WO 00/ 07197 PCT/ US99/ 16980 COMPCSI TI ON AND IVETHCD FOR MANUFACTURI NG

| NTEGRAL RESI STORS | N PRINTED Cl RCU T BOARDS BACKGROUND OF THE | NVENTI ON 5
Thi.s applicaf,) ims priority to Provisional Applicati

60/ 094, 746 %?ﬁgﬁq%ﬁ July 31, 1998. (1) Field of the nverer onM"ﬁGLBO
invention relates to a resistive conposite material including the

combi nation of a conductive material and a non-conductive material. This

i nvention al so &34 F@S&?‘I@N U’;Rflqéductl ve foil
I d do
TR ol ah i ik R et
board conprising an insul a}i ¥R ROSHHOBETARINA RN TIGEr al resistor
conprising a resistive CO[TD’OS‘I‘E@‘—TFBFWI—Eﬂ_I_I’FCh‘U‘J}Lﬂg_‘d conductive nateri al

and a non- COI’ldlfRIﬂisl applivaioardldins Whetigi © Ploeisioasli ApplicetioncBerpdbNot 0@t gmbal i s

| am nat ed @o [ nsul aél ve substrate. 15 2) Description of the Art In
order to rigader Y]é s1%78; cost and to inprove the reliability of electronic
products, (1§ hergedas tkS@Nedibnl NCreasi ng need to replace discrete electronic
components With integral conponents which are produced as part of the
printed circui tThsoayehtignAiftacton repgysraoapsste maagrighinedding the perabjpagion of

resi stance, | s iBLRENGRH ThID rBn CORRGIve Rlidrid N A ASerRBRMIsBrBhed b 2 20
mat eri al a resistance that 1 greater than the resistance of copper
foil. Aopr l@jadrémIMntlhdlpg Iam()nductlvdf sl lsﬁdr\aed Iaay:enswe icompbitt nidneial byer ﬂmrly t hi n

du_etothe(iir éerla P t @ fact Beca se. tvhe resi stlvelal%/gg
thin, they*&PBHLBNE Y g a5y aﬁ‘aﬁ’F‘ﬂfé I GYHEUE R &0 AEHGTS R0 |ng

process, f¢omiprisipahaigive st gnd ke inke@rdl Irésissreompaividlg Qtrbgstive Rbyipdsaal
hazards. For exanple, a resistive |ayer fornmed of pure nickel would have to

be 25 appr BRERtRAAiEE Deenructive apasial 4 RO IndRcHy e PateHalsEheamhs apsighygar
sheet resi gfipbhiteymarsiififls BmidafbdNo BRShRlaiVEsbkirde | ayer is easily damaged. The
use of nickel phosphorous alloys to create higher sheet resistance is
descri bed ?)n  Descriptiomenfttheydrt 3, 808, 576, the specification of whi ch is

i ncor por ated her r|als
whi | e providi ng % E red‘?céegls ?evéo téndelr%smg)}ovg%e I{%\i}ﬁ J%’hee@ag%?c rgl% ance

than pure mekekek ,beé‘d bt hnc&raadglexeedvuaaﬁeplameem@@as|e¢lserreﬂc tcbmﬁoxfeﬁﬁhﬁtﬂ ineegkayer s

t hat experience damage and resul ti ng Rr OdUCéI on .| oss en they are used
in the rmngﬂng)é)pﬂ}tsew are produced as part Of the printed circuit boar manu acturing process.

At present, integral resistance is produced using a copper foil that has been plated with a

20  material with a resistance that is greater than the resistance of copper foil.

A problem with prior art resistive layers is that they are very thin due to their material
of manufacture. Because the resistive layers are thin, they are prone to damage by handling
throughout the manufacturing process, from scratches, cracking due to flexures, and other
physical hazards. For example, a resistive layer formed of pure nickel would have to be

25 approximately 0.00174 microns thick to achieve a 50 ohm per square sheet resistivity. Such a
thin resistive film layer is easily damaged.

The use of nickel phosphorous alloys to create higher sheet resistance is described in
U.S. Patent No. 3,808,576, the specification of which is incorporated herein by reference. In
practice, nickel phosphor materials, while providing thicker resistive layers for a given sheet

30 resistance than pure nickel, still produce what are considered thin resistive layers that

experience damage and resulting production losses when they are used in the manufacture of
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WO 00/ 07197 PCTI US99/ 16980 circuit boards. N ckel phosphor resistive
layers are also only comercially available in a limted range of sheet
resistance, (1B, 4.97,1000 ohms per square. The present techpelrR@y sl i M ted
in several ways. e specific resistivity of the material is insufficient
to elimnate | e resi

rocent ¢ acRRbBay: NS PR S P irceces” B IRRE T Rats P2, <
produced Mirﬁhhédl&arr;g@@trs}ieesmﬁmnce upito ¢QOCohusipeosquRey  acr oss a pr| nted circuit
panel, thus reducing yields and _increasing re-wo Qart to
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the perceived rdeaseenytegmolents Hepitthe F@%Taét“iav% Tlﬁ&i@?‘“fsc ret“ﬁté‘”%?ﬂg
surface 0f111£[El,§a131L qg’stuff%%p ?Eltlrhfﬁ@teflgx'gle xfaﬁlre Rahes ebs 18 idhtion dfhee €
remains a need for integral resistor foils with inprove e ectrical to and
t her mal 5 di @sscpatex:mlq:glyopﬁlsb,l s allpyihg g’n@ﬁssrle'swblch\ﬂe? apisrirlcatrreised BEIVARY OF

THE INVENTION It js an ob of this in r i
conposi t e RASF P&V LHEY “%}\ﬁ‘gﬁmylaﬁmsr P porat dnE]'r&[ It)aq}epéme/s egu#’%skéhgéﬁd be

easily aSSﬁ@ﬂeﬁstuﬁ‘gdrél\dv&Hk ari isClet inpaard tB&Jbﬁbaﬁe&deneamtht) pf pleess g regstiveeat e
di screte integrated passive resistors. 15 |t et, anot her object of this
i nvent i on lagerpe gvi raatersyifpes of Fhstelegradepesition fqllrfo’f ﬁé‘e“%nuf acture of printed
circuit boards yifbe.AtGekabmdiish SEAY fbr NGk 30QUBRIOIONIB inpRived Blrical

i nvention are conposi tions and methods for wusing the netal foil
conposiibi onsl thenpt mxdupmewapmpcmtsem héghee pdsistipogppdcdtingy- udi ng i nt egr al

resi stors wherein the int egrﬁégzﬁ%ﬁ O TREINVENTIOANt to variation and
degradation due to 20 flexi e resistor material. In
still another opjiesdt obj%&li(ﬁ”thlﬁl\lmhmﬁmol prokidel essidtiot Icommmosriateiriahshaanmenet hods
for wusing the foil. ositions to rranufacturﬁ tﬁ_llnt % uif b g

i ncl udi ng inger@graiad ‘F“é’ ngt/?ﬁ%foﬂ fahbGFrsyY 815855 8P Aor BYL EORHF S#‘met%? Thi's
I nvention hﬂ)‘éés%lﬁ% c?é&teed&?été {nte@tdidn paBsilStekivirsconposi te nmaterial conprising
a 25 conductive material and a non-conductive material. This invention

al so i nsl udes altrisilyei ammlyeerobﬁe@t lof ckippinyestion ta Peqyifu fails hat At arcfplajfeie and a
| ayer of resistive [ her aspect, this invention

i ncl udes a™HOFETYCEY P I’re 1IrC 1IIB%5% g‘?dr}]l m&gﬁ-aﬁreglwo}s metal |ayer having a shiny
surface and a mued ot foaﬁﬁ ﬂrndlsamvcaiuentara Uatall ;fmi egnpdsitipes eed nRthode fusi t

conposite materjal |ayer associat d
wher ei n t h&51B§ & m%ﬁilff)@ CP‘BB‘?%‘H“\S/EO c?cr)o%lé:%%s ?‘?’ngé g%{)g{m{rg%@ éé%u ‘f @%‘}ayer
i ncl udes fram@bDHersth @k fnRgral resistors are resistant to variation and degradation due to

20 flexing and cracking of the resistor material.

In still another object, this invention includes foil compositions and methods for
using the foil compositions to manufacture printed circuit board including integral resistors
at high yields and improvéd uniformity.

~ This invention includes an electrically resistive composite material comprising a
25 conductive material and a non-conductive material.

This invention also includes a multi-layer foil comprising a conductive metal layer
and a layer of resistive composite material.

In a further aspect, this invention includes a multi-layer foil comprising a copper
metal layer having a shiny surface and a matte surface and an electrically resistive co-

30  deposit composite material layer associated with a copper metal layer surface wherein the

electrically resistive co-deposited composite material layer includes from about 0.01 to
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-2 WO 00/07197 PCT/ US99/ 16980 about 99.9 area% of a conductive netal other
than copper and from about 0.01 to about 99.9 area % of particles of a
non- conduct i \& materi al selected fromalumna, boron nitrigerusdAgsyi xt ures
t hereof. Yet another aspect of this invention is an integral resistor
conprising (a) an 5 insulative substrate |ayer havi r}%hf iagosut[ r{oago%u@nd a

second sur Rersé99 Pndreath of it @grulive &l oger thag SoPRe A% TR 2PRE oI &t 1VE

substrate G oSt Surdrasgicther §inbn htiubMeagiatal kst Pom flmtihe oranipidses a
co-deposit "material i nc‘ udi ng a conductive material and a non-conductive
mat eri al anodd wivewres theteh® i ntegral resistor has a first end and a second
end; and (c) a {irst . conductive. - e i k e int gor al
resistor first &ﬁ'd mé%%ﬂraasgeecgo(#dﬁuglrgﬁ\%gtﬁd u}ést %%gﬁﬁgﬁgﬁéﬁsg%r\gﬁﬁi%&m(?h t he

i ntegrals reghftiod sbeean thyenshviddERCRPTREOM s&kblid Fir@OURES) B guiegsel ksigotiepi ct
steps of a method for using foils e fromresisti ve ‘r?t‘é’@f?ci:stis? c W;i al s
of this invesateRopn tthe HRaHAEE UPraten BT a1 RCG FAFTSH G dEHAY d57RT" Fas! st ors
that are ysefulein bREJdTRMHEGH WnGuihg Y kodativei mawiidl hane dson-chadickigar e 9
is a cross section view of an integral resistor including a co-deposited
resi stive oungasinde whererthaintégagiaesisor hascd (et Ayl ﬁ‘dc%?ﬁfﬂﬁ‘?F% Re¢Q12 Yhng
with a plurality of of- con i partlc - DESER P, 3 Sédond
CURRENT EW@ﬁ’W@éﬁl’ Iﬁﬁlﬁg %V%s%%?&%“%:\wp? ot%é (ra}ét?%r? lgges%s?% agﬁéséﬂgﬁgcomosi te
mat eri aly CQERdcEVd @@l ask@fsdd witDthe ireegraindsigos seeondgpér i al and at | east one

non-conductive material. This | i ﬁl TH'Eeﬂ«‘ G0 an inproved

| ayered foil conprising a cond a shiny side and a
matte side and nKesistiyaesanmgsidfe mahet falushayels mskotimredsting chmpie
conductive netal ~|ayer. The present inventio relates to |am nates,

al s
printed ci regpralpehtisinverign 6 FEpuiagPERRYRict ¢ tBEﬁ‘Fﬁt‘ eRh I ORI at
| east one | QLEOHAhe HERIEHOE of FRAIAGEME BéhrdtSi Ng the 25 conposite materi al
of this invention. An inproved electrically resjstjve conposite terial
has beems devel opéghre Rais & srosusestioh viey ph ARGl FealgtoprinArdee @ xdrPesisar ds
and ot her el ectronic substra t i i Wtk QF Surall & f
conposi te mat&HCalMPREF IR éesna?fa (e)rn{c}'ﬁglf flu\%xhlr%ndc'?gﬂcg%éagﬁﬁi ?%%ﬁhco}%duct{yi ve
materi al . Tha-@aopast petudetddri al s are useful when fornmed into electrically

0 resiotive Tol 1 0 iEDul G R B PRGBS HiboRiRger et contain

one or nore integral
) The present invention relates to a resistive composite material comprising at least

20  one conductive material and at least one non-conductive material. This invention also
relates to an improved layered foil comprising a conductive metal layer having a shiny side
and a matte side and resistive composite material layer associated with the conductive metal
layer. The present invention also relates to laminates, printed circuit boards, and other
electronic substrates that include at least one integral resistor manufactured using the

25  composite material of this invention.

An improved electrically resistive composite material has been developed that is
useful in manufacturing printed circuit boards and other electronic substrates that include
integral resistors. The composite material includes a conductive material and a non-
conductive material. The composite materials are useful when formed into electrically

30 resistive foils in manufacture of printed circuit boards that contain one or more integral

reisitors.




reisitors. -3 WO 00/07197 PCT/ US99/ 16980 Foils including electrically
resistive conposite materials of this invention can be manufactured by wel I

known el ect hpggi@sdst i on processes using an el ectroplatingpgpkidoli9dio
i ncl udi ng solid non-conductive particles and at |east one conductive netal

ion that forns t r Tk d t|ve
nmetal used in ?ﬁlg 15@2@?%*9?%& %r?ésgﬁp%@ éf%ﬁé Iﬁ?a?ér??]e&g(t)hﬁsdlt}gfﬁ\%g érJf'lt(r;it al layer
of the | ayanuficurded gt wesll &hovaf ekhr@epmu@ntprMSmyﬂshg aanglectiopladhg sotediaal | oi d,
al l'oy, or conbi nagl on t her eof tha e to conduct an eI ectrical

current. MERLE SEEd gPn-EYHYLIRERFEIC ersré‘f‘%ua‘s}cf'sﬁé’f‘e SPntugiigrmetalyen (hat 1Tl fuct i ve
metal or ghdddivenddlQipoh %&us&mmgcomcm&ﬁ&nme@i usdd @fhé RdsirlM@Rtkon

i ncl ude one or nore ofp the follow ng: antinony (Sb), arsenic (As), bisnmuth
(Bi), éoband/ofigahe candnejive avetal\Rjyer ahiigasves il wrrprial 1f Ulﬂeezdfe(lm)ma)tbﬁ@m um
(Cr), zin I u (O,

t ant al um fnf:{afr}}leuialﬂ)% a?lg{z %PC)(OE]%)HAIIQI{]?%&?P hhltsxs (aEPc 't0 ?l#)c{uldlr rf}é?:amummg'g L num
(Pt), tin Exafpie} ofmoﬁdhﬁhv{ Mie}als Hat ver us(eﬁsﬂl)as taendompmr me@l por allhe ic@rduct i ve
metal s and al |l oys g&% al so. be chosen from alloys of one of the

above- i deﬁ?slsf‘?’ee&"él PRl g HHs drvenign H‘Cﬁlﬂ 81 Pk o0F q?a@%rfgﬁ}‘b ¥"%Sne or
nore of thRiRYVEs), defhic iRf Gienecishy bt @!@ Ringddd OWS, minpahRB-(FRNducti ve

materials in the reS|st|ve conposite materials of ‘this invention may be
any nofi-c b whromage | zinh ¥ nk zpalldsburg b PESSPRPTUR camguel.i aebamet al to
dmad (B, whr (82 d¥ng amallgbue R phesphpuk (B), solerudd.i sasb
give a 0 | @Gt I($h]
preferreda?h%“@ﬁ%ﬁ%ﬁ%%ﬁ%’”ﬁt@@ [Irgﬁéféﬁﬂ% Sﬁ & %%P {n culéi?I il }Jt)f’ltgll t hat
can be evesr)ynidkes 0i) seitert (Aupugldanbper h@u)r éﬁle&fondﬂ&nflomletalsrmﬂ eﬂo;almay&luoh
parti cul a% Hat erjals |nclfude but ar b d ﬁ% §
nitrides, PE&EPER dPM ANYS T HEF PaPPiccdi® ?é‘ ?1V6n‘ %“6‘ U &P 8“Y?a{“8‘ﬁ‘ por a|t |s

more pr ef Bhi ARy biajers béheRRmidr€ b At @bdvelidenfishconivRiveRieilld 6t aflopy © sel ected
fromboron nitride, silicon carbide, alumna, silica, platinum oxide,

t ant al'dm ni t r i Yen-condpetive fpAsran i 1B EesiSHYG SRMROSYT BREHY @A&US PYRIR maypoxy
powder s, %Q%Wnéﬁiéémctm%ﬁ%al th&t dadt H&Dc%}nbmeéfvﬁm Q%Bﬁﬂhvé Hﬁtar ?&%ﬁ%' a/®
co- dep03|t | ayer be co-deposited froman 25 electrolyte solutio aving a
pH of fr omscdultco- CBposaed elnpmpqun@smfveffmbm@‘s It @ m‘étc;rraﬁdlat mcioudpmﬁycn‘i\reom

abOUt 20 é%te?gp ?‘80]94{ m?iterla %ansb"é @rﬂ?td?s g'rrggd OLHI%, SlStl %01
about re al unt na OI‘ or on ni F:I um na and

boron ni t linadaenaparSuuc Ip@siculdde | matprig$ exi’c&blhybuhabﬂ%n& maam rlaiﬂetac Io&xdss Zigethilangi ng .
from about . 0.01 to about 20 m crons and nost a nean particle

Si 7o (o T, STUES £ RPEPACAT AG FRgUfi AP T 1 more pretrrl o

the particulate non-conductive materials are selected from boron nitride, silicon carbide,

20

alumina, silica, platinum oxide, tantalum nitride, talc, polyethylene tetra-fluoroethylene
(PTFE), epoxy powders, and mixtures thereof. .

It is most preferred that the resistive co-deposit layer be co-deposited from an

25  electrolyte solution having a pH of from 2 to 6, a temperature of from 25 to 45°C and

including from about 20 to about 250 g/] of nickel sulfamate and from about 10 g/l to about

300 g/l or more alumina or boron nitride particles. The alumina and boron nitride particles

will preferably have a mean particle size ranging from about 0.01 to about 20 microns and

most preferably a mean particle size less than about 1.0 microns. The resulting co-

30  deposited composite material layer may be tailored to have a resistivity of from about 1 to

about 10,000 ohms/square. This will generally correspond to an amount of non-conductive
_4_




30 deposited conposite material |ayer nmay be tailored to have a resistivity
of fromabout | to about 10,000 ohns/square. This will generally
correspond tgaageAapPunt of non-conductive -4 WO 00/07197 Rgh)dd5H9R40l6980
material in the co-deposit |ayer ranging fromabout 0.01 to about 99.9 area

% The effective cross sectional area of the electrically resistive

conposi t e TAHEE jimibe CPé‘?@?S“iI@’eéF?“E%EWFh?RO“T §8E &t 290Ht %geéf é‘?‘g'ﬁi ting the
thickness and tfg [@shist aRLe s@biohdl GrdaNbe e Adlecti@R) TERie BRPOAEt HEBGIUSI NY
the materials of this invention. The termeffective cross 5 sectional area
refers to latee itaméppatast fagiealin deteraniving tivethickpessand e weastance pbrhg Bieesdl t he
resistive material. .The resistive rical s NLS AV i -1 ore,
may have aif i@ BEuire r?:d’r 0%8E sdéecfnla{ogﬁgl? gf{ggs lglge#lr%'m g%oﬁe?ﬁloé}%fmo%] ? 1{S)geibout
99. 9% coNAEkdnYe aiRk GafersT i the GOfstseapanidsret mfaherebaductive alenepsrtivh &fr din about
1 Angstromto about 3 microns. The use of an electrically resistive

conposi t e TsEBtEE BRCTY - mallGr Hetivee Mafstialyr off thy ARVGRYon. 18ET695G qMEb B¥h Rt s has
several beggfhideScrosshectfRallfPPst froBbEH Bb1 % ah abSut WBIYY AGAMEDR drbd. OThis
resistive layer that 1s thick enough to withstand incidental danmage during
processes doorespomgnigizametak imgmasd! drommporhe Angsieom &0 aboph3 gadprsi on, by

varying the composid & mﬂ&@&f}&%,ré[sgagfédn%usné AbicAS: o LB UEOIRARL A SRLE! T &l

can be forned into resistive i at have a uniform thicknéss but with
varyi ngo shieatd ¢omgioatrity h4si segeral Benefital Tiovws-deppsimpaterialriaf be manyfa¢tpred o &5
manuf act ure of cj rcut'?lt botﬁrg co otnenttg [i r&cl u%i ng (riesai gt 'u\r/ig cgo@sosgi tfc?r
material fGIPEORYFHPE 1S HFEAPPERY. CTREPIGVANFSEEY S EEi NG e Shposit &

mat eri al s ghmifdthgink uRNLIIAN tHeombRfifN r BSiadditiveg Bheaylmg harcobosirdrastidod
fromthe foll ow ng hypothetical exanple. If a 50 ohm per yare sheet

resi sitivi mgreflignigatigsy kg compostamalsealfgn if FIPaT Ble Kyisieyedars tﬁ% havepuBsi t of

aconduct i vg; Wateudlwidd viShesnas Riiakedes. amdis Pl Clof Sndé Ritb@nycaneidct i ve
mat erial having, for exanple, a nmean particle size of about 0.3 microns. A

resi stilye matwadtat of aiyent hoaidcdompesentst indluding resistivi famposiihmpatsrigrieils efothisespond
to a resistive. |ayer approximately 3 particles thick. If these particles
are plat edV¥'0'°4 t hi ckness of 0.0002 microns of pure ni ckel around each
particle and clTisedpatigesof usidg campbsite esadrialsi af tlas givegtonhatirmgesastive shegtsance

of approxi mately 50 ohns wit sheet thi.ckness of 25 icron. In
contrast, SrResindesstpad |f@9bweg?1§aﬂ%aywlteﬂ°%ﬁr‘§iﬂfaﬁr étz?'nsél?g}i“ RO AHH SIS a

t-hi ckness  kiriQiPRUédrddl £ £ mahilfAStured by@$datihid ¥ Eo-Bdpokit 6f 2 ABRNGSE MterT@t 1 i al
is over 500 tines as thick as an equally resistive filmof pure nickel. As

a resul®, fshen resickel) ved payicles of acwndepdistive matsinl laving don eeRPlsy grigeano
resistive }éﬁ‘{i&lgtslzgrb% MY 6.9 RBWRL CRre BT ISrterial layer thickness of 1 micron will,

therefore, correspond to a resistive layer approximately 3 particles thick. If these particles are
plated to a thickness of 0.0002 microns of pure nickel around each particle and close packed,
it will result in a sheet having a resistance of approximately 50 ohms with a sheet thickness of
25 1 micron. In contrast, a resistive layer produced with only pure nickel would have a thickness
of 0.00174 microns. Thus, a resistive film of composite material is over 500 times as thick as
an equally resistive film of pure nickel. As a result, the resistive layer of co-deposit material

1s less prone to resistive variations due to physical damage.
This invention also includes multi-layer resistive foils. The multi-layer resistive
30 foils of this invention include a conductive metal layer and a resistive composite material
layer to give a composite foil having at least two layers. The multi-layer foils are useful for
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This invention also includes nmulti-layer resistive foils. The nmulti-I|ayer
resistive 30 foils of this invention include a conductive netal |ayer and-
a resistive wgppaéte material layer to give a conposite dqhlsod)¥dong at

| east two layers. The nulti-layer foils are useful for -5 WO 00/.07197

PCT/ US99/ 16980 manufacturing printed circuit boards that include integral
resi st or s nwhiighrueinge posesf dirckip boardsntlerd andedea tifagedl resators cdneteate pichdl tfeng,
vol t age di LA o] Lk 0

ol 1 ay APRBRR: el OB ALl Bjing, b Blec YFMRE e BREn ST AN hituodlZ

| east oneanésconguct i ve net aI or alloy. The conductive netal used in the
conductive netal gr@,.%{ }/ sel ected from h e sanme conductive netals and
al loys that are t§BHeI2YFh o @“WEHU‘T Rt ey oVl cResy S8R O it I8! 8PS of
this i @ve%ﬁ&etl@ﬁe@r ortahl@f trhe csRBANE thhet8 vt @l thd @Yilctive mefa8f9EaRkY be NOt
the sane netal that is selected as in the conposite material conductive

mat eri al . selghebiomgthelisame aridagtive orriale and/ allays ttkat greayselhdn thermarufasrirppf ity in
the circuit b n ct.u ' X he

abi 11ty t O sBr Sk ePglERE R B kP Rtk Dot heitivel KBRS (0,

W t hout dinst thebiang: tdaar cnm depesdiddeds nmtier cehpdsay erateahl esndubiéve txmanh]ayer

foil is lapinated . to an |nsulat|ve ubstrate. referred conductj ve netal
oyer 1 SRl HIORIRhomrD) At ARG, & EEEhy g

5, 679, 1%031matnnﬁct§96§bfdc€§§tlh&fhu¥gf fc‘ﬁl@xﬁxlﬂples tHeNBARP RS RleBveeEes rhembnaetleé ence.
A 15 preferred two layer foil is prepared by co-depositin

el ect r odepessiltirany, ﬂl%rWCelﬂé@t foil cithopt disRirypg (he olepossird @afﬁa@gh}’aﬂ afgenrie i si ng
a conductiye 1;;,@; 1e,rlll 2 amxﬁzﬂéﬁh[o%ﬁ ek su@%&fgt@ parti cul at e non-conductive

mat eri al such as alumna or boron nitride on the surface treated snpoth
~side or on theArmbfeeredrcoieluafveutnealpayef &ra sulfacopeead doppenfoil tlescsbgalriaflésr ed

that the esr osite ter| con uctrvrtyto
i mprove t Fﬁfa Od S6g§%§§)’l %‘F\ S ﬂté(r”ag‘lt %’B’icgt'f érgo'%f)raéeﬂe}ieﬁet"éﬁr' ar*fE5 stbr nmade
with the & tveo éefoilal prepied b9 StoSdeb¥tingG GNRRSIrb®@pHERY, iadleldcBitally t hat
is applied to a surface of the conductive netal |ayer may be F plied to
t he SOt HESNE OBTRGHIT PoleRel REPISINE Cf SENUGHVeL HECHONAUGT et 120412 | o

preferred o, ARUEKSIont Qnd@RAlY mbBfal &S 5 am&&qrment,ﬁ[rra@toﬁrthekurra@y%atw t he
snoot her surface of the conductive foil. Electrodeposition on the snooth

si de f or memaodosigost e thatmeatts side| ofyde nrefatredSoppehifing & iorreferrad flat the
t hodi l. th
cathodi ¢ pr(e)m% 1rv|e %Slltrll)gsq? %a trﬂfabes?t; 1&21? ﬁxehﬁ'ﬁ'l (?UEHQ ?hggﬁrgggogg%?ﬂg% c?%s%aﬁor? n €

matte side rodeposi
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required tc%m%gs(itg r%aqgrratll Tgr%rs Ithrate 1csi arpgl?eldsttola surface of the conductive metal layer may be
applied to the smooth surface or to the matte surface of the conductive foil. It is preferred
however to apply the resistive composite material layer to the smoother surface of the
conductive foil. Electrodeposition on the smooth side forms a composite material layer that
25  exhibits more uniform cathodic polarization of the surface than composite material layers on
the matte side of an electrodeposited copper film, thereby improving microuniformity of the
composite material layer. Furthermore, the time required to etch the undesired resistive
areas from the laminate is reduced due to the lower profile of the smooth surface. This
reduced etching time also contributes to improved uniformity and density of integrated

30  resistors manufactured from thie products of this invention.

An adhesion promoting treatment may be applied to the conductive foil smooth
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areas fromthe lamnate is reduced due to the lower profile of the snooth
surface. This reduced etching time also contributes to inproved unifornmity
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shown in Figures 1-2, a two | ayer f osite material |ayer

a CoO
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substrate materdialres1ts Skl 1d NadetHodfof QEAOGIthE 1iRE @dil BicludAy e redidtiveSco-
sandwi ched between the insul ati ve substrate materi al 14 and the conducti ve
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silicones ane resin

ceram cs sl w@é Lorididive tﬁ&[ayllziybum OX‘hdﬁ)suISINd bdirard mateda, 14 magt waasdetdfer eof
and so forth. As is shown in Figure 3, a_photosensitive etch resist

mat eri al  18vi Bateraly keapn i thart fen pasuaetainer REMedoHTept doprd iFiidiREe PHERY)

lrayer 10. griéiol ﬁlesx@&%n IpFodb G BfnAlddhya@aRN@es of @RMmallidhyarhad Yidlahihd)e
desired pattern is placed over the phoftosensitive etch resist |ayer 16 and

the CORDI neoXpriyResTeeRPOBBYESED revin,i pheaplicaresps made by the reaction of phenol and

formaldehyde, silicones, polyamides, di-allyl phthalates, phenysilane resins, and ceramics
such alumina, beryllium oxide, silicon nitride, mixtures thereof and so forth.

As is shown in Figure 3, a photosensitive etch resist material 16 is applied to the
exposed surface of the conductive metal layer 10.

25 As is shown in Figures 4-5, a photo tool 18 embodying the desired péttern is placed
over the photosensitive etch resist layer 16 and the combination is exposed to or irradiated
with a suitable light source 20 to produce a photo image negative which is then chemically
developed. During the chemical development, the non-irradiated portions of the photoresist
are soluble in developer and thus removed and the irradiated exposed portions 22 of

30 photosensitive etch resist material 16 which are insoluble in the developer remain fixed to

conductive metal layer 10.



with a suitable light source 20 to produce a photo image negative which is
~then chem cally developed. During the chem cal devel opnent, the ‘ A
non-irradi atgg (peibd ons of the photoresist are soluble irpdRedRPRr and

t hus renoved and the irradi ated exposed portions 22 of 30 photosensitive
etch resist material, 16 . which are,.insoluble in the devel oper remai.n fixed
to conductive }?é'fea‘%A %%R‘/Césra"l‘ﬁferq]@fi’f\}ﬁfrﬁe)‘fcg’flfw'nﬁé? /"Eﬁ§§“¥j)’ i%’g)étff’ e E?’%ruquéa 6A
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phot osensimiteral dayeh whersinsthe phetpsansiiye plaly &sishisicairh @y FehasRsen devriared v et ch
resist matgrlal, ihf%Xﬁédiﬂé%mﬁer@Qstdp%M&kOﬁedn} PiguleCaW Einftimbdiie i ipah&n 64 ch
resist pattern 24. |In Figure 6B, Internediate resist pattern is 5 i mged
and devel dpegkdtand deeddped serrpganicrpretiter taces22i6 thawshepreofstratierned reaisionintthe ned
resistor in the remini ngradevel oped etch_resist material 6 24. NexL, ‘%he

| ayer of ceneinEe;dreclppadasiChmerst reatsre] i2de Nettafhe BYET 8F SOMBEUS: BERLARY by
‘the devel qped; phokaresi St d&?ﬁgf‘cﬁéc@d B el RUOYSA pskdrbdidti fder 1 taRhea aci d
etching solution such as cupric chloride, ferric chloride, and cupric and
sul furic agilidieg aFhieabdd atid erghisg epuydneduds ascypsic ichlakitly, feuiepihéaridd, 4ndtcprial

resistor, ag shown 10 in Figure 7A ich.incl ud i-nsul ative syhstrate

| ayer 14, a@éﬁﬂg‘gfctaé’]aﬁatﬂlglf iegﬂmﬂ&ﬁ?&ykf% g lf;'ccgﬁl(g%(?:etdi 19%grﬁg%e§¥%f’aat/§es§5‘irg
wher ei iy pontAiaRs 781 wWaRhNnaQRp asulaBvdRbearialkydrayecondpdsitndatetdndect i, uad net al
| ayer 10 have been renpved by chem cal et?%r]g to (?i.ve a %ﬁr]ti aIL%/ L(%)r med
integral reafustivy matal Yyl whsredh RRIOPHET | WL CREBTAE PSR YL bf 2B gure
7TA Wi th a seeand. fkeNal&SioHave bn i8Skl 8) chaved 2fingRPkived paialif eorR¥posed
surface of the unetched conductive netal | ayer and devel oped to expose a

portion 32negrat feistenifducti ve netal | ayer that corresponds to the |ocation

of 1he | ntegr aly &8 Rbws MGnlcAhGENP thl s, B PRURL72RANN, Llokd GHE £oofP 1 5

formed by selectively applying e resist material layer 30 to
exposeds comgtergdl ilaver e agllied wr fhaeeposddsurfacpbivthe gnaghed cobdmotive metalhlayer phdiced

over applied etch resist material |ayer 30 .and then 2 xposed or

i rradi at edieVaiRRed; tor SBPSE: %c?o’é'toehﬁr 8%%tmﬁ§‘{°8ﬁ gl §a¥eﬁgh§cfg’g§ﬁp8'b‘§dmtt8€gi ve a
pattern rgsiish oBhe Mres Bl Wsitibe Tavigl-apashiPabies BhdvasinStighe aBdS fdred by -
conductive nmetal portion of the partially conpleted integral circuit

associ at edselctivelx prplYing elgh apsist andtesiablayeinpf &t diet @@osetHePdHTEYomekt 8Hiasf eas of
et chant 1 ol tssodifHic fd B e REARP BN kion e TR 258 P an D o5
co- depasi t &gosed D StddiedreETerirradiatail tieh aesco mdwecitl iy chemsiewdlofed ye giva s patsirat ed
with each r%gigt ?{ w&ut.lr%in the developed pattern resist leaves the conductive metal portion of the
partially completed integral circuit associated with the integral resistor unprotected.
The unprotected areas of conductive metal layer 10 are etched away with an
ammoniacal or alkaline etchant to expose an integral resistor 34 that comprises a patterned
25  co-deposited resistive material with a conductive metal layer associated with each end of the
integral resistor 34 as shown in Figure 8. The conductive metal layer portion covering
integral resistor 34 is etched from the integral resistor using any suitable etching solution
which, in the preferred embodiment where copper is the conductive metal, is selected from
ammonium persulfate, ammonical chlorides and other commercial ammonical etchants.

30 Figure 8 depicts a completed circuit board integral resistor including an insulative

substrate layer 14 on which is located a composite material layer 12 in the form of an integral
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i.ntegral resistor 34 as shown in Figure 8. The conductive netal |ayer
portion covering integral resistor 34 is etched fromthe integral resistor

using any sujloabbfRegt ching solution which, in the preferrgagahpdigrent
where copper is the conductive netal, is selected from anmonium .

per sul f at gesi@oMRAl ghahhieh kOt A& 2 0Ot REhcFI0BYR 101 Wler@MRNo &Lt Ghamt s. 30
Figure 8 depicts a conpleted circuit board integral resistor including an
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S , an netal | ayer
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oulat | vaSuNE e RPET I R ¢ ahPhE DR e e 12 e aPIR e 5]
appl yi ng, phewedsepimagrianttomah®YdsiRgvdladesoliopger opfaah @iresi GhcehBhd@r thal thé r om
the resistive co-deposit layer to formcircuit traces such that the 10
devel offed fsHaPRsAGEPOresishmaterial isiis theformef fhsrdesipid inicaralesisise 6)icihingr e
resists; (@hrdtdcfdl RYstRomtpBRlAL60 8 Dayef Hodt th\éeln&‘i’almé’%hﬁs?ra@kﬁﬁr&ﬁbvihé‘yer

fromthe insulative substrate; (4) reroving the photo resist material from
t he remai rthhghetorpossi metematfeam dhe Fempaning (@ppappimatargl daydr; (Qeerilupg ngd a

phot or esi Sl.vIBL:er iaal LOVEL:f heti n eogg almer e%sglore gport ié) 18, off tﬂpe [esistive
conposi te materral® Payer arﬁlﬁle(”é‘g Bpli AGTE cOndudt PUE et al™ S°YHE®

unpr ot ect i oomppsitet manasal 1dher;odndt(Beappbshgs i cvglucivepashlt © thatigirbadtive Pparfonby, for
exanpl e, electrodeposition. EXAMPLE Tgi S Exalnpl e dgscr.i.bes t he manuf acture
of a cOhpoditherefSive PP MAGHAL ST 4L example. JetodeROSRR f or using t he
two | ayer foil to manufacture a printed circuit board including 20

integral resistors. Materials The manufacture of copper foil by

el ectrolytic deposition is well known and does not require

rt
el oot odeposi 1115 CaRpEr r7ay BEmp el alie RBYRR bR oF i PhOfH RO
Tr eat ment as a method for using the two layer foil to manufacture a printed circuit board including
20  integral resistors.
Materials
The manufacture of copper foil by electrolytic deposition is well known in the art
and does not require detailed description here. Copper foils are conventionally produced by
electrodepositing copper from solution onto a rotating metal drum.
25 Treatment
A treated copper foil prepared according to the method disclosed in U.S. Patent No.
5,679,230 was used in this Example. To summarize the '230 patent, the side of the foil
next to the drum is smooth ("shiny") side while the other side has a relatively rough surface
("the matte side"). The shiny side of copper foil may be treated to deposit copper grains on
30 the surface to roughen it, and thus facilitate subsequent laminate adhesion. A first layer of

copper particles to improve bonding is subsequently encapsulated according to this
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A treated copper foil prepared according to the nethod disclosed in U S.
Patent No. 5,679,230 was used in this Exanple. To summarize the '230

patent, the sjgferpd; the foil next to the drumis snooth ecsikaycdsesi de
while the other side has a relatively rough surface ("the nmatte side").

The shi ny; L0608l ARPSLsistiol haydBY 0P 8odeb&RECdoli® SRPASHL CORPRAIVAR KRS on 30
the surface to roughen 1t, and thus facilitate subsequent | am nate

adhesi on. céppti pmticleaper bofncapsolpisd vileanpihel xerto CPRPET BYY B dlivdiCrityppsition
subsequent |y ﬁf?lc Pr%x%'rea.ttﬁdc@g&om'eagn tr?anh@ﬁ Smay 6 Mﬁ?n@&)f 8@3@2 re!%QELéJﬁ??J 16980
t e 1 0 epc¥5| te )

i nvention { resisti | ayers of ¢ sol 1 ds and neta
Al ternati yehid dide@ly e0pRehingadidd of @s foibyinbmsenelzps silchtetlysn wbuldpotvider | aver
of copper prior to the co-deposition step. Furthernore, the copper

adhesi é6n sHEgeAhesAn NIBHIONt ed, and the resistive |ayer created

directly on t h?hé Rbi¥onghdSe FhricliBiel B1de: col Rp&REE Sn WRLHELaB BNsudfab@yuigoul d
provide 5 sufficient adhesion in |am nation. The non-conductive

par ti cul ahevetndipwetcolesiethositosd2bmicrens, hedispersible in 8ig cpderosyien ppid. anfbkee a

di aneter | ess than about 20 m ¢r h I rsd.ble in.t ozfeRQsi tion
bath, and r?)gém“lE &4 'SEARP ‘f“ih ragagl{b?erc})lri]e% emé Ilqe%éﬁflglts)éegﬂr}éé\]% Jgﬁlé% 8T eg', f or
exanpl e etpgdfadpéd sl prii@eswith Bigf aieleedicasengar highl termal tchnducgitydlieedecot ri c

strengt h, high thernal ,co_duc}ivit , . ease of. }1%0 rill abili.éqy %'r] . .

machi n'4bi IR oPT BRGHPE o BNt 5 a¥o" AT BRI et L(l _rﬂﬁ‘)a) s
anot her pr,afelr 6tk AN HGRAAHELIVY SraflRfaf ldudlio cabtlSstdb@itf Osoresit§ aadiVdikilityROr 0Si ty
and availability. Ether material will successfully produce a resistive

| ayer. Th&ibedwpesiltwill ayasessfully ;@F@GGR:%CPSE@Y%]@Yean el ectroplating bath
and an appr opr T CRSRUE iyt B PRpitqD Rty ol S1eor e 0N SRl T,
met al al | ayspehdedt Hispersedsertiddseofcoppenductvd maritl swt adapsreptiae bhuigedosi t

| ayer froma bath containin 0 gra er. liter N, sulfamate and .30 .grans
per |15t erdeRAsIURE S FRRIMCIYF [aioﬁg‘ﬁﬁpglé(fyt i ‘sd:la%?rrg{eecr()p%efrr@%ésu ¢ .d3W]rt%|9 crons.
The final shegbodi@ajest froth bbadfcohBmingOI00ERAs pér 11tey1e¥ suifsmate b8 pramms @kr t he
vol ume percentage of non-conductive particles included, and overall

t hi ckness lger of plimygs by ing@pprap particlegliamgiergf aBou & 3 IGFONSF  non- conduct i ve

particles in thege Crf}fafi‘éﬂé% IrdsishiPHE Tof MRY doaRp&it 2980 abeUWin@iod domabVKMMS9. 9 w
% Qher electrical properties,” such as power dissipation are functions of
t hese par guetrrge afsnonsbhductiveuparticdeshindudrdy arfhevesdll biskpish af hemectadfdepdsitckness -

o COREDOTAL et B B el Vo 0 s 9080 Tt R Sl gt
det ect abl &.par dtioal 59 wn %. hethdegesiital pidpkrtige rsectads| ppwer dissipation are functions
of these parameters as well. Thus, a broad range of combinations of thickness and codeposit
ratio produce a wide desired range of resistive products. At one extreme, a layer of metal
~or metal alloy containing virtually no detectable particles in the deposit will generally
25 produce a low sheet resistivity. At the other extreme, a deposit composed of particles with
just sufficient metal/metal alloy to provide required mechanical and electrical properties
generally provide the highest sheet resistivities. These properties can be controlled by
adjusting plating current density, plating time, flow, % non-conductive solids contained in
the electrolytic bath, bath temperature, pH and other plating variables as is well known in
30  the art.

In this example, a co-deposited resistor material was formed on a copper foil carrier
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25 produce a | ow sheet resistivity. At the other extreme, a deposit
conposed of particles with just sufficient netal/netal alloy to provide
required mechapif@le,and el ectrical properties generally proyj

hi ghest sheet re@?sg{i vities. These properties can be contrg??‘}el%&f)l;‘}&g
adjusting plati urr densij i [ % non- conduct i ve
sol i ds contIB g?é]eeigﬂ?‘?llld"t egﬁ Oéil Z‘c’%lcrktg?/f}lta ?@%&@%nkﬁgﬁ ﬁep%%rgrp\%[rha ﬁorné?n Bﬁp%ﬂ%éoot her
pl ating vagiail ckebsulfamataplt lilenoMteidrized Iidr NEo &id wad £lded1BS gRXAFRl Bier 8f
co-deposited resistor material was fornmed on a copper foil carrier -10 WO

00/ 07197 PEFFUBOBMMEHNV B PRE PEHFIEWIAS - MetiAgd: TA® AHEKEN “BF &E4#fy W81 uti on
was prepar gelhatioh Modh€ PRERN lehipltaAlte Yenifled B PIBR 1 HGY. B ST &uRPh pH ter

of deionized water. To this was added 30 grams per liter of "alumna powder
havi ng & nean agasted wiing sifamicel@d. i cron. The ni xture was heated, with
agitation, to the plati. enperature identified in Tahle 1. bel ow. The
plating sol uti og B ergok?\/gastﬁoadgjp‘ﬁ?tlfeﬂﬂj gt ﬁrbpg’ulli lfgg)m(a@%a%)f b S%OB%BS@P ff“é?cr

cat hode washdrompelys:ddditnided %vii2iShe( Athp)e way pREeds RC O piking tdeBNinfol WECH the

t horoughly in deilgni zed water. The sanple was placed in a plating cell into

np .
whi ch the "HrEk&TaEgier apth B TKYR Fad nheRt Hacetiad ' ehitigD awiy cirgied
sol uti on WagogdnoaUhatafby LEAMGROMEIstliR pglﬁipl at B a@bf @KL BlafAE sREhdnSildd ©

punp at a rate of one plating solution volume 10 per mnute. Plating
el ect r 0des peiemenuigr Piating dlectsongs teee aitiaiyide apd e sample pateslatreauregedgisity obf 50

Anper es per. f ri 0 Sq.. l.n _the case of a
sanple pl g'? ?%H gé{r&pﬁgégqggfgﬁl: O%b (%%laffggs?a 15(S,?lg(zla%frfeléiS’S 0?1\?/1% ali}%rC ng heet “2MPe
resistivit yladd M @hns 2@ eegragu@rresiss lays aheee tesistiniey sh%t oln@spes kquard y can
be altered ba¥ Erani Bul ating one or nore process paraneters 15 such as
reduci ng o™¥ R2¥E%&8i ng the solids content of the co-deposit material, or

altering the amRdigHeetoksistBsl Shi Y€ akRéBby BeRPShdRlone DhendrabtREssiparaafRitty ol | ed
by proportionally increasing the nunber of anpere seconds per square foot.

. . a - .
The forifer ShayASgedurig B dnysasigi thasqligh contpr of he copfepesiy Matsalaor peasing the
subst ances, - ! S - i ' , t
o, 4 441, GREUN FLAB REINIGHERSHEla0% § RARSUE SPLORG oy dncteqs
r ef er ence. nTmeerddginperd se@ndhpsrtsquaes feot.albefomyr mhsbe veried by agneidnempusd cal | y

by varying the_bath. onﬁitions nﬁé onposi tions, neasuring th i St ance
of thet ay Sl BB TR il Yhec FETRRR RS RTS8 TR
processi ng NiarMMue{9es Sthe GPecifeR@sH bf WAYKENS indbipbratd e tin b9 Steterdnict t TIRSdedfred from
1.0 ohns per square to 11, 700 ohnms per square. have been Br oduced usi ndg
sol uti s is{:.eet esistance may also be obtained empirically by varying the bath conditions an
compositions, measuring the resistance of the layer produced until that resistance is
achieved. By varying processing parameters, co-deposit layers with sheet resistivities of
from 1.0 ohms per square to 11,700 ohms per square have been produced using solutions in
the pH range of 2 to 6, a temperature range of 20 to 50 degree Celsius at a constant 30
25 grams per liter of alumina and 50 ASF current density. Generally, an increase in plating

solution temperature will reduce the sheet resistivity of the resistive layer. This effect is

show in Table 1, below.

TABLE 1
Temperature, deg C pH Sheet Resistivity, Ohms per square
50 5.6 3.66
44 5.6 5.63
35 5.8 177.4
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the pHrange of 2 to 6, a tenperature range of 20 to 50 degree Celsius at a
constant 30 25 grans per liter of alum na and 50 ASF current density.’ '
General 'y, an increase in plating solution tenperature wgdd. redies the
sheet resistV%Y19f the resistive layer. This effect is s ov%%lgn able 1,

bel ow. TABLE 1 Tenperature, deg C H Sheet Resistivity. . Ohns per square 50
5.6 3.66 44 5%a5apgnatys agplgaiion mthod. 96y SRt 6 AR R Br e T an
al t er nat i Vg, @RRL Gk HInIR LN, caltige, BN LAPIES & YRrPastt plalRs1qaylyke ipl aced
in close physical proximty to the cathode, for exanple as a slurry of

pl ating elthisterkaohple sickelpulfyivte. aad IAPTRNdNFERPRIIE f DRELEPISAIMHEN- 1068 RICt i ve

particles, for exanple alumna. P - apRee vwans cAklBge s then

filed wit I"Peb"fee?flia}?agéglmé%tc?tgﬁ%ftg %‘?E%%?QH’E’ ?’%&g%ﬁ% tﬁe 5 sl lﬁrry. Tge

co- deposi tsniray erhé So-ubyeit fageniedhdyfophat binplatitpethe essissivé wetaiyer arbeandethe ar ound
the particles contained in the slurry. In still a further alternative

met hod, a BAEGEstOYRINgSIHEHSEIY- | ayer nmay be formed by placing the

non- conduct i ve P I, Cufifer! e @REMPHOX dTickdtifelcd diPosittaberdgay b forbdibyy Of
electrolyte for plating the cathode netal, such as copper. A platin

UG / g
current i splagid ited norecanduaivhepagtidléseinpaliosd @raxgmipy i the gahiens 1 ¢ LEppef
deposit. | q?)ctér[giylst? fo)e(r?pq%ti)ne’thg‘ F%[fi(?d%eﬁ‘)etﬁy ls@umaatsecgp%g! ;,éh)(?ﬂingcglrréﬁgs 1RA% 7 9

free H2SOL cen I'on, was use ere the particles at 50

Anper egg peddhsiguac paftiolet ,wifhos dendpeicicoppenfdepdsgut In6Bissexemplis 2 CPhperGolppae f oi |

wi th adherent particles is then rinsed in deionized water. The resi %ti ve
Qst%é’eé i

layer is slBisaqaeAbs Fuitdced 55t B SRS rOREEPF AT A8 Itk P S i kel

sul famate platibng sSoHbdrQ&peR Squaldropt, g¥i Opslon dlebaricbaecondd t Bhnaippareblt, t he
co-deposit |l ayer may be produced by other means includjng but limted

) L 3 ot
to pl asma wjsh aydheseric warticite pissthen oridsed| B drignias “Gé"ﬁosi]fl?eoﬁesé?ﬂﬁe_ gﬁﬁf t¥ring.
The foil npy be. %fjbpﬁgc%'%%'t}{ Bﬁtﬁ?én?garﬂaeéabgi\t%£ nRkdSuihrhile 3RRES idMiion as '
promoters, ooxi dAtion prevent ors, corrosive barrier |ayers, or other
t r eat mapt Spraelolsikdevoribddo t hose 20 skilled in producing copper foils for

electric appli C.glttgrgargxs(fély',a\apel go(-:c?etpgs?tnlayer may be produced by other means including but
not limited to plasma spray, vacuum deposition, electroless deposition and sputtering.
The foil may be subsequently treated on either side with adhesion promoters,
oxidation preventors, corrosive barrier layers, or other treatments well known to those
20  skilled in producing copper foils for electric applications.
Application
The resistive elements are produced by a differential etching process. In this
process, the conductive traces for interconnection are imaged and etched in a conventional
manner. A second image and etching step is performed using an etchant that will remove
25 one conductive layer, but will not substantially affect the underlying resistive layer. In this
case, a two layer foil including a conductive metal layer with the shiny side including a co-
deposit layer is applied to a partially cured epoxy "pre-preg” and laminated under heat and
pressure sufficient to flow and cure the epoxy, forming a laminate.
An etchant resistant material is applied to the outer facing surface in the desired
30 pattern, and the laminate etched in an acidic etchant, in this case aqueous cupric chloride or

ferric chloride. The resulting etched laminate is cleaned, rinsed and dried.
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The resistive elenents are produced by a differential etching process. In
this process, the conductive traces for interconnection are i naged and
etched in a gooyFAid,onal  manner. A second image and et chi pgTAESNA 6936
performed using an etchant that will renmove 25 one conductive |ayer, but
wi Il not substanti nhyet&lfafllef%gxsttantem'é@gﬁr lsydgpged, e&b&&ﬂlﬁgethkadé@ﬁed Eéhdh&tive
case, a two layer forl 1 ncluding a conductive netal layer with the shiny
si de i ncl udippg layas drortlebmit Thaylaninats lap‘phlpé@ded & ap pameniagal glchanted BPoxy

"pre-preg” and | am nated unde e and
cure the efS%#™™M°8HH Heds‘élt&f gn{(’nra(f Fﬂkac?f? &{{cggié g{)@etp lfﬁg% aegro?% [}lxéﬁ}é\b
appl i ed tOd&ﬁﬁ[ﬂ%k@hufa@mﬂﬂsSUmE&QﬁMHMgEhﬁmﬂesnﬂﬂdInﬂﬂﬂwa1NEKw¢damﬂﬂthe

| ami nate etched in an acidic etchant, in this case aqueous cupric chloride
or ferficpaskl ssiksequertheripsd and fg- et ched | aminate is cl eaned, rinsed and
dried. -12 WO QQ/ Q7197 nPF]EEé Ué%%&ﬁ%%ler&n&e&@rrgrn%fd%saﬂiacmmﬁ% sheafdcedvadyer i al
i s applied, protecting t desired conductive copper |ayer from etching.
The | ani natlememss tdignmpdhacied, ¢électacr]l anehsmiicet mlactapipp amsthods.n this case
anmoni um per sul r.empove hi gh e the
co- deposit r es‘fRQTOéfﬁléetg%l’%Vr?gmqsthasrﬁ%e"?gr%‘{ hi n%@%cr%g%%?'ggsg&éﬁ? %gttqéri al
i s renovedpapdredRbodinean eit id &vﬁiﬂbﬂﬂqb@mallqm variesions anidnatiifi@dons| willawotrher
met hod, the resistive elenents are forned chlnlnﬁ ﬁhe ne ssar

CHSAE iRy

el ement!8 ud Hgseriidirdnindby art PR Fealtog  ang un FHE" ne é’dg nt
ALthough t iR ehHERUAARS o 8RnRRERaIAIONErA0K Aesridihadonitd FIFGREE e Roger t ai n
preferred enbodi ment S, I's obvious that equival ent variations and

nodi ficati oﬁsle\iplldwmgzdums 10 to those skilled in the art upon reading and
under standi ng the specification. The present invention includes all such
equi val ent alterations and nodifications that fall within the scope of the
followng clains. -13 WO 00/07197 PCT/US99/ 16980 Wat we claimis: 1. An
electrically resistive conposite material conprising a conductive materi al
and a non-conductive material. 5 2. The electrically resistive conposite
material of claim1 wherein the non- conductive material is a

non- conductive particulate material. 3. The electrically resistive
conposite material of claim2 wherein the
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particulate material is selected fromnetal oxides, netal nitrides,
ceramcs, and mxtures thereof. 10 4. The electrically resistive conposi te
material of g @(L(mg’g wherein the non- conductive parti cul al e Bdofik %;gl S is
selected fromthe group consisting of boron nitride, silicon Car

alumna, silica, platinumoxide, tantalumnitride, talc, polyethyl ene
tetra- fluoroethylene (PTFE), epoxy powders, and m xtures thereof. 5. The
el ectri calwny: weshasid isve conposite material of claim1l wherein the 15
conductive material is a netal, netalloid, alloy, or conbination thereof.
6. A multi-layer fdimelesimhy §?Sﬁ§jv‘é°‘?§@ﬁ?é’ﬁf‘c{“?§9ﬁalr?€ff‘§¥‘s‘%ﬁéP“‘BﬁHveamP‘ﬁyﬁr of
the el ecgl{dl r{_%ng&gbé%%ﬁalcomoa te material of claiml1. 7. The

mul ti-| ayer I claim 6 wherein the conductive netal layer and the
conducti ve matari alTharedecinlly h@lsslamoma@setpuaatel 1@ @fglaifihke whekdin theaayper- f oi |
of claim®6 einth ectr resistive qorrposite material |ayer
non- condu&iY ‘éwﬁérfaéeﬂagﬁsa’?"éo’ﬁ%‘ﬁ s o‘f?&%%‘h"v‘é‘asr?u cul ate material selected
from netal oxigles, TNet akcthddlli eRStive eloaipbsie, nAkgiaMoft Ul 1 her&eh. a3. The
multi-layer foil of claim@8 wherein the non-conductive particulate

mat er i al sPATHCHE ERHeEF! 15 SIFFEALTER Bietl CBHisT STFRIgNBIdeh ieEmiRs. tanf! dRIXUESS| i con
carbide, gljgina, 25 silica, platinumoxide, tantalumnitride, talc,

pol yet hyl ene tetra-fl uoroethyl ene (PTFE), epoxy powders, and m xtures

t hereadf. 10. 'Fhe m]]ht:ieldcajﬁeﬂy frcsiidtivofcombeﬂitm 16ateried rod i abaimha Vd@m‘lmctltxd uen
material is onbi nat

e ay RPORTE Sais e Ry b SRl FEPRM TenSireciebRh alfins” 30
resi sti vesiticnpashile aiahies,i dlical plenuassae] &h&dmvmtthdet halc cpppetylenet wdra-| ayer

shiny surface _wher the el ectrical I resisti ve conposite material |ayer
"ncl udes fRGRFENERH FEF Bl DO VRSHIETs. MM KSTEOReIe7 PCT/ USO9/ 16980 99, 9

area % of a cofiductyipyeeiBgti@hy OtdiRtivd NRmpeaRP fatedAd Jf’ OMMRbPULhQeillHe0 about
99.9 area %of particles of a non-conductive material selected from

al um &, Benduetivaimaarighis agnial, metelioid edloyher egfbination thareef.r cui t board
ncl udi ng an tegra rate
' udi ng | it egrg lnupFﬁag&an f cgﬂggglgg én&nd u@é‘}nefag)léygﬁ ‘d{lﬁagy r%‘fl?ﬁet

| ayer having first surtac sur resi stor
| ocat ed oegletthealiynsudtiat corepsitdshreableoffclaimtl. sur f ace wherei n

7. The multi-layer foil of claim 6 wherein the conductive metal layer and the
conductive material are not the same material.

20 8. The multi-layer foil of claim 6 wherein the electrically resistive composite
material layer non-conductive material is a non-conductive particulate material selected
from metal oxides, metal nitrides, ceramics, and mixtures thereof.

9. The multi-layer foil of claim 8 wherein the non-conductive particulate
materials is selected from the group consisting of boron nitride, silicon carbide, alumina,

25  silica, platinum oxide, tantalum nitride, talc, polyethylene tetra-fluoroethylene (PTFE),
epoxy powders, and mixtures thereof.

10.  The multi-layer foil of claim 6 wherein the conductive material is a metal,
metalloid, alloy, or combination thereof.
11. A multi-layer foil comprising a copper metal layer and an electrically

30  resistive composite material layer associated with the copper metal layer shiny surface

wherein the electrically resistive composite material layer includes from about 0.01 to about
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the integral resistor further conprises an electronically resistive
conposite materi al including a conductive material and a non-conductive
mat eri al Wel ddobfde integral resistor has a first end ang-gusRagRs end;
and 10 (c) a f| rst conductive netal |ayer associated with t%e I nt egral
resistor Togslydng odfthdudfRARdaICaRAUGL] MinBELA i SBGICH 81 ihidl, LD
integral resistor second end. . The multr-Tayer foil of clalm12 wherein
t he el ect rareald 9f patdist oﬁ/zen«zxecrqmdsqttve mallmtaésm@;tedlfaymalunmm dorvdudtride eand
material is. a non- %opductl ve particulate material selected from netal

oxi des, mePHUR PF8ks, ceram cs, and mixtures thereof. 15 14. The

mul ti - | ayer foih2.of Ac&ladumbla&d\AMﬁcﬁhg\aﬁ fﬂx&gflﬂ)i’es(éﬂﬁ@bhﬁ% idg;particul ate
materials is selected fromthe group consistin oron nitride, silicon

carbide? al uni @,  apipEltiveiuRtTaiulRy GHiayag flmﬁgréqcaﬁpwﬁ%qoa@surfaﬁ C,
pol yet hyl ene 1 qbya- LhUnkast IsRPSodfed i) me ifBRtYe BANORE S ACk D KHHERS
yer toil of claim

thereof. 15. The nulti-I wherei n the conductive

mat eri al i the ainmeptadl resis@0 fwerbal Icoxhpt,iseal dmylectmqmmtliyrbremam‘reomomh@nteomateﬁﬁ. A
met hod for manufacturln : %d circ wttboar lg an |nte? ral
resistor cOTBFPEA] 0“?%8 P@Eé‘a of™ A &)™ COB%‘F;}?’%S“’%?“? V “tre‘BH t BLSHL TN et ch
resi st ant ﬁmtaeﬂrstadndtaﬁdaséeameﬁ and ncl uding an insul ative substrate, a
conductive nmetal |ayer having an exposed top surface, and a 25 resistive
materi dP | ayer (FbocafdiFsheandudive mmsal dayed petorigied thathe | iplpgmal agststor st end

| nsul at i ve, SUASLEA'@ua NG kil 188 R0OL RS RBSHLINE LGN LER hant material is

applied to the exposed top surface of the conductive netal |ayer; (b)
irradi ati ng at IBeastITha mpdu-ddyon folf oftchemplr?owb@remsxh@ Eleeriealiyhresigdiestomposite

material t ve irradia ortlons of the tose lve etch relstant
mat eri al %3teﬁ;gn ¥ %% &’tnﬁgqug UG B s T uc Phdt oggfﬁlm fagadly fe&ehc

resi st ant frmheﬁdtzaloxnd(es:)mmﬂnﬁmuagcaammslarﬂnm@ﬁlretshlaermot osensitive etch

resi stant naterjal 00/ 07 PCT/ US99/ 16980 orti on of

the corductive Het aItT%F El(leslfﬁétfoﬂo‘éfs léoY"%%rg‘Bo 8 18 CRECHME é’@ igplate

resistor; foabrifle fi@ydlé%&dtﬂi‘&n%kngﬂéﬁé Icyl%lsmag aF bb@i%trﬁ@dsﬂl&ﬁ daft5ideS il Gina,
material |ayer exposed in step (c) to forma artla 5@ or med i nt egral

fesistor; §iE92, AN EXidh etapiglum Girids. talse Pﬁﬁéﬁlbgeﬁhsﬁttar reethtiene eSTEEANL
mat eri al fgrgm,bg‘gderé REikdek Ynek &y ed integral resistor;

15.  The multi-layer foil of claim 12 wherein the conductive material is a metal,
20  metalloid, alloy, or combination thereof.
16. A method for manufacturing a printed circuit board including an integral
resistor comprising the steps of:
@) applying a first photosensitive etch resistant material to a laminate including
an insulative substrate, a conductive metal layer having an exposed top surface, and a
25  resistive material layer located between the conductive metal layer and the insulative
substrate, wherein the photosensitive etch resistant material is applied to the exposed top
surface of the conductive metal layer;
(b) irradiating at least a portion of the photosensitive etch resistant material to
give irradiated portions of the photosensitive etch resistant material and non-irradiated
30 portions of the photosensitive etch resistant material;

(©) removing a portion of the photosensitive etch resistant material to expose a
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(f) applying a second photosensitive etch resistant material to the
partially fornmed integral resistor; (g) masking portions of the second
" phot osensitiye 0%}091@7 resistant material and irradiating t gd _
portions of PR ¢ond phot osensitive etch resistant material to 10 form
an integral -resistor; and (h) renoving the photosensitive etch resistant
mat eri al  tfiatiors&MaE Sorfdo@ivienteegnakr thuedies harcoengpondmotie meerdecssorrduct i ve
netal |ayer associated with the inte rﬂl residstor to. expose t he underlying
resi stive materfhl IrgyR¥rg E‘S‘CFB‘FW‘EVI‘?ég?t tlaF 4nd MESrUyyp majepial ipger eny’@ﬁ‘?gd of
claim 16 y\ﬂeSFeg)l ) t%l}gn@gggﬁigplyc%lrﬁ]yd hegistdskrmaterial is a co- 15 deposit
material inc cfl ng a conductive material and a non-conductive materi al
wherein the cadeducténevingethalportinpeef hp@holREensiE Gk irvdsaphasral fethiot t he
same nmaterial.. c1)f8 %-ih'e ne hodt of claim 17 wherein the non-conductive

materi al | BTN MELREER [V %arti cul ate material sel ected from netal

oxi des, nmetal niptri dgglyinges aBions , phdtodensitiv t ducte sesistuar exdteriap 0o 118e  pRdallyet hod
of claim 18 wherein the non-conductive particulate naterial is selected
from the gfwapd BREEISEYY: of boron nitride, silicon carbide, alum na,
silica, plati F@P O)ﬂlaggn tEd%mcf?iL Wt §Edof® phbbchisitiPO it R¥bi@M ematerial and
tetra-fl uoroethyl ene T% ), epoxy powders, and m xtures thereof. 20. The
met hod of oladiaing Bbevheneked poreionupf the| gy BhordsensHive FEdsreals@ypPaETiNeCal 25
| ayer havi E"g a shti n lsuirg‘og_ca%dand a matte surface and an electrically
resistiVe EOPEPBEFY "PaVer"Gssoci ated with the copper netal |ayer shiny
sur face wher ei nmj he reheahg iteapioposéBive tetoheresiswntdmpesalt thitagosers i the ieteal f r om
about 0.01 to about 99.9 wt % of a condl.icti ve materdi al (a%]hE{ A hgsntcrooper
and from absiftor and TeHOURH Hhe GdertiE PR IR (3SCREd oY UL THE R B, AT

onauct1 ve
mat er ilal %@do@@ﬁlQQnéé’rgfmgaxjeHmv@@naté?ﬁl’ Qferb forhtBe irddpglalifesidierr s t hereof . 30
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17. The method of claim 16 wherein the electrically resistive material is a co-
15 deposit material including a conductive material and a non-conductive material wherein the
conductive metal layer and the conductive material are not the same material.

18. The method of claim 17 wherein the non-conductive material is a non-
conductive particulate material selected from metal oxides, metal nitrides, ceramics, and
mixtures thereof.

20 19. The method of claim 18 wherein the non-conductive particulatc material is
selected from the group consisting of boron nitride, silicon carbide, alumina, silica,
platinum oxide, tantalum nitride, talc, polyethylene tetra-fluoroethylene (PTFE), epoxy
powders, and mixtures thereof.

20.  The method of claim 16 wherein the multi-layer foil includes a copper metal

25 layer having a shiny surface and a matte surface and an electrically resistive co-deposit
layer associated with the copper metal layer shiny surface wherein the electrically resistive
co-deposit layer includes from about 0.01 to about 99.9 wt% of a conductive material other
than copper and from about 0.1 to about 99.9 wt% of particles of a non-conductive material
selected from alumina, boron nitride, and mixtures thereof.
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