1.3 February 2006 OVt 9 NI CKEL COATED COPPER AS ELECTRODEFehiry FJd8EDDED
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 may be formed using .an electrically
conductive substrate conprising a copper foil having a thin |ayer of

ni ckel on both sides of the copper foil as the primary electrode. 15

- DESCRI PTI ON OF THE RELATED ART Printed circuiit boards are well known in the
field of electronics, and are used for a wde variety of-comercial and
consuner electronic applications. They are useful f@ﬁb?arge scal e
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, televisio el epho st _ il e dashboards and
conputers. They gﬁ§§&€¢5%”%&55ﬁ%ﬁpﬁﬁﬁ9S$E#@§ﬁ%¢ﬁ5€%jgﬂ%ration of airborne
avionics. and guidance SYIBEPBED PRSSHE #AS/@ERa on printed circuit boards
for the nounting of conmponents is becomng a limting formfactor as the
need fSor function and speed increases. Currently, 40+% of the surface area
of conventional PCB's: s gccupied by passive devices, such as
resistors, capacitors ath dNDIF 1] 5

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 peyugaede 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
passi-ve-devi ces 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, . |4 S.0f . [ ncreasing. ther st.abi l.ity, an esi stance to
cheni cal dlé (l)ér)lrgg)gdplhihe%rﬁkeo Ilrgg?cﬁ\%ﬁﬁdo%mg&@ Siﬁa‘%ﬁ %teﬁfzg?‘é@slﬁ?ﬁse can be
separ af edcapyicitorsling] @agddtie compbibmtsieh a8 HAudibrsGad trlafldBsls. TRerdGle aS @
capacitor. The foil can also be coated with resistive or inductive

materi al Yarioys aeailabls tpehwplogies that partinllyi addressshe tesmobngiadl adhesi on to these
mat eri al s_and_enh d ernal stability arge imortant features of the
Thvent | orteaipaRRUERE e AOR(HEn cEbARogkied ProBL b E B MANES and ot her
circuit -Psinvef@énémabled e EbihbA bEplafirpadiieh FHREL fAl may e8I Ng techni ques

are wel | known. The Eassi ve el enents nay then be enbedded into the printed

Ccircuit bwehedded indhe bpdy efp 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

5




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 shlspl t.r eat rrent or a_roughening treatnent; and a Iayer of

ni ckel e%‘?:tf? ?Ot‘bemé@@alﬁohﬁhmgmmmtpmmbhmu@low des a

process g ShEGE L) 1 ve strat corrprj si ng |
formng a copper ?ﬁ © avi ng oaposf{némg a’?“g %ubj ecting one

or bot h eppositessugfapessi t e surfaces, to a el ect rochem cal polishing _
treatment, a nechanical polishing treatnent or a roughening treatnent; and

- depositing a |l ayer of nickel onto each of the opposite surfaces. 10

i e e R Rt Gl RRee™ e o e

_substrate conprising a_cop

bot h sulbstrateecomppissigtfaernsing & aogyser foi havilig 8ppasit Qh@,ﬁ&g%ﬁoﬂm ¢l ectrocheni cal

pQI i shing .treat ment chanl caI polishing treatment rougheni ng.
- treatme W“Fﬁép"@ﬁ tﬂeegmbafmcdfpdihhngopper foil have

been pO&bﬁhﬁﬂ h%&hﬂ?ﬂkﬁmﬁ%r”ﬁ of the o site surfaces. The fast
step in _the process o e | mven rgﬁhfr?r? Pr NS foil,

“yprefe aatieppsiting a Iaycr of nickel onto each of the opposite surﬁc&s

10

DETA]LED DESCRIPTION OF ‘THE PREFERRED EMBODH\'{?ENT:

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

- = mm e 0RO TEEEESD

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

S 20 oopper byextherelecuoplahngontoarotnhngdnnnorbymllmgaeoppermgot ,

- - With subsequent annealing. According to the mvmﬁen, the term copper foil” - |
'. mcludw copper or copper alloys, and may include oapper foxls eontaining zmc,
brass, chmme, nwkel, alominum, stainless steel, iron, gold, snlver, titanivum: and
‘ eombmauonsandalloysﬂleteoﬁ 'Iheﬂnchlwsofﬂleqopperfoﬂmayvmy '
25 aeoondmg to each pMWIar application: In a preferred anbod:meut, the coppep
- '_._‘fadhasaﬂncknm offmmabouts pm to. aboutSOpm. Itis well know'to °
-.pmduoe OOPPﬁ' foils by elecundeposxtlon pmcesses One ptefemed process . . - o

e
i




thickness of the copper foil may vary according to each particul ar

- 20 copper, by either electroplating onto a rotating diqg@@bﬁgwggﬁd@ ng a
~capper ingot w th subsequent annealing, According to the invention, them
"copper fail" includes copperor copper alloys, and may i ncl ude copper
foils containing Vie, Dbrass; cower nickel, alumnium stainless steel,
iron,gold, silver, titaniumand conbinations and alloy thereof. The

application. In a preferred enbodi nent, the cooper foil has a thickness of
from about 5umto about 50 um. It is well know to produce copper foils by
el-ectrodeposition preocesses. One preferred process 13 Febru?ry 2006

| ncl udes jabiaady QERAS kit SRPRFForh hQ Qb it Guth ARBGERS2! L ONLO A
rotating ’ nmet al drum&‘ Tkﬁg&si g ofotﬁeg%ugiloﬁ next 6 tﬁe 'grum_ |Hsl§typ| cally

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

face, . the matte . side. This drumis usually made of
St ai i os s BBEIE S shiShes e vl Faichesoses, lip NBRER bR vos the
copper assidd This SRS uk@&ly hal® it b%eef‘ﬂgﬁ%%gﬂ@bk@%ﬁh%@%ﬁl l'y constructed

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

' j | ' | ved at t de, . Thi foil is then
anoved: SPOY RESHIIE SERE AT o PP ol ARPWebtod ONUCak- M tsul of
Hoosi ck tﬁﬁkf%lﬁaﬁp%g?dgbeﬁveemklaﬁgd&ﬁmﬁé c&&ﬁd@t\l)adallfeqhg chpptftddd N Brass of

East Alton, _
deposited, while oxygen is evolved at the anode. This copper foil is then removed

,‘ﬁ'om- the drum. Electroplated foil is available from Oak-Mitsui of Hoosick Falls,
| 10 N.Y.. Rolled copper is available from Olin Brass of East Alton, Tlinois.

The surfaces of the foil can be modified to enhance the performance of the
embedded passive device. 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 roughenhg technique such as by
el.ectrolyticall'y d_epo'siting.r.n.icro—lnodules of a metal or alloy such as copper or.

- 3 20 nickel anci’ increase adhesion to the foil. Suéh may ble conducted éccording to
U.S'.j patents 6,1 17,300; 5,679,230 or 3,857,681 which are incorporated herein by
reference. Tﬁe nbdﬁlés‘ may réng’e in size from about 40 microihches 1o about 200

| microinches, or 'mbre-preferabiy from ab_out 40 miqfoinches 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 .



5 measurenment procedure, a neasurenent |ength hm ove

The surfaces of the foil can be nodified to enhance the3pepfiaryadtee of the
enbedded passive device. If a rougher surface is required to assist in
adhesi on of the enbedded passive material to the foil or the subsequent
adhesion of the 15 printed circuit substrate to the foil, the foil maybe
pre-treated with a bond enhancing treatnment known in the art, which my
serve as an adhesion pronoter for the foil. In this regard, a treatnent of
ei ther nickel or copper nodules can be applied to either. or both sides of
the foil. One roughening technique such as by electrolytically depositing
m cro-nodul es of a nmetal or alloy such as copper or. 20. nickel and

i ncr ease RMREEMorp6ratibe of QidcinnalCONBR - - fEgimg to U S

pat ent.s 6,117,300;%gf679,230 or 3,857,68 O%ﬁ?gﬂﬁgggu?ﬁ%gégg@gted herei n by

1 ef er enc Surfpregddtretireaf peaks gad valleys ar hademcadrding td@ndustty oi nches t o about

200 m crgQj ‘ ¢ referably from about 40 nm croi nches to about
150 m cr osl?‘%lc %2@% C’E@f'#ﬂ@ S%ﬁ(??rh%g' 121°é¥‘b“s‘5’?‘&8fﬁff”éi‘6?m?%°%ﬁ qud; o measured by
a profi| guekaing CHUGHs #2125 SRRALE RBBE NoriiA6dk, MR bo&er mhheh s

- comercially available from Mahr 4 13 February 2006 Fei npruef Corporation

of G Aci MArAstreeht procqbipegrmpasyremeat lengthelnt ovapfthe samplssnfage s grain
structure_pf. aks .and val |l eys are made agcordi.ng t.o industry standard

| PC- TM_'6§6%§§8‘F Fz&r‘i’%?‘?fi%’.%e SRS MARES th’Fil?ngﬂ%glE&%%é’Eti ng and
Packagi ngofidcativd sanfling 1Mt AR AR thERRa5ur R MLk pbl'léré fpiss 60062. In the

_ > the sanple surface is
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 igventi'on é:re Rz and Ra. The surface treatments camed out produce a surface
15 | structure having peaks and valleys, which producc roughness 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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selected. Rz defined as the average maxi num peak to Vahb?%bﬂ%ﬁ&%%MOf five
consecutive sanpling lengths within the neasurenent |length Imi(where lo is
im5). Rt is. the maxi numroughness depth and is the greatest perpendicul ar
di stance between the highest peak and the | owest valley within the
measurenent 10 length Im Rp is the maxi num|eveling depth and is the

hei ght of the highest peak within the neasuring length Im Ra, or average
roughness, is defined as the arithnetic average value of all absolute

di stances of the roughness profile from the center line within the
measuring length Im The paraneters of inportance for <this.invention are

Rz and R he ' f 15 :
St r ot ur e RLOK REMIhRE el RER ARG B 8L o DA BB S oR Bl i o

wherei n  d&mut A2gapsichdno abai R ampseniFotifrohQbeaN] PadoE thapaay f rom about 2
to about 10 I n_another enbodi nent of the invention, a snmooth copper surface
may be 207U Jibe sapper il sifagtyely decplpigontthe peaked areps of the foif eadct ri ¢ spaci ng
to be m niJy der to prevent shorting of the electrodes, it is
desired t %Pﬁ?%éorgt%@?%‘e be as snooth. and free of defects as possible.
Technisques to acconplish this are electrochem cal or nechanical.
‘polishing, A snmpoth surface may al so be required for resistors to help

i nsur e unfMeRPtyickelavanplicd antohoth side efthawgpiss feibtbereby fam arc cor di ng ';1 o .
the techni ' ' .S ] f.s 5, 6 Q. 6,.291, 081 whi
 ncor por A AERINEDAIAG llalte TP BIEH Byt Rt ipe e RS b

conduct echitkel alidyyesmprigng bhef Mietald such af SAB Hradky ElnBheSAAIRRat h. A current

. is 51 3 February.. 2006 applied in such as way as to nake the foil anodic.
A suit ab|stRlgss sieel, irosngeld, filverntitanium, 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,




about 0.2 anps/cn2 to about 2 anps/cnR for fron1about1ggel%§ 6t O about
| mnute. The copper wll effectively de-plate on the pedked‘areas of the
foil and beconme nore snmooth. 5 A layer of nickel is applied onto both side
of the copper foil to thereby forman electrically conductive structure.
.The nickel layer preferably includes nickel or a nickel alloy, conprising
. other nmetals such as zinc, brass, chrone, alum num stainless steel, iron,
gold, silver, titanium and conbinations and alloys thereof 10 The ni ckel
|l ayer nmay be applied to the copper. foil by any. conventional nethod such
as by el ectrodeposition , electroplating, sputtering or electroless
pl ati ng. E@ éiugheferred enbodi nent, the nickel |ayer is deposited by
electrodepogigloni The. thickness of the nickel layer may vary according to
- each particular application. In a preferred enbodi nent, the nickel |ayer
‘has a thickness of fromabout 0.1 mto 15 about 5 m preferably from about
- 0.2m t o alsguderdo fpmuent ofidbe afpresiantightd pastive dedibeueftd the thin nickelbout 0.6 g.

aul armat claver e papOpR ek fhfi i a5t B thsteRet BT GREy nown pl at | ng
sol ut isonsadditichaNiayiétahayobe ApliBd B SR dHYoth Mk %geﬁs[‘?ﬂ@comﬂﬁ&ﬂﬂ' times and
current density wll vary with chem stry and desired deposition 20.
t hi cknessthistaecr Wil dptermise dheinetioal.Fycaparitdaoesister suibdudten Suigdipr i sing a
Fabri cat i BRRLIGEs p 8 Mgl Srmdele P et Fsri o tvP 36, Such. pl anar
passi ve d@vibiffions thekddf B oREBEBIR G e rAékePldyBise Dreipr&itirtd RARKES . O -
_integrated chip packaging. These devices aré produced
B ~ suitable for forming inductors is NiFe. Materials suitable for forming capacitors -
BT non-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 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 electroplating
| | _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 N
 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 the conductive metal or alloy in the ;esisﬁye_ oo-d_eposit material inélude
25 oneor n;’dre of the following: antimony (Sb), arsenic (As), bismuth (Bi), cobalt
(Ce), tungsten (W), manganese (Mn), lead (Pb), chromium (Ct); zinc (Zn),
‘palladium (Pd), phosphorus (P), sulfur (S), carbon (C), tantalum (Ta), aluminum

7.




by applying a suitable additional |ayer onto the nickehgpgﬂgaﬂ@gmge of the
addi tional |ayer depends on whether a capacitor, resistor or i'nductor
device is to 6, 13 February 2006 be produced. In order to formone of the
af orenenti oned passive devices, after the thin nickel |ayer of appropriate
t hi ckness has been deposited on the copper foil surface, an 5 additi onal ‘
~layer may be applied. to one or both nickel |ayers. The conposition of
“this layer will determine the function; i.e. capacitor, resistor or
i nductor. Suitable additional |ayers may be conposed of a.netal, a
polymer, a.ceramc or conbinations thereof on one or both of the nickel

I . f At eE |t £.orgiNg: | is.N Fe.
Vet o 1 al SRR FES iR R, Shronibh At 8%, KSR BT $oncr e
t her nopl a@tu)candalopper(Sup MThd dvaduaBehdtalg apballbye htaySilkolbe chSsen

epoxi es, .polyimides , Teflon, and pal yesters. .A pair_ of polyner coated
- |

" sheets In lt’}i%?féﬁepéwq’]%fﬂlﬁQ??ﬁcﬂgelﬁ’@éﬁﬁwll?ﬁv@matﬂﬁ@l%ﬁ@et s of nickel
coat ed C%&%[igem%?%ﬁcﬁh%tﬁé -bf;thggi)% irdeﬂ}ﬁfeﬁ][c'oﬁchuc&it}? {ngegégéémen- Resistive

el enents ‘can ormn ayer of nicke ?)rho'r ous all oys

as descr i dilegls.i NomcGhduthvPmarnialsib thee88BcToMpotiteanhteislanlay beagy st i ve | ayers
- may be formed hy formng_a uniforny dispersed |ayer of an electrically
Tt esi st i va9RAPEUsvE mael that catbmenmtinedywith a sorslvetivemetshtosgivar and a
non- cond LY E. Bt er . RYR6e { d | | _
el ect rodg%gfsulytg?o pit%(giélgcse (ﬂl}SI nglsgﬁe fglﬂgéﬁ?_ogﬁ% r\ié\aﬁeér edé@ﬁ@% TWincluding
sol i d noroadundtice imate@iap B4 pati@ata ihtcdial Materile ey dadpetsed that 20. forms a

-~ conductive nmetal upon electroplating. The conductive netal used in the
~ . throughout the resistive foil material. Such particulate materials include but are :

10  not limited to 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, tantalurln‘ 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;




resistive material and/or in the conductive netal |ayen3ée&biuas 200per foil
material of .this-invention may be any netal, netalloid, alloy, or
coirbi nation thereof that is able to conduct an el ectrical current.
Exanpl es. of conductive netals that are useful as the conductive netal or
. alloy in-the resistive co-deposit material include 25 one or nore of the
following: antinony (Sb), arsenic (As), bisnuth (Bi), cobalt (Ce),
tungsten (W, manganese (M1), lead (Pb), chromium (Cr), zinc (Zn);
pal | adi um (Pd), phosphorus (P), sulfur (S), carbon (C), tantalum (Ta),
al.umi num 7 13 February 2006 (Al), iron (Fe) titanium (Ti), chrom um
pl at i num &Riplionatlyi odiSMlg ol dreeln ii&x!s)ofﬂﬁibn%gel&ﬁ@herﬁieﬂ&oppef (Qu). The
conductive nmetal § and al%oys may al so be cho%en rom all oys of one or nore
of the abwvehanigeimalichiag te bmprovd itvsirfaet smoathsessy a plurality of |ayers of
one or nore of the abqgve-igdentified cqonductive netals or 5 alloys.
Non-.condu?t té“gﬁaﬁg q03|néclqeﬂoqﬂgaqr ﬂb%‘ﬁl‘i?é’%mﬁ imt erial.s may be any
non- condu®tabMEi | ; Qi ' _ 1GL tal to
give s LapHpE AR A SRR ARTR T b ihedh SRRk RpRP %,

pr ef ersr edortihictarhente either sizledd Gte nieketradated @ippesfodl; parti cul ate material that
can be evgnly dispersed throughout the resistive foil material. Such

parti cul aﬁgi}ﬁ%g}l'%ﬁ%ff\ﬂﬁ W@fggfb pb EfﬂﬁSWSﬂnqt?IFﬁlla%ae‘idﬁdhet al oxides, netal
-ni trides, p)GBpiRHeGR clRREIOIRE dRALd freddufib@ non- conductive materials. It is
nmore preferred that the particul ate non-conductive materials are selected
-~ fromboron nitride, silicon carbide, alumna, silica, platinum oxide, -

-t ant al umTietfolleieing tah-dimifing yeiniplésRrerete illvatrhicthé BREGE TewilPBEE) . epoxy

.‘powders, and mixtures thereof. The additional |ayer may be applied by
" 10 appreciated that variations in propdrtions and alternatives int 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" ;
: :.j S anode. A current is applied o the foil t_o‘_yierld' aCD =50 AS-F.. The current is '
'applied,for.apptokiinately'l() seconds resulting in the depdsition‘ of nickel l.iyér_ ‘
with a thickness of ~0.5 microns. The nickef layer is ﬂtn_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



15. using any suitable techni que non-exclusively incl udBifgbgspni 2606 hg, A
chem cal vapor deposition, conbustion chem cal vapor deposition, o
el ectrodeposition such as electrochem cal deposition (plating), electrodes

" plating, sol-gel process, coating such as roll coating, screen printing,

di spensing, |lam nation and spraying. Preferably the additional |ayer has a
t hi ckness of from about .01 to about 25 20. mcrons.. The fabrication of

el ectrodes woul d invol ve the steps of a) producing a copper foil by

el ectrodepositing copper froma solution of a copper salt onto a rotating
nmetal drum or by rolling a copper ingot with subsequent 25 anneal ing; b)
optionally treating one or both sides of the foil wth a nmechani cal
polishing treatnent or a roughening treatnent such as a bond enhanci ng

| ayer of Aoiilsrtogbiade is ddjustebiouproguc2 @0get dilmogft3aniatdny imtdékingssng one or bot h

si des of th ect rocheni cal mechanj_cal pol i Shl to inprove
its surfa’éeé El\é@gle Cﬂ’}“ﬂ?ﬁ’é‘?ﬁ% aﬁ%POIB’F‘eh ox gﬁ"“ﬁot h sides
of the CO’PB%xcfd?ﬂs'Ac@ﬁmﬁBﬁl:ﬁ i Hed 84 oRARS b d%ﬁﬂﬂéﬁt S @h afSyi tabl e for

formng a resistor, cap aC|to or I nduCtor, onto el eof t he ni ckel

- coat eds coppmtaingl ¢n thefupsttha;m side othe ldnqomblademnaahmtam & bensembedded passi ve

mat er i al eded ctrpde to, the V|ce i f required.
The .fol | o&fﬂgl%r%ﬁlpf’?lm ﬁl?‘rhg'?@%ﬁﬁﬁ%gé‘n@@ %e? ?Pﬂﬁjs*flflé‘t‘lg’ %he invention. It
will be 10 appreciated that variations in proportions and alternati ves in

el enent.'s of the
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 prpcéss 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




components of the invention will be apparent to those qglpgbﬁggﬁbdahe art
and are wthin the scope of the present invention. 15 EXAVPLE 1 A 35
micron el ectrodeposited copper foil, w thout adhesion pronoting treatnent
(structural or chemcal) is run through a plating bath having the foll ow ng
constituents; nickel sulfamate, nickel chloride and boric acid where the 20
[Ni] 80 gpL, [CI] = 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 approxinmately 10 seconds resulting in the
deposition of nickel layer wth a thickness of -j0.5 mcrons. The nickel

| ayer is then coated W th agXEh§pioN3 (bﬂ%g&aﬁ{/ega polymde resin. A liquid -
polyimde.resin is adjuste 0 0 SOl | a 25 viscosity of about 20, 000
centipose, with, N-nethylpyrrolidone in a stainless steel. mxing vat. The

olyi m de_sol t on is lied.to_a dispensing systemand ..film of
gpp?”om rrgll:‘ glé ’H%F?fﬁ‘ggf I’é‘b‘ﬂ)‘?ﬂ%‘ﬁ“@‘@%‘?@%ﬁ%ﬂﬂ?ﬁqﬂd@’%m Wkelm)w ng foil

using gr t forces. 9
13 Febr ua‘?iy’é‘z%“%%‘&%“l&%%?%@%ﬂeﬁhﬂ@%% o S bt B h IR | PIT0T 43

microds ibuthhs ckcﬂstﬁngtheéhbsmagzlapmﬂdperuﬁxlhe conposite having a dried
‘polymer filmin thickness of about 7.6 mcrons. A continuous |liquid head
hei ght and vol une of damed material is maintained on the upstream side of -

the doctor blade to maintain a C%E&fl exi bl e conposite filmthi ckness
and a filmfree of included air Dbu The solvent is evaporated off and

the polynmer is cured in-an oven. As the coated
The foil of Example 1 is produced, except one side of the copper foil is also plated

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 |

| 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

25 | , ‘ L
_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




foil first enters the oven, an initial tenperature dropsgBoubf, RRs

antici pated. Once 10 steady state tenperatures are achieved in the oven, _
filmthickness is checked by taking a foil sanple and conparing the coated
wei ght- to the base weight of the foil using the polyimde density to
~convert fromweight to filmthickness. Adjustnents to the rate of

pol yi m de di spensed and or doctor bl ade height over the foil are nade
based on this neasurenent. This process is repeated' until the 15 desired
filmthickness is attained. -A capacitor is formed by |lam nating two pieces
of this coated foil in a hydraulic press at 275 C and 150 psi for 30

m nut es ' lfﬁr A parall el

pl ane capggﬁggfﬁﬁgﬁa#gﬁﬁe EQG gggg%gﬁl ance %#Sg §£°|08§5r and a peel
strengt h Gberglagoiorfdsn peore. mshorezaﬂﬁxzﬁm?érﬁe&toﬂfoﬁhrauelwmal p‘aﬂflw med sinilar
to that of a ple |. except BaTi(B is. added to the resin at a ratio of

50% by we %88 paral | el pl ane capacitor of 1.2 .25 picofarads and a
peel strength of 6.5 pounds per inch. 10 EXAMPLE 3 (Cbnparatlve} Exanmple 1 -
i s repeated except using el ectrodeposited copper foil with no nickel

oot ar aag Tl ekl AEMEh S Do AR o B BOR s RRR oy e, *

- EXAMPLE 4refenenck 0o brefe‘neﬁbﬁﬂjoﬂﬁn&ts $t tﬁlldihi@ﬁﬂly appfRPtedehsécst of the copper
foil is a rcslmary s?ul?m the art that various changes and modifications may be made
wlthout 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,

12




-10.with .nickel. A slurry-of -bariumtitanate is coated qu:@b,@.é ; h. si de of.
t he copper foil using the sol-gel process. The slurry is dried and anneal ed

"at 600 Cto yield a high dielectric constant |ayer of 300 to 900

- nanoneters. Atop electrical contact is applied by sputtering on a nickel
| ayer to which copper is electrolytically plated. The resulting capacitor
has a capacitance of. 100 to 500 nanofarads/cn2. 15 EXAMPLE 5 The foil of
. Exanple | is produced, except a nodular treatment' of copper is applied to
the. shiny side of the foil. The nodule treatnent is then coated with the -

nickel . XWhards ¢lhimediiskel | ayér, a thin layer of platinumis applied using
-conbustion chem cal vapor deposition. The thickness is between 50 to 300

nanomnet ers oV . resistors having a resistance of from 200 to
1200 oh?rs/%’c‘qgm%ﬁg[ﬁkﬁﬁﬁtf? tive syRglrals; gomyrisingaansiopper fod Ipnw@oapbsﬁéd a
cer ami csyianes, whensiraone g bdtH ¥ MePSEdshé SSrfac o,r;g{grg L}i),lﬁaC}/ eéir * aple from

surface. %f is then

Dupont , I pr| nt ed nto t he ni ckel
anneal e?j'blétrrlééeil]eﬁ]?&h ﬁb 'i?ragn?ﬂiena afnegloanical ¢ polisbing atreia&nems ostave

mat er i alrougrrm;ng treatetelnt; eudmthalt bAé of Both f&ﬁﬁoéut@@uﬁ@%é%dof‘?ﬁé 9?15’3’%?@' ‘ e| nfor ced

fibergl cor Thi s core i s then patterned
el ectri cai &{Qaa% tﬁP% ¥fibopk1g micseinces\ghilgss; ameaﬂnwsemlckelhvent i on

- has bee?ﬁobd}fthet:wlfwlsitg/smfam and described with reference to preferred
__ enbodi nents, it w II be readily appreciated by those of _
| 2. The conductive substrate of claim 1 wherein one or both opposite 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
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,

o - S. The conductlve substrate ofclaxm 1 wherein the oopper foil is an
20 electmdeposzted ooppa fo:l.

o . 6 Theconducttve substxate 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
o ﬁom40t0200m1cmmches 3




ordinary skill in the art that various changes and nodi3 Febtuagn2008ay be
made W thout departing fromthe spirit and scope of the invention. It is
intended that the clains be interpréeted to cover the disclosed enbodi nent,
those alternatives which 10 have been di scussed above and all equivalents
thereto. .1.3 February-2006 What is clainmed is: 1. An electrically
conductive substrate conprising a copper foil having opposite surfaces,

wher ei g, m%oﬁucthﬁfsbbs(ﬂ'ﬁtetoh@almrélﬁoMrfbﬁﬁ% QAR Fur*%@nf‘srbfﬁr{én et fed to a
g

treatnment or a

el t at t
re-oﬁg h ;ﬁ"ﬁ Hg mtbr%g'é["ﬁe'ﬂ?dsw'g’d’g’ﬂpei’ A5t 'C'rr%ﬂ'&’dlﬁ'gs %g‘ﬁg%b%g@?‘é"oéﬁﬁﬂac es of the copper

f oi | haneeoinchesen pol i shed to a snoot hness of about 10 microi nches or |ess;
and a | ayer of nickel each of the opposite surfaces. 2_ The conductive
substrgHgFof o wherei.n one or both opposite surfaces of i o the

copper “f POfﬁ'g?}&!eB%@Hatgebf'@@ﬂéaﬂheacwgqs@e@a aeditionsldaver faImeiiang treat ment or .
a,  mepdhamdrcadergut ordombigatiane dierm@non atBeasildie o B didkd! iayerssubstrate of claimii

~ wherein one or both opposite surfaces of theoopperfoil have been

subjec{ &hto a roughening treatment 15 4. The conduc ive. substrate-of
claim RraRAyctiveRbstrate B dipim 4 fysther sompgising avadslitional layersf 2 gysisbe f oi | have
been ppaymietecberdniidiorcompiastions thafeokel botipsleasickeRayeldle conducti ve substrate of
claiml wherein the copper foil is an 20 el ecoeposited copper foil, . .6..

The- conductive substrate of claim.| wherein the copper foil is a roIIed

and 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 ferming 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
: treatment such that one or both opposite surfaces of the copper foil have been polished to a
smoothness of about 10 microinches or less; and deposmng @ layer of nickel onte each of the
oppOSIte surfaces.

R




anneal ed copper foil... 7. The condudive substrate of1ZFebmmiy 2006

wherci n-one.or both.opposite surihe of . the copper foil have been prow
from40 to. 200 mcroinhes . 13, 13 February 2006 8. The conductive
substrate of claim1l wherein one or both opposite surfaces of the copper
foil have been provided with copper or nickel nodules ranging in size from
40 to Ysdhe piogsssichelaims!3 whereinpae ebbriiuerrosite ssiienss pithecepperdpibdrm | f urt her
conpr i sibjegted o aelditiotituiadal payiahg ﬁatrﬁédﬁ&t@hechanicérgbméﬂfﬁé trecdmE@r am ¢ or

conbi nati ons thereof on at |east one of the nickel layers. 10. The
conductive substrate of claim1 further conprising an additional |ayer of a
net al , 1% Thepregase of claim da whedetn ape othntbenpasilesugades eftaedopper fibliave of t he ni ckel
| ayer sheeh bubjddia t6 amnslightrintBreatint.r ate of claim | further conprising an
additional layer of a resistor, capacitor or inductor formng material on
‘at | east one of the nickel layers. 12. The conductive substrate of claiml

-wher ei 16- Theprasesk ef claimyl 8 wherkiawee ar hotthinpksieserfasks ditoncoppdrdeithe8e 1 p. m t o about
5 pm Bedn pAwviRk®RBSSph&or REIRINGIuRY, an el ectrically conductive substrate

conprising formng a copper foil having opposite surfaces; optionally

'subj ecting one or both of the opposite surfaces to a electrochem cal

pol i shi7nghe precessrefiviaim 43 wherhiathecabpap Gdiliisdn eleptrbdepasit ndppar fol. r ougheni ng

- treatnent, such. that one or both opposite surfaces of the copper foil have
- been pglLshed to .snpot hness of about 10 m croinches or less; and
gy fogs Tk

deposi g Roreay KD herroapes s pioligdpnd appasisdicorpes [pilf aces.

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 €6 The ploeessof déimtiddurthepmenrisiog depositigy arbeleitonpl Ryérded matd,la copper or

ni ckel AR $Serankd or PRBBEAAS HFeoPbn SiBIsMOkMIGFLERS copper foi | is an

electrodep05|ted copper The process o m 13 wherein the

copper foil is a rolled and. anneal ed copper foil. 19. The process of
claim ZBTMarmeésla obalaiman ﬂbmta-dmopﬁﬁsg a@osuﬂg‘mamfal i@ ocQpieer, of 0i | have
been Ph& 0 RB&Ls i g in size from40 to 200
nlcr0|nc es ‘ﬁﬁ% oﬁﬁe p?%@éggh% &géﬁ% % one or both opposite

surfaces of the copper foil have been prOV|ded W th copper or nickel
nodul egs.Taagiotdss iofctsimn 28 fufrihemBofPridiy d@emmgt‘ern@daﬁ&}esraye}osa kebfodary 2006 21.

o P Epfitr &indikl Ml AHEAD SR OAUPLAAR HERIZER 9 20 20T L oM ot e

of a me ceran ¢ or conb WESt her eof on at |east one
of the nickel Iayers 22. The process of claim 13 further conprising
deposi 24. Whe frBcaRe 8f didid A8 WhirBn e MdkeRayiRs Rdve aéihlclJﬁgisyd??er a@oﬁ%ﬁa;ml c or

‘conbi n @ b ﬂ t hereof on both of the nickel. |ayers. . The process of

cl ai m £8°P 0P Her conprising depositing. - an addltlonal Iayer of a resistor,
capacitor or inductor formng material on at |east one of the nickel

. layers. 24. The process of claim 13 wherein the nickel |ayers have a

. thickness of fromabout 0.1 pm to about Sum




ABSTRACT The invention relates to the manufacture of msRdbréary20eé ectrodes
useful in the manufacture of printed circuit boards having passive circuit
conponents such as capacitors, resistors or inductors configured in a

pl anar orientation. A copper foil s coated on each opposite side with a.
thin layer of nickel, which increases the range of functionality of the

foil.

ABSTRACT

The invention relates to the manufacture of metal foil electrodes uséﬁﬂ in the
manufacture of printed circuit boards having passive circuit components such as

5  capacitors, resistors or inductors conﬁgured in a planar orientation. A copper foil
is coated on each opposite side with 2 thin layer of nickel, which increases the

range of functionality of the foil.
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