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devi ces such as resistors, 10 capacitors and inductors that can be
enbedded in printed circuit boards (PCB s). Such may be forned using an
electrically conductive substrate conprising a copper foil having a thin

| ayer of nickel on both sides of the copper foil as the primary el ectrode.
15 DESCRI PTI ON OF THE RELATED ART Printed circuit boards are well known in
the field of electronics, and are used for a wde variety of comerci al
and consuner electronic applications. They are useful for |large scale
applications, such as in mssiles and industrial control equipnment, as
well as in small scal e devices. For exanple, they can be found inside radio
and 20 television sets, tel ephone systens, autonobile dashboards and
conputers. They al NICKEIaZOCNTHDROPPERIAS BLECTRODES KRr ati on of airborne
avi oni cs and gui dance systens. The surface area on printed circuit boards
for the nounting of conpé%@%@@rﬁQQEﬁﬁﬁgﬁﬁﬂﬁﬁ¥gqﬁgﬁ ting formfactor as the
need for function and speed increases. Currently, 40+% of the surface area
of conventional PCB s is occupied '25 by passive devices, such as
resistors, capacitors arBACKGROIONE.OFTHEHBINNENAEONr edesi gn of these devi ces
into a planar configuration, they can be enbedded in the 1 WD 03/030186
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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 electronic applications. They are useful
for large scale applications, such as in missiles and industrial control equipment,
as well as in small scale devices. For example, they can be found inside radio and
20 television sets, telephone systems, automobile dashboards and computers. They
also play an important role in the operation of airborne avionics and guidance
systems. The surface area on printed circuit boards for the mounting of
components is becoming a limiting form factor as the need for function and speed
increases. Currently, 40+% of the surface area of conventional PCB’s is occupied
25 by passive devices, such as resistors, capacitors and inductors. Through the

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



body of the printed circuit board thereby increasing avail able surface area
for active devices. ' It is known in the art to produce printed circuit
boar ds hawpDng/osmsegrated resi stors, 5 capacitors and magReTiusozzarponent s
such as inductors and transducers. There are various avail able

technol ogies that partially address the technol ogical requirenents for the
fabrication of passive devices, but each has a its drawbacks. This

i nvention enables the fabrication of planar passive devices that may be
enbedded in the body of a printed circuit board. Further, the nickel |ayer
allows 10 for the fabrication of devices with wi der performance spectra

thereby in cope of application.  Addi nal Ly, nickel whether as a
pur e netal%eg 1hE%P¥ ??$8Wﬁ¢m?§1Lﬂﬁmhm96a$m%?@ e?B#Feﬁﬁﬂ ion to resins

comonly ugglf e construction of printed circuit boards, has an
affinity for ceramcs and netal oxides and has added benefits of
i ncreasing thermal stablllty and resistance to chem cal corrosion. The 15

i nvention pr.oyi des, s t a can separate | ectric medi um
andcan b BB G B B s on R ed G Rosr BFKRE ORI LS be coat ed
Wi th resi sthp@itor9bnd Mepelit ¢8mPBiedfs sth b In@celes afdPrdSiicersMThBRSee f uncti ons.

| nproved adhesion to these materials and enhanced thermal stability are
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chem cal |ng nlques Sive elenents may then
be enbedded“hlsﬂhfbnhb@er[&bld@Ttliﬂfabﬂldfa@ldn bflbl@m@assfvealﬁvwdcsr’thﬁgﬁa@lbbd circuit
package by standard | am nation techniques. SUMVARY OF THE | NVENTI ON The

i nvention §Pbeddeddn the befwel & prinied szr%rbeerét F%hegdbgflwlsfléas@éﬁlm%u ng a copper
fol | nayi NG RPRBHFof UF LARES with a8l RerfifaRE kA uRferhHer@RRGST L € Surfaces

scope of application. Additionally, nickel whether as a pure metal or in alloy form
is known to increase foil adhesion to resins commonly used in the construction of
printed circuit boards, has an affinity for ceramics and metal oxides and has added
benefits of increasing thermal stability 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 coated with resistive
or inductive material in order to perform these functions. Improved adhesion to
these materials and enhanced thermal stability are important features of the
invention. Processes for imaging and generating clearance holes and other circuit
20 features using photoresists and chemical etching techniques are well known. The
passive elements may then be embedded into the printed circuit board of an

integrated circuit package by standard lamination techniques.

25 SUMMARY OF THE INVENTION

The invention provides an electrically conductive substrate comprising a copper

foil having opposite surfaces, wherein one or both of the opposite surfaces have



WO 03/ 030186 PCT/ US02/ 29151 optionally been subjected to a el ectrochem cal
polishing treatnment, a nmechanical polishing treatnment or a roughening

t r eat mrentwoan@3@ssé ayer of ni ckel each of the opposite surfPaexramso2/®iThe
invention also provides a process for producing an electrically conductive
substrate conprising formng a copper foil having opposite surfaces;
optionally subjecting one or both of the opposite surfaces to a

el ectrochem cal polishing treatnent, a nechanical polishing treatnment or a
roughening treatnent; and depositing a |ayer of nickel onto each of the
opposite surfaces. 10. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT An
electrically conductive substrate is provided conmprising a copper foi

havi ng opmtioheley kegn puhieosed tajaetesirachsmacabpolishing tisptmenb a grp@ag sur f aces

have option sfn¥1 2 t%%ﬁ%r%%%@%h%g tltthn%nF LBEL I Lg&f‘tﬁ%&@ﬂ el t)f §Ri ng treatnent,

a nechanlé%1 OF I 'sh a ‘roughening treatnment; and a | ayer
of ni ckel @@@hﬂ&ﬁu&b& opposite surfaces The first step in the process of
the invention is to produce a netal foil, preferably 20 copper, by either
el ectroplating onto a rotating drumor by rolling a copper ingot wth
subsequent TanRealHoR%iso ? 'a@gocte% ﬁ)Pﬁt’OHﬁWﬁé‘éﬂ é?ébtrl&h? chiffudtiveopper foil”

i ncl udes copper or copper and may i nclude copper foils containing
zinc, br asdbstratécongjsing fokmaing aabppﬂr rﬁcuhlnavmgeuppb%twusfac@al optionaly, gol d,

S|Iver titani ym and nat i on t hi ckness of the
copper foi Fr“% E}ng/%‘?*expré’gﬁ’;%l&%er%pﬂ@‘%et %‘rtg%leé e ﬁéllsﬁftf E?%%calapplllSEm%t ion. In a
preferred @égﬁﬁglitn@ﬂ%@hahf&@l Mﬂﬂﬁ% tredt@icht difa&o@h%ﬂﬁhg&eﬁﬁﬁm@ﬁné rom about 5 pm
to abaout 50 m is well 'know produce copper foils by

eIectrodep@$pmhngabwgué§@é@lm@memﬁﬁéﬂ@ﬂW@aﬁﬁﬁbﬁ%§§
10
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

An electrically conductive substrate is provided comprising a copper foil having

opposite surfaces, wherein one or both of the opposite surfaces have optionally
15  been subjected to a electrochemical polishing treatment, a mechanical polishing

treatment, or a roughening treatment; and a layer of nickel each of the opposite

surfaces.

The first step in the process of the invention is to produce a metal foil, preferably
20  copper, by either electroplating onto a rotating drum or by rolling a copper ingot
with subsequent annealing. According to the.invention, the term “copper foil”
includes copper or copper alloys, and may include copper foils containing zinc,
‘brass, chrome, nickel, aluminum, stainless steel, iron, _gold, silver, titanium and
combinations and alloys thereof. The thickness of the copper foil may vary
25  according to each particular application. In a preferred embodiment, the copper
foil has a thickness of from about 5 pm to about 50 pm. It is well know to

“ produce copper foils by electrodeposition processes. One preferred process



3 WO 03/030186 PCT/ US02/ 29151 includes el ectrodepositing copper froma
solution of a copper salt onto a rotating netal drum The side of the foi
next to tweodmsnsé s typically the snoboth or shiny side, WaTIEs02/EsDt her
side has a relatively rough surface, also known as the matte side. This
drumis usually nmade of stainless steel or titaniumwhich acts as a 5

cat hode and receives the copper as it is deposited fromsolution. An anode
is generally constructed froma lead alloy. A cell voltage of about 5 to
10 volts is typically applied between the anode and the cathode to cause
the copper to be deposited whi | e oxygen is evolved at the anode. This
copper foil noved fro t he run1 | ectrop] ated foil is avail able

from Qak- Ml@%%ﬁesaec g?%ﬁkna:%ﬂppe TofR a RP vﬂon qoeaeréa B 3181E0%; | abl e from
Ain Brass o f@sh. @hé Qe oﬂthé FdiOhet to tﬁeeruawsft%%%g{de ol & dhigan be

nodi fied to enhance the performance of passive dévice. If a
rougher sursidecehilsthe ether sidelhdsa rektvey raugh avdtfass] aso kn‘owntals eheemhtm:l ded passive

material to.the,fojl or t e a h si n.of rlnted circuit
substrate t§° fFé“Sf‘JcSWP 1S Y5 Bflal?ﬁ? ‘#g;f" @8356‘&8 enhanci ng
treat ment Ieam@e il rebepved itle coPﬁEr%E' ltrm&ep%@ﬁéﬂefr&ﬁ s@m&ﬂ he& armepsr ormt er for
the foil. Inthis regard, a eatment of either nickel or copper nodul es

can be appEenesaly eonairyckadriram a fralalley.dé selboltage of ghdut 5 enk0 valtsgheni ng
techni que Eﬂ%gﬂ@%@@%ﬁtgkﬁ%ﬁ | bl %Fhﬁe GROR!H LA eﬂ%ﬁéan gules of a netal

or ‘alloy s nlc Increasé a © the foi

Such may belep@ﬁtedmztz}ﬁré oaggrisevivddait thd. abodd altanEappér, fbil Ts tBeienfoved 9, 230 or
3,857,681 which are incorporated herein by reference. The nodul es nay

range in s ?hreélﬁ‘in&bgl?ﬁn%at?ﬁ foilgs ﬁ@d’é@letf@nhgélﬁi\’h@@@fHﬁoé’fclilFﬁH%es or nore
prefergply N ¥ORMRE U(Sppépls T 5Bl %)llh%rgsg%TtEa%tsgltéﬂ, giiipbigches.

The surfaces of the foil can be modified to enhance the performance of the
embedded passive device. If a rougher surface is required to assist in adhesion of
the embedded passive material to the foil or the subsequent adhesion of the

15  printed circuit substrate to the foil, the foil may be pre-treated with a bond
enhancing treatment known in the art, which may serve as an adhesion promoter
for the foil. In this regard, a treatment of either nickel or copper nodules can be
applied to either or both sides of the foil. One roughening technique such as by
electrolytically depositing micro-nodules of a metal 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 whieh are incorporated herein by
reference. The nodules may range in size from about 40 microinches to about 200
microinches, or more preferably from about 40 microinches to about 150

~ microinches.

25

The surface microstructure of the foil is measured by a profilometer, such as a

Perthometer model M4P or S5P which is commercially available from Mahr



25 The surface mcrostructure of the foil is neasured by a profiloneter,
such as a Perthoneter nodel MAP or S5P which is commercially avail able
from Mahrwo43M183/ 030186 PCT/ US02/ 29151 Fei npruef Cor poratriusn2/zfis1

C ncinnati, Chio. Topography neasurenents of the surface grain structure of
peaks and val |l eys are nmade according to industry standard |PC TM 650 _
Section 2.2.17 of the Institute for Interconnecting and Packaging Crcuits
of 2115 Sanders Road, Northbrook, Illinois 60062. In the 5 neasurenent
procedure, a neasurenent [ength Imover the sanple surface is selécted. Rz
defined as the average maxi num peak to vaI | ey height of five consecutive

h ngth Im(where To is Imb5). Rt
P e vt RGeS barmiztioh AE Gty OO, FaScienky SR BERTRRON BET ar d) o1 ance
bet ween t hguith@h®sih sBRMlse @f'ﬁeakbé‘nd @é‘l‘l‘%?staré’ ?Hali@é( 3@”13%’[8 nrlcﬂﬁri rfeasur ement 10

length Im Rp is the maxinmum | evelng 'S ght of the _
hi ghest pétardagf {RETM+é0 rﬁ@atmil Ad7b ﬂngthtrstltuw foRdnteroonmvingayd r oughness, is

f th
roughnese Bearei iy ot AU SSETET RV SouRbr RERROULE A ongin 1m  The

par anet er s nedasurementipadsveéure,or medsﬁﬂeﬁlehﬂl%@g‘th ARvaltie BMpAdslrige isThe surface
treatnents carrl ed out produce a surface 15 structure havi ng peaks and

val | eys, whf Eﬁe‘br%ﬁ@t@@eﬁi BUYR AEageyamEmEmeresk ithealley heigltofifizages f [1 om about 1
b 1 n. anot her
te(r)rb(fcj)ldiOlrJrEant Qo é\ﬁe [ nv%lﬁ&qa%ﬁ%@@&gg‘?%ea%u}e%reg@grg%%irﬁ (‘i}fg%f Le 520 required.

For exanpl &p/3apasithomsxinaguionghicheddgtiedril tegrapacpeigentiRulze m ni m zed. In
order to preyent, shorti ng. ﬁf th?( el ectrodes, it js desired that the surface
be as dleance between the Highest peak and the lowest valley within the measurement
10  length Im. Rp is the maximum leveling depth and is the height of the highest

peak within the measuring length Im. Ra, or average roughness, is defined as the

“arithmetic average value of all absolute distances of the roughness profile from

the center line within the measuring length Im. The parameters of importance for

this invention are Rz and Ra. The surface treatments carried out produce a surface

15 structure having peaks and valleys, which produce roughness parameters wherein

Ra ranges from about 1 to about 10 pm and Rz ranges from about 2 to about 10

pm.

In another embodiment 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 shorting of the electrodes, it is desired that the surface be as
smooth and free of defects as possible. Techniques to accomplish this are
electrochemical or mechanical polishing. A smooth surface may also be required
for resistors to help insure uniformity. Mechanical polishing may be conducted

25  according to the techniques described in U.S. patents 5,688,159 or 6,291,081
which are incorporated herein by reference. Electrochemical polishing may be

.conducted by submersing the foil in a copper pyrophosphate bath. A current is



snooth and free of defects as possible. Techniques to acconplish this are
el ectrochem cal or nechanical polishing. A snooth surface nay al so be
requi red wbes/osmE8é stors to help insure uniformty. Mechanipcaluspwbdishi ng nmay
be conducted 25 according to the techniques described in U S. patents
5,688, 159 or 6,291,081 which are incorporated herein by reference.

El ectrochem cal polishing may be conducted by subnersing the foil in a
copper pyrophosphate bath. A current is 5 W 03/030186 PCT/ US02/29151
applied in such as way as to nake the foil anodic. A suitable current
ranges from about 0.2 anps/cnR2 to about 2 anps/cnR for from about 10
seconds to about 1 mnute. The copper will effectively de-plate on the
peaked ar eapplied in sushfapivey anig make slemieil gpedic.s fopritable Sursent san8es HOMni ckel | s

appl i ed ont.0 h sides,of th o] 2k Qicl 1 f electrically
conductived§wfgéfﬂﬂggm& %mﬁwgﬁénggéeéggke %PQQ?&QP%%¥3%%¥ﬁﬂ}cke| or a

ni ckel al | @mute Amelcbpen &vil0tikativerpdalpitsorcthe psaked aras b tas foil andr omre,

al um num stainless steel, iron, gold, silver, titanium and conbi nations
and al | oysbechgeangre smooththe ni ckel |ayer may be applied to the copper foi

by any gonventional met hod such as by el ectrodeposition, electroplating,
sputtering or electroless plating. In a preferred enbodi nent, the nickel

| ayer 1 s dapesrbédicksl ichmtitd acte pothisideat theldoppertfhil akthersby fafmtahe ni ckel | ayer

embod, ment SeqHEA R GoROKCTN Egtete s T ErkE RHEREe b BB BUREO m 1o 15
From about "B TG R B g Vart s
ni ckel , anstaiatpsesad, kol, goidosilver, titAngialand gpmbinatians and alieys theodr i de and bori c
acid Orlo ot Jfﬁ‘é nickel layer may be applied to the copper foil by any conventional method

such as by electrodeposition, electroplating, sputtering or electroless plating. In a

preferred embodiment, the nickel layer is deposited by electrodeposition. The

thickness of the nickel layer may vary according to each particular application. In

a preferred embodiment, the nickel layer has a thickness of from about 0.1pm to

15  about 5 pm, preferably from about 0.2pm to about 2 pm, and most preferably

from about 0.4 p to about 0.6 p. This can be accomplished using Watt’s nickel, an

aqueous solution of nickel sulfamate, nickel chloride and boric acid or other

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

Plating times and current density will vary with chemistry and desired deposition

20 thickness.

The inventive electrically conductive substrate comprising a copper foil applied
on each side by a nickel layer is useful for the fabrication of electrodes and
passive electronic devices. Such planar passivé devices are to be embedded in

25  printed circuit boards or integrated chip packaging. These devices are produced
by applying a suitable additional layer onto the nickel. The nature of the

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



commonly known plating solutions in conjunction with a sol uble nickel
anode. Plating tinmes and current density will vary with chem stry and
desi red dwpmsiosiiemn 20 thickness. The inventive el ectri calPCy/usonziust i ve
substrate conprising a copper foil applied on each side by a nickel |ayer
is useful for the fabrication of electrodes and passive electronic

devi ces. Such pl anar passive devices are to be enbedded in 25 printed
circuit boards or integrated chip packagi ng. These devices are produced by
applying a suitable additional |ayer onto the nickel. The nature of the
addi tional |ayer depends on whether a capacitor, resistor or inductor
device is to 6 VK)£3/030186 PCT/ US02/ 29151 be produced. In order to form
one of the PSPEPBIGEHt i oned passive devices, after the thin nickel |ayer of
appropriate thickness has been deposited on the copper foil surface, an 5
additional layer may be applied to one or both nickel |ayers. The

conposi t i ordn ofder tchfosm oay ef thevaforentbationad passivddeviaencfteothe thin eickelapaci t or
resistor or_inductor.. Suitable ddi tional, | ayers may.be conposed of a
metal, a pomshetPrRoreia Rt has i 1onat kR EoREGY OURHRG BT bot h of ¢ he
ni ckel lsay@Hgitiofdl9ayRl fia§bE 8hIRBIE e bofUiidi@Plagerk Orhefc@fpbifod Huctors is

Ni Fe. Materials suitable for form ng capacitors 10 non-exclusively include

t her mopl astthie lgyer yitedeseraviep theBingigeet-¢.i cABROFON. yerniar os irstcton Sugpdsi es,
pol yi m des,_.Tef I [ [ {. polyner.coated sheets are
attached t88%@8@?q?@?ﬁﬂﬁg&a%§§%%ﬁf§ﬁ%§¥ﬁt%Bﬁgﬁgé §a3 “Ni'ckel coat ed copper

and the di ebmbéinationgthéreofon diabebotilof tHealidbElhy@enOnResfesict iRelaement s can be
produced by jornin% a layer of nickel phosphorous alloys as described in
g

U.S. 15 PafSeiRbINGT Iagngaginduaiors (5 Niker Makarials sudable frvermibg eapacitgsy be f or ned
by fornyng nBn-exclusively include thermoplastic polymers and thermosetting 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 polymer material therebetween. Resistive elements can be

produced by forming a layer of nickel phosphorous alloys 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 may be
formed by well known electrodeposition processes using an electroplating
solution including solid non-conductive particles and a conductive metal ion that

20  forms a conductive metal upon electroplating. The conductive metal used in the
resistive material and/or in the conductive metal layer of the layer foil material of
this invention may be any metal, metalloid, alloy, or combination thereof that is
able to conduct an electrical current. Examples of conductive metals that are
useful as the conductive metal or alloy in the resistive co-deposit material include

25 one or more of the following: antimony (Sb), arsenic (As), bismuth (Bi), cobalt

| (Ce), tungsten (W), manganese (Mn), lead (Pb), chromium (Cr), zinc (Zn),
palladium (Pd), phosphorus (P), sulfur (S), carbon (C), tantalum (Ta), aluminum



uniformy dispersed |ayer of an electrically resistive conposite materi al
conprising a conductive material and a non-conductive material. Such may be
formed bywaaBlo3dsown el ectrodeposition processes usi ng anPelraspr/zgbat i ng
solution including solid non-conductive particles and a conductive netal
ion that 20 fornms a conductive netal upon electroplating. The conductive
nmetal used in the resistive material and/or in the conductive netal |ayer
of the layer foil material of this invention may be any netal, netall oid,
all oy, or conbination thereof that is able to conduct an el ectri cal
current. Exanples of conductive netals that are useful as the conductive
metal or alloy in_the resistive cp-deﬁﬁsit mat erial include 25 one or nore

of the fol (4\iFRy: (Fahiitenygm TDsghromiyms @UBUNARY), tih{Sapmpickel @), sil@bal t  (Ce) ,
t t i j Zn),
ol ads am {oty FROGRBERE ., iecoh 838, etels SOl il fg be ol 150 1y

al umi num 790 LBYO3DdRGr ROTE S024RSe-5dentified yonductive niderjalg ortaani um (Ti ),
chrom um atj nu Pt), tin (Sn ni.ckel. (N.), silver (Au), and copper
(Cu). The E{S‘F&i’@éf’ %erﬁef%ﬂesorgwae éﬁtp%ﬁ’zl%ovﬁﬁ‘}e : ﬁgécwuﬁtﬁ’&éﬂgﬁ Prom al I oys of
one or EOr g &k, Nog-RRQYEivE ARk the ¢ONANE LbMBosiR hRfdrAl S betanyp! Ural ity of
| ayers of oné or nore of the above-identified conductive netals or 5

al | oys. Nonercosrdiuctivematarialdhat gansbe gombieedrveigh & eanductivgmprialite eiveat eri al s may

b - duct i i,al . that b nbi ned wi duct i
metal o ghyaigoren G hEmi e v P LR R B e uSRO 1 ) cyer 14

i's preferrgshdub@e hb@rifada paaOdate hiawgianhbedande evenlpdiggariddcul at e materi al
t hat can be evenly dispersed throughout the resistive foil material. Such
parti cul at Swerghent te sesishive fpdlanajerial apech prgriGydate mpteripls dnclude bt &P oxi des,

o R R gy er o
: conductive materials. It is more preferred that the particulate non-conductive
materials are selected from boron nitride, silicon carbide, alumina, silica, platinum
oxide, tantalum nitride, talc, polyethylene tetra-fluoroethylene (PTFE), epoxy
powders, and mixtures thereof. The additional layer may be applied by
15  using any suitable technique non-exclusively including sputtering, chemical vapor
deposition, combustion chemical vapor deposition, electrodeposition such as
electrochemical deposition (plating), electroless plating, sol-gel process, coating
such as roll coating, screen printing, dispensing, lamination and spraying.

Preferably the additional layer 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 electrodepositing copper from a solution of a copper
salt onto a rotating metal drum, or by rolling a copper ingot with subsequent
25  annealing;
b) optionally treating one or both sides of the foil with a mechanical polishing

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



materials are selected fromboron nitride, silicon carbide, alum na,
silica, platinum oxide, tantalumnitride, talc, polyethylene

tetra-fl wooenvbybene (PTFE), epoxy powders, and m xturespcharseytoisiThe
additional layer may be applied by 15 using any suitabl e technique

non- excl usi vely including sputtering, chem cal vapor deposition,
conbusti on chem cal vapor deposition, electrodeposition such as

el ectrochem cal deposition (plating), electroless plating, sol-gel process,
coating such as roll coating, screen printing, dispensing, |am nation and
spraying. Preferably the additional |ayer has a thickness of from about

.01 to about 25 20 microns. The fahrication.of electrodes would involve the
steps of: &) °Hi®a Xm&f&mg%%%rfboﬂb?l{iesﬁ the ’ggg’b’ﬁgé‘iﬁ%@ie?“i‘% Olcopper from a

sol ution Ohu%h&ﬁ&ﬂﬁmmﬁﬁﬁ&nﬁwﬁﬂeﬁs&RE@&&H&xHE%%‘ drum or by rolling a
copper ingot wth Subsequent 25 annealing; b) optionally treating one or

bot h si. des dpfoating aflayer ofvnickel an neetrahoitticsilespdithesdopnper foily eat ment or a

rougheni ng {reat.ment suc s a. bond enhanci &y%a er of .nodules; 8 WO
031 030186  ALOLEB AT Hed Fosgi ARteal Y RABls oy PR e AP A PR M des of ¢ he
foi | bysel @gtddasldeMnfAdither sid@sipdhicidl coRed SdppBidfoll0 | mprove its surface
snmoot hness; d) coating a |layer of nickel on one or both sides of the copper

foil; e) applyinggcuingonperrabeg thasmbeddednassiveanaterial pamieded;or forming a

resi stor, i.tor (. J.nductor, . ither side of the nickel coated
copper foi%?%ﬁﬁwhgﬁPﬁgﬁg%ﬁﬁ?%ﬁ‘%?“%Hﬁ%ﬁ@?ﬁg t he enbedded passive materi al
as needed; g¢g) applying an electrode to the device if required. The

L ol | owi ng maBfblidwihi AGh-EMAIY REemBRE Yevd 10 iilhdtiasd thaleehtht®. weEEe on. It will
e
10  appreciated that variations in proportions and alternatives in 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 EXAMPLE 1

A 35 rﬁicron electrodeposited copper foil, witﬁout adhesion promoting treatment
(structural or chemical) is run through a plating bath having the following
constituents; nickel sulfamate, nickel chloride and boric acid where the

‘20 [Ni] = 80 gpL, [Cl] = 8 gpL and B = 6 gpL.. In the plating tank is a soluble nickel
anode. A current is applied to the foil to yield a CD = 50 ASF. The current is
applied for approximately 10 seconds resultirig in the deposition of nickel layer
“with a thickness of ~0.5 microns. The nickel layer is then coated with a 7 micron
layer of a polyimide resin. A liquid polyimide resin is'adjusted 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 dispensing system and a film
of approximately 50 microns is applied to the shiny side of the moving foil using

.gravity and the liquid polymer viscosity as dispensing forces.

9



10 appreciated that variations in proportions and alternatives in elenments

of the conponents of the invention will be apparent to those skilled in
the art awo oans18e t hi n the scope of the present inventi oRCTABIEXAMPLE 1 A
35 micron el ectrodeposited copper foil, w thout adhesion pronoting

treatment (structural or chemical) is run through a plating bath having
the following constituents; nickel sulfamate, nickel chloride and boric
acid where the 20 [Ni] = 80 gpL, [C] = 8 gpL and B = 6 gpL. In the plating
tank is a soluble nickel anode. A current is applied to the foil to yield
a CD = 50 ASF. The current is applied for approximtely 10 seconds
resulting in the deposition of nickel layer wth a thickness of -0.5

m crons. The nickel |layer is then coated with a 7 mcron |ayer of a

pol yi mi de reab&tor Kladd §'4ldsROtYIBIRE a RS filln bBaRdji Qo0 SOl 1 ds, a 25
viscosity of abgﬂtazo 0 Oscenﬂyg%sea mnﬁ hfﬁ%?ﬁ%ﬁ%ﬁ??%ﬁ?%gke in a

st ai nl ess gewdling lmmﬂax@lwalmpoﬁh@hqangw dne(dmommwf lorin itdclseppifiabaitt 0 a
dispensing qsten1 cro s is applied to the

shi ny o1 de o] TRy seRgnves ot RETREHLRY Jotlng of e et By mer
Vi SCosi tsy afaifliafiie8 0hithOudsREf@Side 8 tﬁ@d&%éﬁﬁ%&@ ninkhiHeQ8h4E 51 A doctor

bl ade is adjusted to produce a wet filmof 43 mcrons in thickness,

resul ting iftexible campasite fidm thidaiessand avilmdreg ofinciulegairyrbbles. i | m i n t hi ckness
of about 7.6 microns. A continuous |iquid head height and vol unme of danmed
material is 5 maintained on the upstream side of the doctor blade to

mai ntai n a Thensivent is chdpewitdd & arthepolymeif it buel i skowasAamd caattd | m free of
included air, bubbles. The solvent is evaporated off and the polyner is
cured i n arfoibliss enigss theavenpa @iial tegiperafyre diopshewd be ariécipaiash Onga™ i niti al

tenper afaur %teqa)? Qtat%qglﬂl)&a‘gaf‘es AU defiie DA i the cgéﬁ,eﬁlm 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.
Adjustments to the rate of polyimide dispensed and or doctor blade height over
the foil are made based on this measurement. This process 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 inches of mercury. A parallel plane capacitor is
formed with a capacitance of 0.2 picofarads and a peel strength of 8 pounds per
inch.
20 ‘
EXAMPLE 2

A structure is formed similar to that of Example 1 except BaTiO; is 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



10 steady state tenperatures are achieved in the oven, filmthickness is
checked by taking a foil sanple and conparing the coated weight to the base
wei ght ofwohe/03(18é | usi ng the polyi m de density to conver tPCirrusm/aasght to
filmthickness. Adjustnents to the rate of polyimde di spensed and or
doctor bl ade height over the foil are made based on this neasurenent. This
process is repeated until the 15 desired filmthickness is attained. A
capacitor is fornmed by lam 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 picofarggzﬁigﬂgz;ﬁeel.strgngth of 8 pounds per inch.
20 EXAMPLE 2 A structure is PHPPBRAURYe hat of Exanple 1 except
BaTi O3 is added to the resin at a ratio of 50% by wei ght yielding parallel
pl ane capacitor of 1.2 25 picofarads and a peel strength of 6.5 pounds per
inch. 10 \isapploBbrasand Bxespopyinal gctrodepoaivg] epper 00 mptirmtricke) Exanple 1 is
repeated e t Lhe. deposite opper foil w th no. nickel |ayer.
The resul t?%gsjih;éarlé u%n? Sgri%é‘lj;“%g ' ggsp%?%%}egp I%B? 8??@016(56&(}? BiFogady o pi cof ar ads
5 but has aupksla sl angpth offlesk 898 210a0nd fr pRUNdS per inch. EXAVPLE 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 copper foil using thegspiprgel Process. The slurry is dried and
annealed at 600 Cto yield a R

The foil of Example 1 is produced, except one side of the copper foil is also plated
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 layer of 300 to 900 nanometers. A top electrical contact is
applied by sputtering on a nickel layer to which copper is electrolytically plated.
The resulting capacitor has a capacitance of 100 to 500 nanofarads/cm?.
15
EXAMPLE 5

rThe foil of Example 1 is produced, except a nodular treatment of copper is applied
to the shiny side of the foil. The nodule treatment is tﬁen coated with the nickel.

20 To the nickel layer, a thin layer of platinum is applied using combustion chemical
vapor deposition. The thickness is betweeﬁ 50 to 300 nanometers. This provides

resistors having a resistance of from 200 to 1200 ohms/sq.

EXAMPLE 6
25

The foil of Example 4 is produced and a ceramic paste containing silver particles,
commercially available from Dupont, is screen printed onto the nickel surface.

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

11



high dielectric constant |ayer of 300 to 900 nanoneters. A top electrical
contact is applied by sputtering on a nickel |ayer to which copper is

el ectr ol ywpmalosoasgpl at ed. The resulting capacitor has a capaaisbazast of 100
to 500 nanofarads/cn2. 15 EXAMPLE 5 The foil of Exanple 1 is produced,
except a nodul ar treatnment of copper is applied to the shiny side of the
foil. The nodule treatnent is then coated with the nickel. 20 To the nickel
| ayer, a thin layer of platinumis applied using conbustion chem cal vapor
deposition. The thickness is between 50 to 300 nanoneters. This provides
resistors having a resistance of from 200 to 1200 ohns/sq. EXAMPLE 6 '25

The foil of Exanple 4 is produced an ceranm c paste containipg silver
particl es, ! qrigl) eé@ﬁﬂWﬁHﬁ@“ﬂIBﬁWBEHBWF@dP§m§@P€%WI Wpﬁfed onto the

ni ckel sur f@eiass 1dHoPmHROES. Ths cbR it {E‘éﬂ}oﬁfbﬂ%@ﬁ%ﬂrﬂarﬁel&ﬂu@é&l p&pRerature oven
at 400 Cto forma 11 WO 03/030186 PCT/ US02/29151 resistive material. The

resi stive nand éoighe rgsistdien | ami nated onto epoxy reinforced fiberglass to
forma core. This core is then patterned to forman electrical path to and
fromthe resistor. 5 Wiile the present invention has been particularly

h d ibed with ref t f d ' , it will b

Fead! |y SapdPa e BiFsty irpbE B BeGTea RO SnfIBRIARE hat vari ous

changes angefsReid loGRéfeROBeBMiREtRARI] Béfiréef&lﬂﬁta{)ﬂ@&%& biithobs &M the spirit
a

and scope of the invention. It is intended that the clains be interpreted
to cover t ioedienry skilgetheatobali viseipis, cheirass anchnpdifinatiang ey bk intide

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 which

10  have been discussed above and all equivalents thereto.

15
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10 have been di scussed above and all equivalents thereto: 15 12 WO

03/ 030186 PCT/ US02/29151 What is clained is: 1. An electrically conductive
substr at ewo®n08iG186¢ ng a copper foil having opposite surfa®ex/usenzgi n one
or both of the opposite surfaces have optionally been 5 subjected to a

el ectraochem cal polishing treatnent, a nechanical polishing treatnent or a
roughening treatnent; and a | ayer of nickel each of the opposite surfaces.
2. The conductive substrate of claim 1 wherein one or both opposite
surfaces of 1o the copper foil have been subjected to a el ectrochem cal
polishing treatnment or a mnechanical polishing treatnment. 3. The conductive

substrate q&h&Hg&nb%bwherein one or both opposite surfaces of the copper
foil have beén suBJec & to a roughening treatnent. 15 4. The conductive

substrate of claim1l wherein one or both opposite surfaces of the copper
foil have been provided with cogper or nickel nodules. 5. The conductive
substrat e df Aglekctricllykerdiciive fyesteatgearrTisBigla dogperfoil havied enpositdeposi t ed

COPRET 101 s TR ATALEL LN PRSI BEuBEcELALT Ay it L copper foi)

is arolled an anneal ed cop V2 substrate of

cl ai m 1 swhenkjectedtiea electhohdmioppotistieg seathaaesmethanicAepdtigpagr foil have been
provi ded with copper or nickel nodul es rangingkin size from40 to 200

mi cr oi nchedteatment or a roughening treatment; and a layer of nickel each of the opposite

surfaces.

2. The conductive substrate of claim 1 wherein one or both opposite surfaces of
10 the copper foil have been subjected to a electrochemical polishing treatment or a

mechanical polishing treatment.

3. The conductive substrate of claim 1 wherein one or both opposite surfaces of
the copper foil have been subjected to a roughening treatment.

15
4. The conductive substrate of claim 1 wherein one or both opposite surfaces of

‘the copper foil have been provided with copper or nickel nodules.

5. The conductive substrate of claim 1 wherein the copper foil is an

20  electrodeposited copper foil.

6. The conductive substrate of claim 1 wherein the copper foil is a rolled and

annealed copper foil.

25 7. The conductive substrate of claim 1 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.

13



13 WO 03/030186 PCT/US02/29151 8. The conductive substrate of claim1
wherein one or both opposite surfaces of the copper foil have been provided
wi t h coppwo oaw3mBekel nodul es ranging in size from 40 toPCHWSH/2916i nches.
5 9. The conductive substrate of claim1 wherein one or both opposite
surfaces of the copper foil have been polished to a snoothness of about 10
m croi nches or less. 10 10. The conductive substrate of claim1 further
conprising an additional |ayer of a netal, a polynmer, a ceramc or

conbi nati ons thereof on at |east one of the nickel layers. 11. The
conductive substrate of claim1 further conprising an additional |ayer of a
15 netal, a polyner, a ceram c or conbinations thereof on both of the

ni ckel layers. 12. The conductive substrate of claim 1 further conprising

an addi ti orgalhé egtrluctife sabstraBSs Seldin, 1 WigpES bh®br Bth bpishdfd Qrfab&dF ng materi al
on at |east one of_ the nickel |ayers. 20 13. The conductive substrate of

clai m 1 whdbssorppeatl kg lesen pegyided vitheapperonniskelawdulestangingin sibout 0. 1m t o
about 5 m gld 4d\NPIRGERDHil@Es Produci ng an el ectrically conductive substrate
conprising ftormng a copper foil having opposite surfaces; optionally

subj ectbng one or both 25 of the opposite surfaces to a el ectrochem cal

polishing treatnent,.a chani cal. polishing treatnent, or a roughening
treat ment ; 5 ﬁ %05‘58%9‘{% SHosttg %ff@aﬂmﬁfwweeﬁeve ot oRpeeiie Brtacgselopposit e

surfaces. I MbbQION NS REIHIPR LRodthness of about 10 microinches or

'

less.

10 10. The conductive substrate of claim 1 further comprising an additional layer of a
metal, a polymer, a ceramic or combinations thereof on at least one of the nickel

layers.

11. The conductive substrate of claim 1 further comprising an additional layer of a

15 metal, a polymer, a ceramic or combinations thereof on both of the nickel layers.

12. 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.

20 13. The conductive substrate of claim 1 wherein the nickel layers have a thickness

of from about 0.1um to about 5 pm.

14. A process for producing an electrically conductive substrate comprising

forming a copper foil having opposite surfaces‘; optionally subjecting one or both
25 ofthe opposite surfaces to a electrochemical polishing treatment, a mechanical

polishing treatment or a roughening treatment; and depositing a layer of nickel

onto each of the opposite surfaces.

14



15. The process of claim 14 wherein one or both opposite surfaces of the
copper foil have been subjected to a el ectrochem cal polishing treatnent or
a mechaniwalo3/opaBé shing treatnment. 5 16. The process of clpairmstz2aubker ei n
one or both opposite surfaces of the copper foil have been subjected to a
roughening treatnent. 17. The process of claim 14 wherein one or both
opposite surfaces of the copper 10 foil have been provided with copper or

ni ckel nodul es. 18. The process of claim 14 wherein the copper foil is an
el ectrodeposited copper foil. 15 19. The process of claim 14 wherein the
copper foil is a rolled and anneal ed copper foil. 20. The process of claim

14 wherein one or both opposite surfaces of the copper foil have been
provi ded with copper or nickel nodules ranging in size from40 to 20 200

m croi nched . Plie probess pf daias $4 aherinanBbdBothBEFRitE s@RReOST tROLJppePPOSI t e
surfaces of.,ﬂe ﬁ%gger_ fé&ﬁ have been Proylded W th copper gr ni ckel

nodul es randt AG'S Sublecteddmastpcirecheming! palishipe inshigeent o5 mechaiiog pr ocess of
claim 14 gﬁgﬁﬁgﬁggﬁngﬁ.both opposite surfaces of the copper foil have
been-pol i shed to a snoot hness of about 10 microinches or less. 15 WO

03/ 030186 PCT/ US02/ 29151 23. The process of claim 14 further conprising
deposi ting of., a netal, a polyner, a ceramc or

addi ti onal .| ayer ol
conbi nat i or%gnpﬁé?r guts zﬁclg{n Y‘g‘é@‘frelB qae o bath apnostik airfaces of the copper

foil have been subjected to a roughening treatment.

17. The process of claim 14 wherein one or both opposite surfaces of the copper

10  foil have been provided with copper or nickel nodules.

18. The process of claim 14 wherein the copper foil is an electrodeposited copper
foil. '

15. 19. The process of claim 14 wherein the copper foil is a rolled and annealed

copper foil.

20. The process of claim 14 wherein one or both opposite surfaces of the copper
foil have been provided with copper or nickel nodules ranging in size from 40 to

20 200 microinches.

-21. The process of claim 14 wherein one or both opposite surfaces of the copper
foil have been provided with copper or nickel nodules ranging in size from 40 to
150 microinches.
25
22. The process of claim 14 wherein one or both opposite surfaces of the copper

foil have been-polished to a smoothness of about 10 microinches or less.

15



layers. 5 24. The process of claim 14 further conprising depositing an
addi tional layer of a netal, a polyner, a ceramc or conbinations thereof
on both oWothhesnsekel |ayers. 25. The process of clai m 12Crursphesisi
conprising depositing an additional layer of a 10 resistor, capacitor or
inductor formng material on at |east one of the nickel layers. 26. The
process of claim 14 wherein the nickel |ayers have a thickness of from
about 0.1 mto about 5 m 15 16

23. The process of claim 14 further comprising depositing an additional layer of a
metal, a polymer, a ceramic or combinations thereof on at least one of the nickel

layers.

24. The process of claim 14 further comprising depositing an additional layer of a

metal, a polymer, a ceramic or combinations thereof on both of the nickel layers.

25. The process of claim 14 further comprising depositing an additional layer of a

10 resistor, capacitor or inductor forming material on at least one of the nickel layers.

26. The process of claim 14 wherein the nickel layers have a thickness of from

about 0.1pm to about 5 um.

15
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