d) coatlng a layer of nickel on one or both sides of the copper foil; e)
appl yi ng Andostrizbitdfeds qubsstedle) pmdhmelaa*retailmtc&bﬂhni‘cmnsﬁmt}mlmgssa resistor,
capaC|tor ont I t.her e of the nl co ted copper
foil; Eﬁs&tlﬂém% ‘B’F“Pé’ﬁﬁ%g fiﬂ@? E fRe%ta|  as
needed gblﬁi@ﬂ:ln)é'ﬂg ﬁtﬂu%'u@ﬁ 6i8%Rad A ;ﬁkeanq%u e follow ng
non-1imti ng exanpl e(s) serve {] aus(%I ate the |nvent|on ﬁlﬁqnaﬂp be 10

- appreci atﬂmlltalmdmaﬂnealpsm side pfthpdocmmhhdannknailntm aabnstems i n el enents of

the conp of the on will bea rent eskllledlnthe
art .and ahed %CPHHPHS?‘}@“%@B‘B‘@“’%&“FW@IB} mglxd r%@% %5 EXAMPLE 1 A 35
m cron el ectrodeposited copper foil, w thout adhesion pronoting treatnent

The solvent is evaporated off and the polymer is cured in an oven. As the coated

foil first enters the oven, an initial temperature drop should be anticipated. Once

e

10 - steady state tempcratufes are achieved in the oven, film thickness is checked by
taking a foil sample and comparing the coated weight to the base weight of the
foil using the polyimide density to convert from weight to film thickness.
Adjustrnenté to the rate of polyimide dispensed and or doctor blade hei ght over
the foil are made based on this measurement. This prpce,ss is repeated until the

15  desired film thickness is attained. A capacitor is formed by laminating two pieces
of this coated foil in a hydraulic press at 275 °C and 150 psi for 30 minutes. The
press.is under vacuum of 28 mches of mercury. A parallel plane capacxtor is
formed with a capacltance of 0.2 plcofarads and a peel strength of 8 pounds per

. inch.
. EXAMPLE?
A structure is formed similar to that of Example 1 except BaTiOs s added to the

resin at a ratio of 50% by weight yielding parallel plane capacitor of 1.2
25  picofarads and a peel strength of 6.5 pounds per inch. -

10




(structural or chem cal) is run through a plating bathmwbﬂggifm;sfol | ow ng
constituents; nickel sulfamate, nickel chloride and boric acid where the 20
[Ni] = 80 gpL, [Cj =8 gpL and B =6 gpL. In the plating tank is a soluble
ni ckel anode. A current is applied to the foil to yield a CD = 50 ASF. The
current is, applied for. approximately 10 seconds resulting in the
deposition of nickel layer wth a thickness of -0.5 mcrons. The ni ckel

| ayer is then coated with a 7 micron layer of a polyinmde resin. Aliquid
polyimde resin is adjusted to 25% solids, a 25 viscosity of about 20,000
centi pose, wth N-nethyl pynolidone in a stainless steel mxing vat. The

polyi m de solution is supplgxg!m @3?@3@29@{@@ systemand a fihn of
approximately 50 microns is applire e shrny side of the noving foil
using gravity and the liquid polyner viscosity as dispensing forces. 9 13

February 2006 doctor, blade is a justed to produgce a wet fllmof 43
m crons i Iﬁllﬂ%ge?eate&%@{‘i‘%?W@@%%F@R?Bﬁﬂo‘gﬁéo Akelng a dried

pol ymer fi épfmefegmgﬁ am‘red I},&Qe“ ?.leiépqgngr itofd @Qtp% waug | iquid head .

- hei ght and vol unme of |ne on e upstream si de of
"t he ddct drutbhna ped otromgtinofless thaa difgiomnds pdrlimehi. bl e conposite filmthickness
-and a filmfree of included air bubbles. The solvent is evaporated off and
the polyner is cured in an oven. As the coated foil first enters the oven,

an initial tenperature drop Sho%ﬁAﬂﬁ)Lﬁﬁi ci pated. Once 10 steady state
tenperatures are achieved in the oven 1 mthickness is checked by taking

- a foil sanpl e and conparing the coated weight to the base weight of the
- foil usi richet fhll of Exgrinpiedieis peaiiced; except onwside of the wopper Gl istatsofpldted t hi ckness

o 10 with nickel. A slurry of barium titanate is coated onto a smooth side of the copper
foil using the sol-gel process. The slurry is dried and annealed at 600°C to yield a
high dielectric constant Iayef of 300 to 900 nanometers. A top electrical cdnta_ct"is

applied by sputtering on a nickel layer to which copper is eleclrolﬁrticallﬁr plated.
The resulting capacitor has a capacitance of 100 to 500 nanofarads/cm®. A
15 | |

: The foil of Example 1 is pfodﬁéed, except a hddﬁlar.ﬁ-ea_tméﬁt of copper is apﬁlied
to the shiny side of the foil. The nodule treatment is then coated with thé.niékel |

s | 20 Tothe nickel Iayer a thin layer of platmum is apphcd using combustlon chemical

| ' vapor deposxtlon The thickness is between 50 to 300 nanometers ThlS prowdes

remstors having a resxstance of from 200 to 1200 ohms/sq
= EXAMPLE 6
s | R
_The foil of Example 4 is produced and a ceramic paste containing silver particles,
-'co!mneréially available from Dupont, is screen printed onto the nicke] surface.

This material is then annealed in a high tempgrature oven at 400° C to form a

11




Adj ustments to the rate of polyimde dispensed and or dqgeLghaR) A hei ght
over the foil aré.nmade based on this neasurenent. This process is repeated.
until the is desired filmthickness is attained. A capacitor is fornmed by .

| am nating two pieces of this coated foil in a hydraulic press at 275 C
~and 150 psi for 30 mnutes. The press. is under vacuum of 28. inches of
mercury. A parallel plane capacitor is fornmed with a capacitance of 0.2

pi cof arads and a peel strength of 8 pounds per inch. EXAMPLE 2 A structure
is formed simlar to that of- Exanple 1 except BaTi03.is. added to the

resin at a ratio of 50% by wei ght yielding parallel plane capacitor of 1.2
25 picofa Sck:en! - ; j . February
2006 EXAVSLETS MOICRARIR: reletiso bl istych BRI GRS oh i beinitiond T

el ect r odefibaplectodompe cofeoThis wbielis then pattératd td fayfran eldeidabpath td Ng structure
yields a %faf{&l I glll ]%I.ane capacitor of 0.2 picofarads but has a peel
strength WBGRSROD 0 pounds per inch. EXAMPLE 4 The foil of Exanple 1
is produced, except one side of the copper foil is also plated 10 with '
nickel. A slurry of bariumtitanate is coated-onto a snooth side of the -

coppers f Ofpild$i he: - C T % is dried.and anneal ed at
6000 C to vyi g?ﬁj}g&eﬂ?ﬁgﬁd}%ﬁgg@%j@%&@ﬁ@a ﬁdg?“gﬁgv?gl 900 nanoneters.
. A top el acfarealto prfifrdtenibddintgit, itosiilbe readityt iRt byxhbicde! | ayer to .
whi ch cop(])ogr is.electrolytically plated. )

~ Ordmary skill in thf: art that various changes and modifications may be made

without departing from the spirit and scope of the invention. It is intended that the .
: 3 _ claims be interpreted to cover the disclosed embodiment, those alternatives which

10 have been discussed above and all equivalents thereto,

12




-The resultl ng capacitor has-a capacitance of 100 to 50Q3rapRiasZgte/.cn2. 15 |
EXAVMPLE 5 The foil-of Exanple | is produced, except a nodul ar treatrrent of.

“copper is applied to the shiny side of the foil. The nodule treatment is -

-then coated with the nickel. 20 To the nickel layer, a thin |ayer of

platinumis applied using conbustion chemical - vapor deposition.: The.

- thickness is between 50 to 300 nanoneters. This provides resistors having
~a resistance of from200 to 1200 ohnms/sq. 25 EXAMPLE 6 The foil of Exanple.

4 is produced and a cerami c paste. containing silver particles,- '

~ commer ci 3Vhat inelaintedlib:e, -from Dupont, is screen print ed onto the nickel
-surface. This material is t hen annealed in a high tenperature oven at 400

Ctofor,m %crﬁ:? uar% Q S|st|ve material. The resistive material is
then |amn W'V%l Braie comnrisivgga a@gpequﬁlom:mu@ oppasite Thi s core

is t hensmqeerwhei‘etmoth@bmbam ot et 6ppeite Rad Bid g [esistor. S
has bee%&%artlcgﬁetgﬁ%/\gs own a tefije cfibed with

V\hlletg@l? |nvet|03

reference to prarer PUSNIG, Seatments 2 i Meghanicabepelishigl yreapmrticnat@d by those

of  or dioughsnisgireatnient, tsheh 1t ohdaf brytﬁroP e%lﬁﬁ'ggé%sof%[ﬁ? \P«Qﬁ‘t’*t Lons may be
f It is

oS

made r romth I rit and scope 0
i nt endedé ﬁ t'sﬁ%ot% éc%rgg%gm%? ‘?frﬁ%QPgT%f"é‘(ﬂo'ﬂ@‘%cﬂfé&SSthm dllagel' ofsmd(eenbodl ment ,
t hose =8acéralthe epwsiiswraces. have been d| scussed above and all equivalents
ot her et o. , '
| 2. The conductive substrate of claim 1 wherein one or both oppostte surfaces of
10 ‘the copper foil havcbwnsubjectedto a electrochemical pohshmg treatmentora. .

mechanical polishing treaiment.

3. The conduc&ve substrate of claim 1 whcrem one or beth opposﬁe surfac% of :
- thc -copper foil have been sub_]ected foa roughemng treatment.
T
L 4, Thc oonducuve substrate of claim 1 whewm one or- both opposite surfam of
thie copper foil havc been pmwded with copper or nickel riodules,

R 8. The eonducnvesubstrateofclaxm 1 wherein the oopperfoﬂls an
20 electmdeposzted ooppa fo:l.

o . 6 'Iheconduc&ve subst:ate of claiml whetem the copper foﬂls amlled and
R annealedcopperfoﬂ. o ' :

25 7. The oondueuve substrate of claJm 1 whemm ane.or both oppamte surfaees of _' -
- : -—ﬂle oopper forl have been prov:ded w1th eopper or mckel nodules rangmg m size
S ﬁom40t0200m1cmmches 3




12 . 1.3 February-2006 Wat is claimed is: 1. An el ect i3 EabiuprycZduct i ve
substrate conprising a copper foil having opposite surfaces, wherein one
or both of the opposite surfaces have been subjected to a el ectrochem cal
polishing treatnent, a nechanical polishing treatnent or a roughening
treatnment, such that one or both opposite surfaces of the copper foil have
been polished to a snoot hness of about 10 mcroinches or less; and a | ayer

of ni ckethe coRmbIVRTsubBeVUPRGH £ Fhetelf B@&%om?opp&hgs&f%g&;tﬁme\éspp%vbst rate of

erein on osite surfaces o e copper foil have

~cl ai . ..both ) CES ¢
Beglnmst?ﬂj R P V'ge‘g‘{"g'c‘i%f’%eéoﬁg kelipodyiss raodira g size&a @R 18 a.  mechani cal

pol i shinipgpinchesat ment 3. The conducti ve substrate of claim 1l wherein one or
both opposite surfaces of : the copper foil have been subjected to a
rougheﬁHn treatnea%qlS 4. The conductjve substrate of claiml| wherein one
or - bot # &gﬁ‘aﬁﬁ*’?‘aeé rate gEcigin 1 fhiher coippsieing Ap pdditiongldayeeat 3 metahA ded wi t h
copper palyman aodeedmin ochoinbmatidns thEhef aroatdhzet dnedf e Rkd ayesof claim | wherein

“the copper foil is an 20 el ectrodeposited copper foil. 6. The conductive

SUbstr?t% of claim1 wherein the copper foil is a rolled and anneal ed
copper 14 dh§ conductive qubstate af dlay d drihercomprigaq aradsitignal layeriofa metalyler ei n one or
bot h _ opytreer tagcesantid § cofnbinations thereof on both of the nickel layers. '

11. The conductive substrate of claim 1 further comprising an additional layer of a resistor,
capacitor or inductor forming material on at least one of the nickel layers.

. 12. The conductive substrate of claim 1 wherein the nickel layers have a thickness of from
about 0.1 pm to about 5. um.

13.A process for producing an electrically conductive- substrate comprising fdrming a copper
foil having opposite surfaces; optionally subjecting one or both of the opposite surfaces to a
electrochemical polishing treatment, a mechanical polishing treatment or a roughening
: treatm_ent, such that one or both opposite surfaces of the copper foil have been polished to a
smoothness of about 10 microinches or less; and depositing a layer of nickel onto each of the
6pposite surfaces. ' | |

R




t he copper foil have been provided with copper or nick& Felgdatye®06angi ng in
size from40 tc 13 February 2006 8. The conductive substrate of claim1
wherein one or both opposite surfaces of the copper foil have been

provi ded with. copper or nickel nodules ranging in size from40 to 150

m croi nches. 9. The conductive substrate of claim| further conprising an-:
addi t i &hdhe pregess obglaing 13uhgrein oge opkatiy paRositesurdages of the eapperdaibarmat i ons t her eof
on at subjsted tngelodirotignictl fdisthing taadhidnt oldmechBficst BOIRHAY frémaptbstrate of claim
1 further conprising an additional |ayer of a nmetal, a polynmer, a ceramc
or conbi nations thereof on both of the nickel l[ayers. 11. The conductive
subst r k& dheproggsg opglamfig mwharein ane aphdtisenpgsitersudiahds of theedppérdgithavef a resi st or,
capaci heah sOtijedtdtti aréUghéiigGcagndmat eri al on at | east one of the nickel

| ayers. 12. The conductive substrate of claim1l wherein the nickel layers

have a thickness of from about 0.1 mto about 5 gm 13. A process for
- pr oducléadhaproedse et dlaim 4 B Whergiorede ot hiolteonpaitstspidaces afdheprdpperngll Hase ni ng a copper

- foi | hswéehpabviBPami dopp&ler hidlPsoduRRt i onal | y subjecting one or both of the

opposite surfaces to a electrochem cal polishing treatnent, a nechani cal

‘polishing treatnent or a roughening treatnent, such that one or both

opposi teThaprpease sf dsim 1l B whereip rercobmsr foillinarceldntredeppsifeld sbypdr folh a  snoot hness  of

. about 10 mCroi nches or |ess; and depositing a | ayer of nickel onto each of
1N ORPRRS SeRb L R T3 whitoin T coppel fol

herein the copper foit is a rolled and annealed copper foil.

19. The process of claim 13 wherein one or both opposite surfaces of the copper foil have
been provided with copper or nickel nodules ranging in size from 40 to 200 microinches.

~. 20. The process of claim 13 wherein one or both opposite surfaces of the copper foil have

been provided with copper of nickel nodules ranging in size from 40 to
150 microinches.

e




14. The process of claim 13 wherein one or both opposi 4§ FauffaRFSGe0f the
copper foil are subjected to a electrochem cal polishing treatnent or a
mechani cal polishing treatnent. 15. The process of claim 13 wherein one or
bot h opposite surfaces of the copper foil- have been subjected to a
roughening treatnent. 16. The process of claim 13 wherein one or both
opposi 26 Tha ploaese of ddimt iidurthepgennrisiog depositigy arlbeleition ayérded mstdl,la copper or

ni ckel I , I copper foil is an
el ectr oﬂgﬁ%sf‘?ee%ﬁggb%gﬁ m%r I %%ﬁefgén 'grtﬁ%s{%rgoegjeé@%f)g é%,,%&m 13 wherein the
copper foil is a rolled and. anneal ed copper foil. -19. The process of
claim mTMprroeésa obet@imdg fibthetcooprisiag depositinig xcaigitiefal ke o @pRed, of 0i | have
peen Phahd Segeilo BRBREIAL tidtdbK ) pdP NS RlPARNO 11 s} ze from 40 o 200
nlcr0|nc e process o one or both opposite
surfaces of the copper foil have been provi ded with copper or nickel

nodul es3.Tae giotess ofclsiin 28 fdriherrpofrising d@@mfﬁg@h@dﬂﬁ&%ﬁtarélafaﬂégtoﬂr ocess of
claim Ja%a&HF I)rﬁﬁJuct%PMd&g@h%?rﬁaqﬁlpgﬁeés % @Y cﬁ(élg% gnal layer of a metal, a

pol y a ceram ¢ i NS ereo Ye[Ssast one of the nicke
Iayers 22. The process of claim 13 further conprising depositing an

addi ti zmarhe bradeRE ofdlaid 18Rherkin tik nidka] IXVERS havd a%ﬁél(?\@%scof fbm&RaRIoNalh ons t her eof
on botp ﬁ t%he ni ckel layers. 23. The process of claim 13 further
conpri SiPRY"d¥Posi ting an additional layer of a resistor, capacitor or

i nductor formng material on at |east one of the nickel |ayers. 24. The

. process of claim 13 wherein the nickel |ayers have a thickness of from

. about 0.1 pm to about 5um






