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COVPCSI TI ON AND METHOD FOR MANUFACTURI NG | NTEGRAL' RESI STORS | N PRI NTED

Cl RCU T BOARDS BACKGROUND OF THE mmmw“m\\mml s application clains
priority to Provisional Applicati 601 094, 746 filed on July 31)
1998. (1) Field of the Invention This.«ddention relates to a resistive
conposi t e n¥PMPHPT i ncl udi ng the conbination of a conduct PCEUTEYEPE0al and a
non- conducti ve material. This invention also relates t lti ~ o | ayer
foils includi ng a conductive foil layer and a resi stiv%%u materl al

| ayer that is 05| on_conductive f th
I nvention rel a le:TIQN A?‘HB &,9 FQ?MA&E Gubst rate and
an integral resIl\EI‘EGRAleRESI&TGR&BN&PRPNTMREHIMGARDSI ncluding a

conductive material and a non- conductlve nat er i aI wherein the resistive
conposite material is |am BACUGROUW THEJINWENEDStrate. i s 2)
Descri ption of,..t.he ce. 1 CO, ve the
Cortabt 11ty of Ml Erelicsrpt oGS aEbSy %Péls'ﬂaa? Rk e N AR

repl ace dfirgos@lys1eedbopnic conponent s with integral conponents which are
produced as part of the printed circuit board manufacturing process. At
present, (Wt edfighd afdbe Invgntioni s produced using a copper foil that has been
bLated wiih 2 Rfs HRERIdPtethd B LcliSRe ARG s heBUfRNGE okl

resi stance of copper emvm rior ar resi s ive Tayers is

t hat t heya asmiuvtéveymhterinl shea hOn-tdﬁﬂuwnve&ﬁwrlaal This iteentibmalsol rréiateB&ﬁﬂlu&ﬁ t he
resistive layers are thin, they are prone to damage by hand|ing throughout

t he mdhuf H&Qerllﬁglcb%dé)‘lﬂe% §°“¢¥36Yﬁ il layes gad a resistivg |°WQPQﬂ}% magsria] By Bat isand
_ ot her phy It |

i ckel "vodPaRsd B Ry T HREF, PrrhGS! Bt eh@izelCtaR cull BUER, o
50 ohm pecorsyisingeansinedativeesibstrate ad/an ﬁmgt'al aesistorrcompsisisg iaresidtive moinpysite | S
easily damaged.. The use of nicke phor ous. al.l oys t. reat e hi gher sheet
Feai st ancBRFOALipduinga ol € alarBLR Mg RS el et ettt on o
which is toasusiematesidl RahminatedYo fRiiMLRASEsubkthatr acti ce, ni ckel phosphor
materials, while providing thicker resistive |ayers for a given sheet 3o

resi stanc® thaﬂesmptéonpém A"Stl || producé what are considered thin
resistive | ayel’hsor%é}% r @rtﬁeeﬁfeéc Q??cgf?) ﬁBPOVE Aellelidtidty RF QBT olifts €S

when they are use manu ure
there has been an increasing need to replace discrete electronic components with integral

components which are produced as part of the printed circuit board manufacturing 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 00ro~i 9~ ' ~ .. ~ ~~:~9]~~9~~ .circuit boards, N ckel phosphor resistive
| ayers are also only coomercially available in a limted range of, sheet

resi stance, up to 1000 ohns per.square. : : ~ . . . The present technol ogy
'is limted fir several ways. The specific resistivity of the materi al is
insyfficient to elininate ,large . value resistors ) thus Iiniting

appl I cation of {’ﬂﬁﬂf present technol ogy. Also) the alloyin
whi ch the mat &Y ! 957 produced yi el ds poor resi stive ci I‘CUI rﬁ
across a printed circuit nel t hys, reducin S a'nd

re-work. Thicircpit bagrds.i N’ﬁ)@? phasghar H@”ﬁ@f’i ?fg “#90 ¥ icppamgre YaFY% Ha e
resistive | al“ﬁ?edtr&&te%?sl{l%{}egisﬁﬁ&f (\18 1860 éﬂﬁsﬁ)gﬁ{a} Ldeposition foil for

adhesi on. ere renarns. a n ' hit"egral "resistor foils
with inproved el et préseht tebknofpdl is lifteddh sevepdlivarysi VFhed EFveifict feitivily bf @ieer
resistive appli catlons SUMVARY OF THE INVENTION It is_an object of this

i nvent i on t angsenialiis dnsnficlent ito-eliminasolaracevakis wsistors, tthug Jimikingn application of thed

|ntoal yered fo nb asi. |

st s at & arkicispOlebnok, SRIBEHe MATRE HefeS vy vitden, B At s Wldbe yietss |
51t is yet puoplrésivokireait wfforiilySackasy @nptimed tcircwit punede tiuei redudingtyieddseand
useful in the manufacture of, printed circuit boards wth integral

resi stors. .inoreasingnksrwerk. oﬂ“éésc d‘!?f in; partsto; th?@ﬁ"th’BFp &P‘@sﬁﬁé’t PIFB'PE the resistive
conposi tion r ositions to, produce
a painted C|IFl eg:eéjﬂ%%ﬂ@%?ﬁc | ng | rt]t{ogﬁaog{ab ors erein the integral

resistors are redssd wsmttmenea'emahs mmeahfbrdmggraumiston foilsewith imiprdveé eleogicand
cracking of the resistor materia In stil h r object) this

i nventi ol i r?é‘ﬂd’éfé@alf‘lﬁﬂlpaé’(‘!ﬁﬁ%F@F%ﬂsmm f?Pé‘ﬂM"o Of§si ng the foil
conposi tions to nmanufacture prigpgel HROA di ng i ntegral
.resistors at high yields and i A o %Nrf’g'fr‘%#ngtotheflrst
aspect of the inleistdnobjectinrthis igveptian, tadprovide resigsive rdobupiobite mateirial thag, when

t t | I
ot er al - soragragrees S e 63 S8 b bty dhooPRiel AR 50U Ko Bog,
'cobglt :untgﬁ-lt,@ascdniaa@aﬁ&ﬁ@mw mrata![msfv@ﬁsis?fli Aum phosphorusk IsuI fulr
carbon, tantalum_ al um nu i ron itaniu atin n,. nicke ver
copper ad combi i YersanaHier cbjec sh g danted 19 cpmligrlg 10l High ot wsédul In the
particul ate gabertal o ‘3@"*‘%&%“? t"b9RRdk Wﬁhgﬁ@k'ﬁl feRidrsting of silicon carb| de,

al um na, platinum oxi tantalumnrtri tal c, pol yethyl ene
tetraf | uor oet hyl .dfee anather objretinfabistinvention sew exctay foil Sompositionshansligiethods tfoe

Fect 11 cal | RS E TR (O SRR LN 14 aF 3 pRRE Ayl oA, Bt

.electricall yreﬂ@tﬁrscﬁl%iﬂlht théeinﬁ I ks3istort areraéststdant ito amarlatidie and degradstivnl gue to
conduct i ve r| al iﬂ% strate by electrodeposition. According to the
second a%he : gqnﬁé:rq rﬂfld??ﬁe"’iﬁtwemge i provided a multi-layer foil

conprising a COpRgetifitirdthet 34 _Fét. Y ifEndors '%ic'i\lﬂe§ ‘féii %ﬁp@ﬁﬁoxﬁnaﬁi ﬁféﬁfddﬁfbl‘ y
resistive conposite material |ayer associated t he COCF netal |ayer
shiny surfacisingtbe énhcqmssioes:tormwfacwre printed |°irélﬂt:b0i§épt¥§¢l ing) inegrabresisrs
E’&'E)egkﬁll Zl)gya hlgh ynel&'da%fdim Qovgag&%mthm to 2a WO 00/ 07197 PCT/ US99/ 16980 -

According to the first aspect of the invention, there is provided an electrically resistive
composite material consisting essentially of an electrically conductive material selected from the
group consisting of antimony, arsenic, bismuth, cobalt, tungsten, manganese, lead, zinc,
palladium, phosphorus, sulfur, carbon, tantalum, aluminum, iron, titanium, platinum, tin, nickel,
silver, copper and combinations thereof, and an electrically non-conductive particulate material
selected from the group consisting of silicon carbide, alumina, platinum oxide, tantalum nitride,

talc, polyethylene tetrafluoroethylene, and mixtures thereof evenly dispersed throughout the
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.about 99.9 area % of alumna; which nulti-layer foil is fornmed by
codepositing the electrically non-conductive particulate material and the
el ectrically conductive material onto the copper netal |ayer by

el ectrodeposition. According to the third aspect of the invention, there is
provi ded an an integral resistor conprising (a) an insulative substrate

| ayer having first surface and a second surface; (b) an integral resistor

| ocat ed WOYPOORY7i nsul ative substrate first surface wherei n RHESPHIEE? al
resistor further conprises co-deposit material includi gﬁgﬁtve
material and a non-conductive material wherein the int@ﬁ?adiﬁg r has a
first end and a second end; and (c) a first conductive netal |ayer
associated with the integral resistor first end and a second conductive
metal associated, w r resistor second end.. ,Accordi.n o the
forth adpenivgmaal Ml Hier BBl R ke Pl PHEGH & HRRHOA P RPoIRE L Ur i ng
a print eldctﬁc:ﬂkymoh chadiktive mﬂndmdhtmglaaﬂau dandaly akctfi@dly Sbaduchv@npsatesd gt e st eps
of : (a) i rst. photosensitive etch resistant material to a
Ianlnat@ﬁfﬁgghﬁgﬁﬁ“ﬂﬂ“?wgﬁlative substrate, a conductive metal |ayer having
an exposed top surface, and a resistive material |ayer |ocated between the
conductive tal .la yer, and the ins tive subst

bhot osensi t | (ReCupih ¥ die Seond S of 16 VGl Frisds Bt HleE el

surf aCecmﬁprishg L aopgerahétyiclayee thaving aybﬂny sqrifgce iand atdblaéthﬁuylyaésdtleasbmﬁosﬁ@r tion
of the tosensitive etc si st ant er ve irra ed.pprtions
of the DAGTBCENE: treh it pBSFaP R meoRBISH insh S Rl e S0EHBE 1 one
of the phitics@nkpbditedcaipobite Ratbridl &yér indids fram,abque .01 @0Vvi ng a portion of

t he photosensitive etch resistant material to expose a portion of the
conductive netal |ayer that does not correspond to the integral resistor;
(d) removing the conductive netal |ayer and the resistive material |ayer
exposed in step (c) to forma partially forned integral resistor (e)
removi ng the portion of the photosensitive etch resistant material fromthe
partially formed integral resistor; (f) applying a second photosensitive
etch resistant material to the partially fornmed integral resistor; -3

"I'NO 00107197 i ~C~' NS99118980 2 ? JAN 20 (g) maski ng portions of the
second photosensitive etch resistant material and irradiating the unmasked
portions of the second photosensitive etch resistant material to form an
integral resistor; and (h) renoving the photosensitive etch resistant
material that covers the integral resistor and renoving the conductive
metal |ayer associated with the integral resistor to expose the underlying
resistive material layer to the integral resistor. DESCRI PTI ON OF THE

FI GURES Figures 1-8 depict steps of a nmethod for using foils nade from
resistive conposite materials of this invention to manufacture .| am nates
that include integral resistors that are useful in the manufacture of
printed circuit boards. ~ 5, Figure 9 is a cross section view of an
integral resistor including a co-deposited resistive conposite materi al

| ayer 12 'including a conductive netal along with a plurality of

non- conductive particles 36: . DESCRI PTI ON 4F THE CURRENT EMBCODI MENT The
present invention relates to a resistive' conposite material conprising at

| east 20 one conductive material and at | east one non-conductive material.
This invention also relates to an inproved | ayered foil conprising a
conductive nmetal |ayer having a shiny side and a nmatte side and resistive
conposite material |ayer .associated with the conductive netal |ayer. The
present invention also relates to .lamnates, printed circuit boards) and
ot her el ectronic substrates that include at |east one integral resistor
manuf actured using the 25 conposite material of this invention. An inproved
electrically resistive conposite. : material has. been devel oped that is
useful in manufacturing printed circuit boards and ot her el ectronic
substrates that include '"integral resistors. The conposite materi al

i ncludes a conductive material and a non
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.conductive material. The conposite materials are useful when forned into
electrically 30 resistive foils in manufacture of printed circuit. boards
that contain one or nore integral reisitors. -3a woou~o07is~ 2 7 P~AN92003
Foils including electrically resistive conposite materials of this

i nvention can be manufactured by well known el ectrodeposition processes
using an el ectroplating solution including solid non-conductive particles
and at Wheamio7@ze conductive netal ion that fornms a conductporeise@isdbo upon

el §/Ct ropl at ihng. Tge tc_onduct |t vle Irret al ufseflhi nI t he rfesr fé#\émﬁﬂggl tﬁ'
and/or in e conductive metal |ayer o e |layer foi is

i nvention may be any netal, netalloid) alloy) or conbination thereof that
50 a5 S9N 3y AL GG I B, SRR 65 bbp SRR S Ly

co- deposon-camdu@ivie ahrtlcrﬂat? ma)s;lall;wéﬂmieﬁnt(md? qu@gorwn?crlel)i?nte thefcoppea m;e%lll) oW ng;
anti non As I smut Bi cobalt (Ce tungsten
manganege/grswrf‘jle)cgfx§e lt(’:ond (Pb), chromum (Cr)) zinc (Zn)) palladium (Pd),
phosphorus (P)) sulfur (S)) carbon (C, tantalum (Ta), alum num (Al), iron
(Fe) titaniu |%1 chr n ' >0, . N Cs ' silver
(Au), and. cogﬁérd %)ﬁ 91 réjg%n('gl?ﬁ}llevlgmrlrle@d)mﬂ%%} ré‘ﬁ@%‘yaél An%léggﬁagg&%%“chosen
from al kaymisifg @nen drsulatvesubstrdth byeblmyargi fitensurfaceeshdcosetand swiceraberinal s or
2P 2 S B o S iy RHRLE GRDL UL P RNRL
mat er i alfigthof cd)d‘l]orsses nvdmosmnnarm;al reluding 5 oondodtivd unatened antdtaemra¢ontl¢ranve can be
ol cct  op B AR kbt ErelBb A et ot SEDE enOpIBRP R Plbnduetive 1 oy e
mat er i almeta:t lagerpagotiated Ivathehermegnai radistottfast eodiandreseennd nbndudiiepestal @shotirted ughout

t he resr I uch particulate naterials include but . are
not lim te etmtege{re%m&esre& %dendﬁet al 20 nitrides) ceramcs, and other

particul ate non-conductive materials. It is nore preferred t hat the
11 con oar biqerap, ik Bufiflel BrufReBRCThED 1 DR RnBibY £F) |
pol yet hynamutactusingaa plinted ciscuitybaane ir(olume) an ROl TEBiRIoE COMPHSIAg Miexstepes
thereof .., . . , It is nost preferred that the resistive co-deposit |ayer
be co-deposited froman 25 electrol yte solution having a pH of from2 to 6,
a t enpeKatapplgingfa finstophoRBertsisivd SEh aenibtanh lateripintg af lnwimateb ineludn@ anginslative 250

gr L Of QUlRl ST ol el 1A R YEpoldd @6 Jurke ARAH reshiH0e fackrif)1afEP" ©
alumina or boron nitri epa cle na an oron nitri articles
Wi || pr édcatedbbepwéeay ¢hea cw@aﬁrwrsametall elaydr zendr dhegiinylativoorsbitietst Whegein tige about
i cr ons PR Rl B e F1oB e Sl Lo e -
tailor eélaym have a resistivity of from about 1 to about 10,000 ohns/square.
o 2 7 $R REEHE (ke B0t BDROF TRy AR i s Rl It 701
t o abouPoRigny ofirthey phptoFemsitizg fe&bt repistagt g@sengle@@ dwatirragiated ppriopg of the

el ectri %%tg%nimé&rrg&t&@mggmte material layer is an inportant factor in
determining the thickness and the resistance of the integral resistors
manuf ac{@rrewovieg agortioe ofrthieathptebensiiye etah sesisiapiematpidn to THOSE ar PATEET elcthpyve
Cross 5 §embhe al hhiRb&I ot Lok R B MEBIHAEILERAA! area of the conductive
nmetal portion o resistive material. The resistive materials of this

i nventi &, remheneﬂ@rcendwaye metpblager adl fhecresistive apasasial lnert axporadl imsteR (Qfto f r om

about 0.Q1, %a}@dl@@%dg& %Sgg,pductl ve area. This corresponds to a netal
t hi ckness of" from about Angstromto about 3 mcrons. The use of an

el ect ri €QIrppoviegthetpottion b ofosensitive eich resisanhmaiarialdram theingtielly formed r cuit t
o board;gompongp,s has several benefits. The co-deposit material can be
manuf actured Into a resistive layer that is thick enough to w thstand

i nci dent@lapglinage sehond motpreaditus etsh frepistavtmpteaiet ta egpagirdly ulSrmey integral

mat eri al, }d? addition, by varying the conposite material ingredient ratios,
t he corrposrte rraterral can be forned i3nto resistive foils that have a

uni form -3-



t hi ckness. but -with varying sheet resistivities. This allows for nore
uniformty in the ~ 5 manufacture of circuit board conponents including
fesistive composite material foils of this invention. The advantages of
busing conposite materials of this invention to formresistive sheéts can be
understood fromthe follow ng hypothetical exanple. If a 50 ohm per square
sheet resi g tLVvi Is desired, it can be manufactured by creatin
co- deposi t%géba@%%nductive material 20 (such as nickel) and ?\9%9@/516%9 a
non- conductive material having, for exanple, a nean partlcl % p@@ga out
0.3 mcrons. Aresistive material |ayer thickness of 1 mcron wl
therefore, correspond to a resistive |ayer approximately 3 particles thick.
If these particles are plated to a t hi ckness of 0.0002 microns of pure

ni ckel aroypd : c ed, 1t wll result in a.shee

havi ng a rgé gﬁ%ﬁ@eﬁ) (%P&Jg' Jf)f%‘)% ”sgc @/’%@8%%@*@ e\t/ﬁlht WSlga%thlggtFmtlhafngk‘ﬁ’&@gt"@f &55 1
mcron. In mmaslqedistortioas roef shes tseooad Ipihymsenpitim wtohcresistadt matepialptor formi 4k Bkegyddul d
have a thi %sns%srs n@ 0.00174 mcrons. Thus, a resistive filmof conposite
material is Over 500 times as thick as an equally resistive filmof pure

ni ckel . As (B ree®wing, the hﬂmﬁowsmm etzhl mgiﬂantaﬁatendnl digosoversniht dfifegral reSistof 98d
prone to resistive yar uet damage. . This invention al so
i ncl udes n&?'{l?v"f% %Fondgcgt}vg tnrevaé Ye “}s§°° aﬁﬁl ?P‘?ﬁ%@é‘fsm}o&? %’&PO%‘H ‘Q’HY ng of
t hi s i nventresistive maferisldayer todhelintpral esiset.al | ayer and a resistive conposite
material |ayer to give a conposite foil having at |east two |ayers. The
mufti-layer foils are useful for -5 WO 00l 07197 PCT/ US99116980 2 7 ~aN
zoos manufacturing printed cirBD# : WS nt egral resistors

whi ch are usefu ] rr t

di vi di ng) tine E&Hg"tsan@%q@%@s %?“ ‘E?‘i’ f’ﬂ F‘loar ﬂf.‘d#%%s‘érérﬁ)ﬁ"%%"s“"
foi | conduchdteralsngst this 1h%nﬁ6n 0 hianaﬁaaaresranﬁﬁ&e rthatahd:lyd@ﬁntagral eaitoro Kt Ere
conductive netal or allo nguctj-ve-net al’ used -i n—-t-he condueti ve

net al Iayer“s?fﬁvnﬂéa'g@“@@%&)" H&“‘%fé‘??édsconduct ivé nmetal s and al |l oys that

are usefsul in tbf‘gtufgag% aCbrdiLsedfion ViWe of Qﬁllﬁfeg}ﬁ? rE‘ﬁit@f hx@élﬁdtﬂ% al Eé-aepomted
i nvention except that the conductive netal |a prefera

W@% not he sane
metal that ressstnye cempesite material layer Roispludinga cen \eqtlwmmeé@mlm armlp@hryaof

Qhoo& ng di ?ug-cpﬁdu Vﬁggﬁg?kve metals allows -nore flexibility in the

circuit bodl P'hg process including, for exanple) the ability

to selectively etch t h)ESCRIFIIONOFETHE CURRENTEEMBODEYERNT 0i | . wi t hout

di sturbing the co-deposited nmaterial layer_arter the two, [ayer foil is
| ami nated .t o an ThePresentiipention Ealates o a Aesistive Soppasiteopatirial campesing of Jeagh s

a]psur Fage tJngac%ﬁﬂlv\E%) Elﬁfenaplaﬁd de &kt Q@ed nbiledhdR ti\Peafér§ friallO- Tﬁl’s GifiVertids: aldo®

ecification o I'S I ncorporated herein y reference.
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 inchude 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.
-3a-



~ 5 preferred-two layer foil is prepared by co-depositing) by

el ectrodepositing) an electrically resistive conposite material conprising
a conductive material ) such as nickel and a particul ate non-conductive
material such as alumna or boron nitride on the surface treated snmoot h
side or on thoewowrtdz si de of the preferred copper film /psmmsaed
that the resistive conposite nmaterial be of high thernal to

i nprove t her mal gl Sfidiadih %c&&aﬁf‘%ﬁé‘d\féréﬁpbﬁ& Qxfateﬁﬁ'ls'dﬁtﬁ&r fﬁvemfaﬁl Qe Made
with the conposite materral. The resistive conposite material |ayer that is
appl i ed t omanufaptured by ovelt kmovero sltatrodapesition arocessgsensingagn tedectroplpting edution t he

oretorrod HETE0ErlEobEol i Bliod Faf bl RO E e oo gl s e

snmoot her  sggntiadtive Gletdl h@oﬁ QeRdtreplating.f dihk coﬂuemer ReaPeskl tih Ahe ARistiftemaeBAt h
side forns a conposite material |ayer that 2s exhibits nore uniform

cat hodi & pwidéariin she mdwwpmctddamdé thé lepercloiimenteriad ofrtie invantiongnayrbe &y t he

matte side t f r

mcr ount £ oPRet Jiof BT EleiSarERBRALer o L pb B e B i v
required t Exginglds o obdteioe metals @BdtSire iSefal eashel eanduétive mawl BAkRoy & frduced
due to the lower profile of the smpoth surface. This reduced etching tine

al so cont r Fepistives co-denasisr matedalupf fthis ninvention dinglades jong o5t mors o rthe dolloygng:

o ofot g TRAER S, el OO, 6isB B (8D adbiy (L, iR (W millAROgRE1,
001 07190 PIEIANG)/ trofium (Er)? zMNEDO@aMnﬁmCM)I phgsplonud P)adhkbai «Sm " afbdnhe
ayer may (69" e IO, PP, ofor e AR 470, OB, SMRECFon Hay
al so be pr(smtlﬁekebmepﬁivw o&)cmd‘@tt OMHE dofdheHieAERR -anfl AlloyHTPIS

sil ane coupling l‘z,i\ﬁ(iijents) by application okg surface-active substances to
i mprove cobg skasemitom aﬂazt/85off ¢rm/\p1t moge toff sharvelsiveridentifieda doraskuciive matorials iong

skt 111 ¢ AP Ve Bt b RS oo P e SRS et ol i

preferned that Ntn-eortdwu@y:ﬁaeﬁas |1n Ui, resis@ dolpbsitenBateiRalsl 0€ thiy ervemiod mdys
copper . The t hi ckness of the conductive netal |ayer wil| depend upon its

final use.PerA®Y ReR-eRiactveomateriyl thak canbp ﬁmbeetaa@eﬁ)aemtucm Befahfo gixg dr

wi || depen o] 150, ange
from about ngﬁiii%tﬂgtzgtgggtfél'e&ﬁ%ldtéﬁ {Sﬁg% Ecgfl'gﬁe}rn : {sﬁg?éﬁggﬁﬁt P{Sudragsc“d}lkt,“r
relate to matmtalhtada pamnculge maptexiag \nhﬁtlcagd»p eiverily dtspu'sqddthn@gaomtetbe sesistiee fodl
deposi t rrate er to nufact rinted citcuit boards includi ng at
| east one MR eé@r aISu i, ppiclate 'Rgtef@ &ﬂg Pt ey léml%’dzto gme%x}dgi,erp el

i ncl udizng  fitGdREPEFArhies, rmxtte;tnealpahﬁ;ume Aén-dodditiifle tatepiAll qt isvRorEiréttrréther 10
is laminated to an insul atjve substrate material 14 such that the conposite

materi al | Higapartioplate; neaReRduetivedmaieriglscare tselsctedh Sipmy dpipa mitrklsy shicen pasbides al
14 and the,gmof ucéhic\.(e i c!né tagl&iutﬂ- hﬁmﬂ@sté#@tﬂo‘rffyg tﬁ’#@?ﬁt feah-FubtBlt lEr?el 14
ma nown aC

may be nmade O erra Inth turing pri ted
circuit boéR'EEE)J mbc)aqtowgersbmd mixturks thieteofl to) the reaction product of

pol yester st i) iR iareiepRd T TSRV, HEoRRat iish bsr ComeBicdcin o

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/1 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
~f-



f or mal dehyde ) silicones, polyami des) di-allyl phthalates ) phenysilane
resins ) and ceram cs such alum na) berylliumoxide, silicon nitride,

m xture thereof and so forth. As is shown in Figure 3, a photosensitive
eteh resist material 16 is applied to the exposed surface of the conductive
metal | ayer wd@yoA% As is shown in Figures 4-5, a photo _toetT/ABeAsBedYi Ng
the desired pattern is placed over the photosensitive eﬂcﬁ dﬂzq yer 16
and the conbi nf%’iotgn ia exggsed t o, or irrad'tamq V\f;thgﬁ‘ sul t t
source 20 MAFRI BHe £O-4enastddyer Fnging fEap p5QY 12 AOQUL 97 A2 Feni cal Iy

' devel oped. Durfraleftddfive BRIFE GadtioHRVakL BB dedthi@I OsistivedcinipoSitt RRfetihons of
the photoresist are soluble in devel oper and thus renoved and the

i rradi at edayex poaneiinpeotant fagor 212 detbrndining tbe Buckness tand gherasistanessofsthe ristegrel al 16

whi ch are insoluble.in the .devel oper. rema,n fixed to.conductive netal |ayer
o, 7 © seshits ionsBabd e B RRalec o, A o PR R S L ng
an i nsyl atsbatRnA UfRed refeR 1oAMRY crbés-sedticiRAITARA] dfetheBdontuctive | Aarpotion 8f the
conductive materi.al |ayer 10, and a photosensitive etch resist naterial

| ayer whermesisive eatpidlt oddnstesistive aagiialsesl shis faveatipa thersfere. may bavenan

devel oped € cdvg%y(?s -@Qcti'togﬁle{rg? gf ﬂ‘éﬁ). a%%ﬁttb bf%gﬁ&b&ﬁt dh @fduclife Fx'eg.u r’l%ises B,

i nt er medi Ste T 6s1 ot pattern is i maged and devel oped t0 create ‘serpentine
traces 26 cofiespbmissbansetall thickmasstof froarlabonsilsAmpstrom tb hbowt 8nmitronng devel oped
etch resi st rratrﬁri al f24. Next, the |ayer of cond,uEt ive tal.and resistive

metal that are!AbESSHRIedectically re¥Rlive EmpPesHe Malsral tormandactigintseral cirghte
removeq Utynhdqzi | I | t ¢ Ty Ly i6al Oor i de)
B A R e o R L R e s S S
partial | y resistipé dayed thaitieghisk enesgls tcomwithstands mgidanteb damagei duing prdcessehifoh

4 ncludes insulati.ve sybstrate |ayer, 1 nposjte material |ayer 12). and
conduct i vé“%%a ﬁu"f'%féla Uspe, HhE, BRSTIRly ?ﬁ‘ c?ﬁgﬂ;g?’ otvﬁ’yé‘éﬁrf}lﬁsf%"é"%‘gi g}afegf‘ﬁl ayer
12 and corifigtediént eative] it corydite hidtdmiavean be Ermes iy exdiskiye file tHaCldve @tugifértg t 0
give a partjally forned integral resistor 3_26 - Fi ggqr{e 7B shfovvs, t he

i nt er medi dhigknesybHa Mithoyarying (sheet 7iesigi vitesy ofPViest &45 mere; wifommitydn dhs 5

| ayer 30 | he: S : : WCE: al

| ayer lglsnd e\l'?lglggg'tegf %1%%2%%?e&§\p§g§r{t|§%§lug%gg#}?sgxﬁg%gxglggsﬁ}g?r;ih \%H%Elgﬁfﬁier
that corresyotigts to the | ocation of the integral resistor. The internediate

Pater al | ayor THoeP e Chisbesamponts i r A it ga Rl forttresive shéds ©!
phot ogr aphiag bt @Rberstdod HSH Bk Q&%iﬁg’;ﬁrﬁpoﬂmbéﬁdmﬁﬁl&h If @50Sdhni"pér @giadé sheayer 30

and then 20 exposed or irradiated e irradiated etch resist material is
t hen develrepstivityds gesined.dt gantheananufastireshby3zcalipngp 69-depasit ofe candugiivg matariakr n
resist,le | | ROL L] it o I

ool *QHER e oG b ACTEE T pBlchh Ayl B) RTINS ot YR ShE8h
unpr ot ect guirtizieesize of aban dLE mivensied aksidtivy anatérrl dayer abickress efivhymivion hwidln

2%?: 2;2'%&%8% léc?rlﬁcégoendet%%hrgsﬂgtivte?ay%%( ;%?’gxix%gtefyr}t Eag{ia!es Rk lﬂhce)ge ;:))’ail'tict]egaatre

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
is less prone to resistive variations due to physical damage.
This invention also includes multi-layer resistive foils. The muiti-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
~5=



25 co-deposited resistive material with a conductive netal |ayer associated
with each end of the integral resistor 34 as shown in Figure 8. The
conductive metal |ayer portion covering integral resistor 34 is etched from
the integral ~ resistor using any suitable etching solution which, in the
preferred enbW 6t®Ho7 where copper is the conductive netal , PSTA&I%EO8I from
anmoni um per sul fate) ammoni cal chlori des and ot her commrﬂ ﬁIJA{MQﬂU‘diI
etchants. 30 Figure 8 d ci”rp d' | L cui tl boar d mi@g t or
"ol i ng. dRPTHHEHF e RN, B S et mRde el FORGTs SBROne e BILRE o
material | E}bﬁﬁédaﬁ& hdjudthent! earRd Ninfifing, %ﬁ%eadlvmﬁlg timéedAtafks 1 Bkernetworks
P~~9~~~8"~0 resistor and on which is cated a conductive nmetal |ayer 10
wherei n thendeadertti ve netal |ayer has been etched fromthe resistive Iayer
correspondingt |nt ral resistor.34. Fi ure S .a Cro se i ew of
an integral re5| ﬁd?ﬁeﬁtﬁ?l ﬁorﬁlHthvﬁs'Wrt%{t e ‘gﬁ‘bg ‘&?S?’iw o‘i tqg‘as one

resistive GondlRBEOS tntetal a8V flloy 1 2rHetahductitel Mélatsused GPihe eehdueevd mbar la?ér Maf be
plurality of s non-conductive particles 36, and a conductive ne | ayer

10. Al t er naeleqted jion thesame corsictive metnl ané gllpyst bt are usefal i e snasufachire of
I nvention r{ﬁygelgﬁr gé[aﬂlld{e?lgfs %rf‘?lgs Pr)(/ent{o%)ex p‘?ﬁﬁ[ kﬂ%gcoﬂdnlcﬁm H@Ia“? la&%pﬁ)r 'r%’fergzl

I nsul ative Su ayer and a resistrve co

appl yi ng) dﬁveh@pimrgnmﬂ mamsweregtemdauahomedxpodisat maitesalSéondadtbiel mhtchbpm t he
resistive co-deposit layer to formcircuit traces such that the 1 o
devel oped Hwosingstistimilgn epnductives megaly pHows r mpetsr flekibiligesiny &he jcircuiyr hoard

From thd | AMeLEReAR ohilee BRUMEP Pl Thd MG ARARAE R TonadRE o,
t Eet remain |t mgaltcﬁmrpam teo rlayberfmhb:txthayemsxurbﬁg t?@pb-}depmtgx_mlnnhaté?ulflﬁym mys_:ratth;

phot oresi s er nt e resi stor portions o e resistive
conposi te rfﬁ'ng?xeélﬂ’ai 153%‘?“‘3‘5&&0% 'ﬂ”ﬁ‘ﬁ??‘?qﬁﬁaﬁ conductive nmetal to the
unprotective por4 pRRsred c%n&fctﬁé‘ﬁlefaﬁﬁ}i_ &id X@\xr‘f&@ﬁ&ﬁﬂe& GoppR €dil Adscribeeein 0. for
exanpl e, el ectrodeposition. EXAMPLE This Exanpl e describes the manufacture

of a corrpos‘?aﬁ@tﬂ:ﬂ 15,@19,203; shej speeification of avhighl is la@PfBPrﬁ'E@ therein bll refsranget hd t wo

I fail

ot stofs, MRl W8 L it e P b b0 S erpifoabisther dn ol

deposi ti on resistivel l:oriqmm rhateridd ecomprisingich donductiod mamm r eucﬂxehaldnad:l and a
foils are conventi.onal | duced

description here. r
el ect r odepd¥FHGURAE %b&aduthe ARaesIa, £4ch 3s lmina, of B%/rag |nﬁ33<he{1 éliléy SHefags teeated

Taeﬁt g‘?“}:’a?g’in&oﬁ%ﬁg FORPHEe hte silE SPMeSPreftefer ppét fiftn.! N6 PréieAdd thacingsed

resistive composite material be of high thermal conductivity to improve thermal dissipation

20 characteristics of an integral resistor made with the composite material. The resistive
composite material layer that is applied to a 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 timeé 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 the products of this invention.

An adhesion promoting treatment may be applied to the conductive foil smooth
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'S, 679, 230 was- used in this Exanple. To sunmarize the '230 patent) the side
of the foil next to the drumis snooth ("shiny") side while the other side
has a relatively rough surface ("the natte side"). The shiny side of copper
foil may be treated to deposit copper grains on 30 the surface to roughen
It, and thuswmeiolioh at e subsequent | am nate adhesion. A fi rtTi3yes98®f

. copper particles to inprove bonding is subsequently enc%?l{@&ﬁ%ﬂﬂ or di ng
tothis g . -.2 7 ~J~N9Z003 inyenti. ] r esj St .
codeposi teﬁ"@?ﬁ itqjgro%c%e %a%eglo_n (KI %%f%%@ﬂ\?\gfi%? '{Dﬁge c%%%lzcﬁilvparo 1i e st {/"Sbe

encapsul at gedibr Progideihg Sdyet Mg behe RRECE cOmpddite ntudrhe 19@r dePPsi AllRiiont ep.
Furthernore) the copper adhesion treatnent may be omtted, and the

resi stive maya@isochecaromptes b capplyingnchepucallyi banded gubsgamees,efor ofxampie, sanses
where such . . QW] [ARARC) ' I 1. am i The
mon- conduci PR, leptttHy SpBRQULESE Rrblet sbRlerhaBE R, Hplol | BRAPAWiBRna
shoul d havfiow iftbahehechdrib atliesion pbamstirOtreamment alusing Hemdliatiper sndbg dthert he
co-deposition bath) and be resistant to ﬁeact i on ¥vith all s qsegueget X
cheni st ri e§shmges Xell ionetocthatet ofs ¥iill i Jhs artfapradycdeg metal p@n §iter &ectiicr n
hi gh di el egfikgiont rength, high ' .thermal conductivity ) ease of i o

drill abil i%@ or machinability) for exanple boron nitride. Al um num oxide
(al um na) is aniitihereferresf thatri€d twonayeo ficlliist used thabtherdoatiyctivaendtal isaspper.
stability)_porosit nd avai lability. Ei,ther materjal, will ccessful ly
produce a T_ 5}%‘!“??{0 ‘QﬁéP‘_.‘da“_‘m\? ‘Eﬁﬂé%vd’% i“t‘ﬁ p%\@”@?‘ upen i Rl asg %BF HRyckpgss of

el ectrqpl afyl ngsio@leh c&&lﬂ;{ﬁit ghﬂ&iatl hgysuane més&hl dpqs,pq&efs gdsiﬂ:ar 'idéé‘épr@ls r&fistor

non- conductive material and an appropriate solution for ~ s depositing the
conduct i veregistante whichhwilhfangg from abouy Ot hiosabenisi?) 000phms(sapere in Sinl ys¢. t r eat ed

conduct | vererstaate o o pese i ol uss. ¢
Sul famat o and_ J0eyeaie. sepfba mihgh B el B, Mool Mg { [ullien, o, o,

of about Odéposit matrisl. laydrao nanwhctole agirimeieitduit\boirds afchidieg atdeske pasiittegraly er
is a function of the volume percentage of ngn-conductive particles

i ncl uded, ESHto8y isalf shavn ndigyes bP, @ ko fyenfoiljariBding 2 ORPPRle BRIERIp Y Fent
of non'l?"n?‘i‘Qngdgé(gor\%ﬂétg/\())e%@hlhibrtlh% EAARAPR dn ihﬁﬁﬁfve@“stfaﬁé‘ﬂﬁtefrfai)@ IRt

0.1 to about er electrical properties, such as power
di ssi pat i othatthe compasite araseriaf layérelPeis pandavieited bstwaen thelihsulartva spbsraty matdrislange

of conbi nat|ons . of thickness .and.go osit .rati.o _produce w de, desir e
range of ry& P%&%@Ofﬁ# %ch‘f’%t.%” erdﬁedlzgtlpsgﬁﬁgye é“br““é%&#"ag‘?" # gxaygpe Wé?ea?fd
al | oy cont gaynina@riMk khevah iy the Qrdel afhafatiarip@ ptinted effcdinbbdigs dRRakng, bt hbt

general ly 25 produce a |ow sheet resistivity, At the other extrene, a
deposit cohpi#sdip, dhe fsastiancpraducypf formaldehyde and urea or formaldehyde and melamine,

20 epoxy type resins, polyester resin, phenolic resins 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 pattern 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.
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just sufficient netallnetal alloy to provide required nechanical and

el ectrical 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

bat h) bath tewpewemienr e) pH and ot her plating vari abl es as |5Pcmﬂ.lsb9/169avm in

30 the art. In this exarrple a co-deposited resistor g“ rred on
Bstrae

a copper foil Flrg[n:e%rAd cts ?nvmeméﬁaé%%dﬁct maléd' ng ar}r]mgulgﬂvet iaQé’?"l'aga

net hod. A ni cke at n I on was
conJceAnt Nrcahbosttemamfal &@exgmmondmieé nmdnhhmmxelqoand k |phabsen§mde el iresid

water: To this was ad 3‘%2' Eiams per \ﬁ&i‘ Baw ng. a nean
particle simaterigl Byen W ?fﬁm Fhatosansitiye 'ﬁ%‘é& '@ﬁte" lﬂ‘F&lj gvelapgd e
plating teqpes ah %t@rrhéiﬁd?é 'efch‘%‘ésxét“paT@Px' 4. 1)1nbﬁl;\9’é’ 6BThﬁteH£é&£dt£‘9es$s? s PH 5

fed
was adjusted using sulfam c acid.” A copper foll cathode was IITTYEIFH in 1%
H2S04 ( &q. iméged a@d)dmtnpndiso)crb&esarpqnmsettactehaﬁcnmghlsixapemquuancmz@dmsmtrﬁhe The

| | d | | | Lch th | d
2 Ui . m KB JEVGR BPACEE PGt (NS JEYecRl SRR T BEGhA. ¢ he
cell by an &er Bala AR 3L ot o BUIPLP'ine 46 R hel pnBOFeRl 3hdf SOL WARRY

vol unme per mnu l'at’i ng S”Were a e sanp

at a curr entiliglens isiyabief a&d)etélﬁngrselaumecucﬁcusaupnd:oldbmiaé\%hcfohrorﬂepﬁfdu cmﬁrx@f 10
seconds. In the_ case of a sanp | at ed at at 20 degrees C) a
resistive Iaa‘%/@’rf%‘ﬁé‘éldsrJ§F§E°|hv‘igts§epdf‘°1§’92 PBIHHHY ﬁ@PPQGGAF‘ég %es’é‘l%’eﬁs\ﬁéelwn The

sheet @S 5§ Fighie/s £2AnRA iANIRE EuvEBINsRA Ry 94 QBRLOLTRESRIBEL DS and

paraneters ~ s such as reducing or increasing the s s content o
co- deposi t comtuetiveametabrlaydrt Hi |wl@rd1:hq>oamun¢f 0bthr egnisite enateria| laMpb’Smh@d

-The | att t t ' I t h
seconds. per RN fERTer T daph PR A e s E By PR BN FORSIABIHED. of
surface- actuht'\%aﬁgm&mces) and ot her techni ques such as those di scl osed |n

U S. Patent 4,441,965) the specificatjon of which is incorporate herein
by reference. THgugeB ﬁb@waéiesln@avec}l@s|l§mnt@evfn%tgural7s"owmté ppacanteigh resist

enpi rical | ¥n£éﬁtaﬁﬁ§'¥ NWadpil€a gﬁh@ é&g b %l!lr 2 o?'?ﬁje GRIRES LoddaBve 1{{391313;& dit he

resi stance ayer  pro resistance Is ach
varying pr deedspet go pxposted @bioh ImoﬂﬁpomﬁdubtmeemmWIayhr ﬂfae&brrewsndst uovuhél es

Usi ng-sol uASGHE P HESR PGl Die Bitrge ate(,%%cgﬁgg}o% e bogn, prodyped
degree Col Shitialy apfe ER el rRefl or ol 1k Gphka S AR SOfS”

current density. an incredse in p at| g solution tenperature
will reducdOt Aephotopeaphicctik tS| thén plaodd oves appbﬂdsctclveeﬁsamenalrhysr 30 amtthen s

a‘h%\/ :Og%ngb'ejgc}séqurg{e l 1a§¢d66’rﬁ51rrégla§g§§g rgﬁx%mﬁ allilg &cgﬁcvcéu%gg ggll\:\/)g %'pzsxttt' yity.
resist 32 wherein 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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-11 ° . WD 00/07197 1 r P~ ~$ O I'n an alternative application
met hod, the non-conductive particles m-ay~ be zpflV~a(c~~'e~ld in close
physi cal proximty to the cathode) for exanple as a slurry of plating
el ectrolyte) in this exanple nickel sulfamate, and non-conductive

particles) feoomeapl e al um na. The gap between anode a qﬁ 6ogy t hen
filed with plating electrolyte wthout disturbing the 5 I? ﬂ]

co- deposi tredigt¥esnd én WHRR i§ RichRE abbnBhctive Rebtdl NGer 86 |vﬂfefe%ﬁtﬁéﬁfoﬁduc{1%’%taﬁr ound
the particles contained in the slurry. In still a further alternative

met hod, a lxeshexteometcheddego dieresistive layensorisepondingaiiniograbresisiondd t he
non- conduct i ve Fp%ré??sl egr{) s”seéi'ot%ﬁvge B%{ n}etgyal fes Eopfncﬁl% gaq%%&ﬂn @bb’{raﬁé’ of

el ectrolyte for I'ng e ca SUCH a8 co

current i Sappphj eehsisﬁvé c@dé}ﬁbﬁﬂa@ei h2 tpdliichaees cmdubtl‘& seweadliahd @legiper
deposit. In this exanp @Fper sul phate solution, of 48g Cu and 7 g
free %Omofﬂeclonqlqctlﬁp%ﬁéfe?ﬁ ang 3 eanductive metaldeyenl Gadher e t he particles at 50

wh adnor ent  parrebrak! el Byeingiats ARBBI, bl GERLS by BRPEE o'

layer is shimgguest by @baﬁﬁgarﬁigtﬂldnﬁlﬁaté‘éBQFﬁﬂgg PR irishiaties subStrAlg iaFenanke!
sul famate plating solution as ~ 5 previous escribed. Alternatively, the

co- deposi tresigtjusr comppsitie anstahéwr.b@o@n@bﬁnam%glomnmau}éurﬁgiowas yndevelaped t ed
to plasma | i ng.
et o s (ASMATIAPAS, Hiahe LA ORI THR P Rl Al
pronot ers, dewlbpmltptmmrcnia\tmu&rm $9 inCthe Iforim vﬁthbalbmedrmﬂegl)ibrems)s (8*) eadhingr the
treatments wel | tlé wn.to those 20 skilled. in erU|%ﬁ A{gmls,far

el ectric afiprat |E9ﬂ‘§"VCAHB1‘R°é'é? mgteriph dayet frowy the dnsufal OUABY by a
differenti@l 8bihefie ﬂ'&ﬁﬁ?lsﬁ'o | fﬁetljagxgmp{r%o&ﬁﬁp%sxté hfaeraneyet. '(‘5)a aﬁﬂlﬂﬁf%mﬁ or

| nterconnectlon are i mged et ch a conventional “manner. A Sec

i mage and develaping :stpéaptoreﬁlspenitmatedvaxsthegmmrzét wehigtor partionswof [ther emsme 25
one conduct]yv a . ut Wi | ot ubstantl | | y~af.f t he underlyin

Fesi ot ve SompRte e iherhind o] SopBaSs Bebive e §ibe, bHEoHBRE potehd

met al isayecsftm tebisfiveeconipoBive BhtdRall 1agdr bgl| fug eRarisle,kaqeaddépotitiyer is applied to
a partially cured epoxy "pre-preg" and | am nated under heat and pressure

sufficient to flow and cure the epoxy, formng a |am nate. An etchant
resistant material is applied to the oyhei\pRel NY surface in the desired

This Example describes the manufacture of a composite foil of this invention as well
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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30 pattern, and the |lamnate etched in an acidic etchant) in this case
aqueous cupric chloride or ferric chloride. The resulting etched | am nate

is cleaned, rinsed and dried. -12 WO 00/ 07197 ~ ~ P~98~10 A second
etchant resistant material is applied) protecting the des~irJe~d conductive
copper | ayerwioreont®tching. The |am nate is then placed |2n 33‘1‘ P&ocal
etchant) in this case anmmoni um persul phate to renove th Z uctive

copper f rmeahowavnt}hmccmsxdmpomytrsr(ﬁscczdepum@i edligiveantismetdhe Alersativelyg th¢ chant
resistant material . is r m)ved

b tl d d
T ea 1 COPRSTBIcHS Y PF eheasaed Bt BoBit dien oRodhe FraRt e el p-SeREeR ng
the necessgpy F x@mﬂaﬁ: Hr%'d?o pereR e Abatm&h Al eCathingd, aﬁmﬂa plstiVBGYepi NY

nmet hods e I nven |on has been shown and described with reéspect
to certai ereates dmrecdpi oartbodhmmstds ofithe ifal, o easssi svheteasuck quiayerl world vprovide i ons

and nodific Lonsd g ur .~o to those skilled in the art upon reading
and under SPEIHFHG }icFI’Qnérb BiMatiekt  on. The present invention includes all

such equi val entTl-@'ﬂo‘ﬁfcaﬂdtﬁﬂ% ﬁd?ﬁcdlﬁél% 'bE%Bstﬁb%uéd"Gﬁ tﬁea:hétaw&nhsd?faw@h&ﬂ@pe of
the follow ng claims. - VE: 7 JA N2 1. An electrically

resi sti ve hawerpdéimeterriess etrama:bom aﬁsnmdnﬁgbeeb@emblam the g¢-deposision dawi, ead by

ar seni c. " Brantin o ceBor i, n) BB MR ER RS g el BBNons

phosphor urefeel Uire pﬁﬂi@:k@ NyitH ﬁ%h adielgttria | stiengthyhigh rthdtmal ichRdvktivity, idagd iopum
tin, nickel, silver, per and conbi nations thereof, and an electrically
noncon@uctdrilabisisy tor cfi}%‘?étf@bwﬁ/t elor fxamplecbareny njtriden N‘r@“@‘ﬂlﬁ upKido Ay pminan gs of

S1 111000 CAEbinP proAl 4 DAcoRh i I U of BB YA kG and Aty

pol yet hyl e ro ene I sper
t hr oughoutElﬂieenfawﬁduwm Mcdsﬁﬁl@rpmhuca/ﬂrmmktwell@etrl cally resi st ive conposite
material is forned code&om ti ngqt he el ectrically. non-conductive

particul ate mat®8¥i &? CRPRF t4YET df SRIPHYGEd) ‘I’W‘%Gﬂdﬂ&‘i‘ﬁ’%’@“ﬁ&t Rath ontpinipg qthe
substrat e iy e%hé‘d:td@@ﬁe@ghﬁ.ue@ of fon-EBRIueHRChitkA! dnd arneaiip%ﬁrm% SOMRAS ok €

material of "‘claim 1 wherein the non-conductive nmaterial conprises al um na.
3. Thelsel alepesitng the cordictivd metalcermpetal alloy mdn ¢his gaseothe epppemfail ihiseasedhwithe

Concuet o5, A I £ GRS Sk T 9

conposite ITHQ[ eri ri a

copper. 5.)itdihef Ahmink having h ynefiepartitle \Geaneempdabhdue0/3ahierondl of cl a| m 1 whi ch
has a resistivi ty of fromabout 1 to about 10, 000 ohmns/ squar e,
nuf ti -1 ayer foilb ecﬁﬂ%rﬁhé?tnﬁ’s‘é“‘ﬁﬁynﬂﬁé?‘? ge-deposiy | layes isa é:H’éFnﬁnl%fy@F b‘?l“’inﬁe

el ectri caldeyoenfiph 3f h¥iRcsRIRRE phiticlRUfbRY, A1 FeAliMhitknelé of the nferdl AMepasit ~

20  The area percent of non-conductive particles in the co-deposit layer may range from about
0.1 to about 99.9 wt %. Other electrical properties, such as power 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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7. The nmufti-layer foil of claim®6 wherein the conductive netal |ayer and
the conductive material are not the sane nmaterial. 8. The nufti-layer foil
of claim6 wherein the conductive nmaterial conprises copper. 9. The
mufti-layer foil of claim8 wherein the conductive material is not copper.
10. The nuftiWDA¢en9% oi | of claim6 wherein the conductis mﬁﬁﬁ%o
conprises nickel. 11. A nufti-layer foil conprising a C(%?e Udayer
havi ng a stbyngie Solloivinpemethetl. 20 nigkel qilating adllyon eas mepared withpavnteatravsreof 90

| ayer associated with, the copper netal Iagler shj ny surface wherein the

el ect ri cal |8FameBiFkal syfamaiprs ditareof dalomipscwaera Torthis eas added 39 gama pertitenob1 t o
about 99.9 C cli I ; 41 0. 01
t o about 99%“%@? @g“’gz’o ggr% in>({: relrsIﬁ I(')tg ieaﬁ%ﬁ?ﬁa’?n%'c nﬁ?’%@%ﬁ?@%%ﬁ%
fornmed by cagitetionsid thagpldting tahpsratmrecidentified im Talde du btlowe Tharplatingl satvsiongfter i al
and the electricall §/ .conqg&t’ii ve . material onto the copper netal |ayer by

el ect r odepo¥dsiadpisied yoing sultamic.86d. hoard including an integral resistor

conpri sing; (a) ReppBStiidainbde MO MR thayPH ST%V('aﬁ'.g for 36 Secomtls! afeR riidy @
second surface; (b) an integral resistor l'ocafed on the insulafive
substrate ftheroughlyif deioniztdmaten. The samplegraalplaced iigtaoplafing tchlérintoowhich she an
el ectronical.ly,resistive.c osite material includi a_conductive terial
and a non- C'B?%bc,sfl W‘%&P&ﬁ%‘%@’%\"ﬁ l(?e eg?eﬂt ﬁlé?e 3 Sisgltugpn N 8"?‘{{%3 end
and a secongroaprbut 8lRctell by o cxter®dl peRIMIHE pinfLat B a2 of GieCHlathiS WhitRnSbIhé h
the integral resistor first end and a second conductive netal associated
with the i ritesgripyte.r Hatingt electrodesowere aiffeched,sind the sample plaggday@scurent density iof cui t
board of clg in the e r.J_cal resistl c ' terl

| ayer non c@n%‘%&c%g{rgédelﬁ gfmti Q‘%gs #(’)rn?g%)r%og u@ﬂ@é&c\ég?sf ﬁgﬁﬁgk %sg nog?a ergﬁ aﬂ%

sel ect ed frglaedret g 6@xatdOsdegrars @, anedigtivel¢ayer strermbistvityasfdAY otimsres sqlee eof .
14. The circuit board of claim 13 wherein the non-conductive particul ate
materials i ¥S®E%d fromthe group consisting of boron nitride, silicon
car bi de, al um nappe Shdek ?éistiﬁkﬁ&dn%@l@t‘&ﬁ%?mﬁn?ﬂﬁia@ihg Bh&of Frio?® prokéds parameters

pol yet hyl ene tetra-fluoroethylene (PTFE], epoxy powders, and m xtures

t her eof 15 15suclThgredicingipr ingreasiolg dfe solids ¢antent ohhibe eprlepdsts rouerialcor alteringttbe i al
is a netal,_ netalloi. al | qy., ot i,nation thereof . 16. A nethod.fo

manf act ur | HPuRt i Briteg oMo Bl f AR R IR RO RA TS v iaP st the
conpri si ng funsbes bditpedd secOriis g@pﬁdu‘ﬂerl%ta Therfoime? itiyasensicd by agition, teuisst ant
material to a lamnate including an insul ative substrate, a conductive

net al | ayerofhpiasrgackive substaaesy, agh oter tegluiques sichaas thepss disglasedpineliSa | Patey er

| ocat ed betyge PEVEY : @?@ i | @fal SHRs ,
wherein thew?fhg’t4 %)gansg ?{I‘?%Hg;égthdﬁ?&e@%%@éﬁ B?ra e?‘iga réillgggplgfeikéége't 0 tﬁég%g
exposed2a opsheelr fesistanasf may elsoobel wbtaingd emptividally dyye vary(ng) ther bathi conditignsitand east

a portion of the .photosensitive etch resistant pal t ive irradi.ated
porti ons. of “PRESfS: GBEREHe V" ulrted &F oS Weratbfcef uhfl S Fesidf o e
portions of acheRed Bt Q@IS iprocessigt ﬁi}arhasﬂs§&@aépoamu@refsalvith (shget rreginivitRg of
portion of the photosensitive etch resistant material to expgse a portion
of the condffem;l/Qohms per squapieto 11700 ohaws periuarsdiaye Besaproqused Heing selaqnsin
resistor; ( i JCt i ve oresi St

material | a@érﬁg%&%ésggzittﬁ%ét% gg'q j%&ltleomgg% ?h{ 2ad g%ltfgdtj g&?fﬁggsrlﬁr?e% ﬁ‘?“\égﬁ’ %1?0

resi stoes (grms@aolitengf alominacandi S;ASF ctutrent dnsitys eGerietallye antindreasedn plating
material fromthe partially fqornmed integral:-resjistor; (fJ applyi.n second
Phot osenst | SRR ERPeraruiecY Sl Reaviny B FaRet FROBRHD' Phibe FEiiFyer Brtoct§1 CERva
resistor; (ghowBIKbed, BAkY ons of the second photosensitive etch resistant
material and irradiating the unnasked portions of the second photosensitive

etch resistant material to form an intediABLEA resi stor; and
Temperature, deg C pH Sheet Resistivity, Ohms per square
50 5.6 ' 3.66
44 5.6 5.63
35 5.8 177.4




2 7 JA N 2003 '(h) renoving the photosensitive etch resistant material that
covers the integral resistor and renmpving the conductive netal |ayer
associated with the integral resistor to expose the underlying resistive
material |ayer to formthe integral resistor. 17. The nethod of claim16
wherein the eWOdWi¥al |y resistive material is a co-depozi}m PQ/E1980

i ncluding a conductive material and a non-conductive mat ér %31 t he
conductive met aln haykernative appkicatiom ehediod v the mpheavondictize aniotes tnivy teapirced in
material. 18. The nethod of claim17 wherein the ngon-conductive material is

a non- condudase PhYSIREF ProXimuY &0 therGathode, 1B e3ARIE 88 % SIFRA (0| Plajing fdestrolyis, n
nitrides, Ggf %ﬂn{?}(ﬁ)ngﬁﬁg sUieahadé eadt.]aﬁ Te6iftucti rﬁ&ﬁs Yot F&&ijnrp alﬁxlnﬁm'a t'I?]tﬁ 8P o

wherein the non- uctive par'ticulate nmater 'S se rom
consi sting lmfwdamraoodmamd cathodesxsl uhemrﬁle:dawhhc]ﬂauwg electnalyteswithaua, dignhrdingnthen

oxide, tantalumpitri po t hy|l ene tetr fluoroeth ene (PTFE)
epoxy powdeTWTY. ahRf - ?H?F'é yF%Er‘E"d‘%’f%“? byt H@tlﬁﬁt tFsisHve Matahiay e %g]%‘i“%ﬂﬁ t he

conduct i Vec}ﬂﬁlc‘i’és chR¥igkd GOAPEILEYS a copper metal |ayer having a shiny )
surface an matte surface and the resistive material |ayer includes from

about 0.01 to abwetill 9dughextalicmative mohodica resistive cordepdsitdayerrmayhzenfarmppdy and
from about lg.lt about aQQWth? p l%?lcles .0f.. a. nan-c dJCIIVG terfJaI
sel ect ed f rRO¥f" ‘ﬁ%{] c%’ pgHe rﬁaft?“i He!d SREF H%‘H’P‘é(s“’t r %Fo €1ip a slurry

AT AL AT iy ik -the iBidie. mARSsidh A &0 Prifig Aokt i applidavid
s+/ Bzupkf a\ cZa c@ﬂgca ca] ca] ca] ca] caJ ca] ca a] cafca] cal ca] ca] ca] calcalc
a] ca] ca]a] qreal}ecpap § ity da]dclaqccaqecaclemt e In This )example, a copper sulphate

]C E;~L1X§/r\];? Céﬁlgﬁ\ (}f ﬁ%} @h g g&?%a%] i 5@"1‘ a};gp%l:ntr 58] Gal Gl saksalgal ca
L1r+1grye #a;ﬁﬁ&ﬁﬁ%@%ﬁpzres:p(ef é@mﬂmat \ﬂ]h] £ pdrical eIl 6Mmlerahdsa] Thal @?bﬂ:ﬁﬁllC al|

calca]ca]calcalc"alcalcalc,a]lcalca]ca]calcalca ca]ca] ca calca al (()) ++
X. 133Ma44 V58 gdber t Byl yggg”hen rinsed " in deionize ter e resxs ive “layer is

<<<}xsni d_Zdbeh &ahf el 6abaRd sakeal BitioRd GAhg 3l fiales eshfa%la@@]ls@dé%ﬂ&?dn cal cal

ca] ca] ca] ca] c*a] cal ca] ca] ca] ca] c$a] ca] cal <C===4>>>>?x? CCODEMNEEFp
FF, GHHI #3 = previoushivepodilefic, aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

| INJIXKE KK ELL

CPPP GBSO ETASRE ToreRe B S BAF BT by i HGH Behjorg b O
; ;] ca] ca] cajot filnitad RglesMdaCsptalsalimadepaditic], eRbaolesadepodiial ami paidihg M XXXCYY[
[X[[\1\ & ]077~; At Joilnmay bepsubpeguenfly-{reaspd onvpither) sidg wijle afikesion apremotess.cay]

sbbYonbos. dEBITTREREMENY roRauad badler feR ] GREF HAFER 67 SabemEraRl 1T
a] ca] cada]skilled anj m]im]xg:adppéxaﬂoda]ma]m&]mbha]tma} ca] ca] ca] ca] ca] ca] ca] ca] ca]
cMa]ca]ca] cal k |0l hwnOooquaqqqq

r7r:rrrGsksst ft vgl gb] X] ]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca

] caU] ca] cal] ca] qml-qehm]ccakﬁad@&}& presatarnby ad chfferehta] et pyddssx 2T y@isy Y 22
zzzzz{{{#{-{p{Vv{VY{{{{CQ | xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] caU

] ca] ca] calj] nraqeéh]theaﬁw]l@waﬂaaf% & Rt eReRtqne AECi ased 2ndl etaliedaip caqomugrtipnal 1

| ca] ca] ca] CATRE) | SCRUCTAEF RAT ERNE B Ty bIR0iiR) B L GOAE L Wi b ) ©2

n4| wr mhes! YJ dﬂeccaildnaﬂlwlh?&] o] Wlﬁ]mkm]anﬁdlly( ﬁfecallma]ndeﬂlymi cesistiog gérc alicthisU c,
a] ca] ca] ca] ca] ca] ca] ca]:oaa ca%ca ca] ca]%ﬂ (a! XSJ]

n4| wr mhc/ Y] §35e &1Wa sy ol melnding a spodicyy metal @afw}tbal}ecs&}ryaa%!p@a]@a]ac cer] ca

)5 o 0 A A M0 o o e -

109%&’ () - 9! 1peuie)ufAtRuRto(flovt 4UDEITE jhe ¥pdadorminghlatingte: ° hdE)

109& 109& &10%& 3$s! 10% OY&:! 11 109& 10% 1"
% 0 etchant ststa?x% materql%l Q app?:e to thé )outer acing (s?.u'facc In tﬁe Qem)r/cd

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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dE) 109%& ()1 10%&' ()-0:10%& ()-1.#10%& ()-,! 10%& () -3+ 10%& ()-)! 10%& () -
s+ -./dYNC 10%&' 10 10 10#:

109& ()-s, 8! 109& () - 6#109& ()-4! 109& ()-L3! 109 ()-/L ez[ <YNC

1094.0%& () - f SLO%&: () - 353" 10%& () - ! #10%& ()-! @ 10%& ()- ! AGF" 10%&'() e
L} A<YNC 10%% %%%&' ()-f& 109& ()- 9$10%& ()-! S3F" 0%&' %,}j 6980

S3F" 1098JU& ( ()-T_aB7C 10@10%&'() ff/° " 10%& (

| # Ls' MB1O%&' (

S109%; & () - F" bz OW %3 ‘g%ﬁlooq&l gppi%f‘ Wbl %&é")‘“"d condactive @

10Y10% m&cdppet IaYéxOﬁ/Qﬁ&tdlﬂ ) n'l-‘ﬂf%aﬂﬁm(té is éh@K pldddd #Dam arﬂ;ﬁ\%ﬁ&:a( ktchant, in this
"109Z& ()-x-aB_@ 10! " 109 0& ()-110% o0& ( l)1 @@310% 0& ()-
"10% 0' 08CHSy -an_mmmpex)sulppate 10 9smB@Ye( thexhig lwen@cmmcoppe%r@& bave 4he co-

" ’10% & () de;)os ]'g%ia(?x@e @em@ns. ]’Préo l%ﬁ'la r)mg@et M%ﬁﬁ‘ar‘t )ma@rl ]sox@n%‘%ecf )ano@he
5 panel is subsequently rinsed and dried.
In another method, the resistive elements are formed by machining the necessary
elements using mechanical, electrical or chemical machining methods.
Although the invention has been shown and described with respect to certain
preferred embodiments, it is obvious that equivalent variations and modifications will occur
10 to those skilled in the art upon reading and understanding the specification. The present
invention includes all such equivalent alterations and modifications that fall within the scope

of the following claims.



UL TI+1811rS4"109%8& ()-"10%Z@ ()-!"10%NV& ()-109%Z& ()- 10 10 10
14 "10% & ()--!"#a##$$"?r SA@ 109Z& () -! Mp10%e& ()-3"109%Z& ()-'Y

109@& ()-!tY 109& ()-"109%& ()-$$CUEM6 7' }[ <r S4- 109@&' () -! &F(F(10% ()- &
"100Z& ()-% $10%Z& ()-11G 10% & ()-!1G 10% (& ()-7' ' >(((()))dE/ 10Z

10Zf 8109%2& () - 7' 109&Z& () - S5L$109@& ()-3 "109%&& ()-LOn' 109&Z& ()-Y.. 109@& () -
)))*++B, . oMt/ | y#10%&' ()- 9! y#10%&' ()-9LL' 10%&' ()-: ! P@l%ﬁc ?]@é 2@3

& ()-! CbAIMBBSB& ()-! @10%& ()- 10Z. X./ 11#33zX6+/ 1 y!, f [$10% 'N)-

| (f/$10%: ()-Z

1 $109& () - M #f $10%& () -M f $10% () - M/#10%. () - 933333MI44V5uV7y! | 109Z& () -

1. An electrically resistive composite material consisting essentially of an electrically conductive
material selected from the group consisting of antimony, arsenic, bismuth, cobalt, tungsten,
manganese, lead, zinc, palladium, phosphorus, sulfur, carbon, tantalum, aluminum, iron,
titanium, platinum, tin, nickel, silver, copper and combinations thereof, and an electrically non-
conductive particulate material selected from the group consisting of silicon carbide, alumina,
platinum oxide, tantalum nitride, talc, polyethylene tetrafluoroethylene, and mixtures thereof
evenly dispersed throughout the conductive material; which electrically resistive composite
material is formed by codepositing the electrically non-conductive particulate material and the

electrically conductive material onto a substrate by electrodeposition.

2. The electrically resistive composite material of claim 1 wherein the non-conductive material

comprises alumina.

3. The electrically resistive composite material of claim 1 wherein the conductive material

comprises copper.

4. The electrically resistive composite material of claim 1 wherein the conductive material is not

coppetr.

5. The electrically resistive composite material of claim 1 which has a resistivity of from about 1

to about 10,000 ohms/square.

6. A multi-layer foil comprising a conductive metal layer and a layer of the electrically resistive

composite material of claim 1.
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1 10028 ()-L109%Z& ()- S 109Z& ()-"!P S 10% ()-° 10 10 10V56a667e77aBuV7y!

31 1092& () -, F#109%Z& ()- 109Z& ()- 109%&Z& () -

f1100@& ()-1Ff, z#10% " & () - 78t 88, 9799} A2u\V7y! |

109Z& () - 3109Z& () -, &#109Z& ()- | " 10%66& ()- 3! 109Z& () -4 \? j&(ﬁ& mf

99H: : :; 2 2UU3
<dEuV7y! Fy, | 109Z& ()-3@! 109%Z& ()-3' ! 109Z& () -, , &#109Z& () - 33! 109Z& () - 3#! 1
0%& (7 -Themblti-la ¥F ¥laim &#H3@1& the conductive metal layer and the conductive material
4109@& () - F3&10%Z& () - Fl 11 109%& () - F/ ! 109%Z& () - ,

. #109z&empt thesame mapsridP19! 100Z&' () - 0! 109Z&' ()-s!! 10%szsz& ()-s! v! 109&' ()-s
10 10 10 '4F8!10%

& () - Sx???7 @AAJEOPL9! 109F#109Z& () - $109Z& () - $109Z&’ () - , #109Z& () - |

I 10%r & The mdRiGer(fbil Y BRBR 6RAE THO kMl 0dabBtetat 8&/%@‘1@&'06@&&10%&' ()-
10%Z& () -109%Z& ()-!10%Z& () - ODENEEFpFFAEOP19! 10% ! 109%Z&' () - *!1 10%Z& () - S)
(1092& ()-' ! 109%2& () -, 8$109Z&' () - #! 1092Z& ()-zF, GHH 111”1 # dYNCO! 10% 10Z
10z 10 0% & {.) = £ . . . 1

83 100z%: (T By o of Pl b hersin she sondiotive uaisrst 370 KBRSk cync: 24100 ¢ &
()1

0 & 1o A (51 @AM E (-1 @109 ()-91F1 @ 1006 (0.1 KL LaE
10% & () -1 S10% & ()-1!10% & ()- LM MVBNOCHEYNC! &#10% & ()-!10% & () - #10% & (
)-110% & ()-!10% & ()- F310% & ()- OZPPP/ QQQIEYNC! /! 10% & () - - #10% &' () -
f,10% &1.(A nfelti-layeedal ¢omprsidasdpe) metal LGt Biving CRRVBRSESeEnSaseEicall ot

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 99.9 area %
of a conductive metal other than copper and from about 0.01 to about 99.9 area % of particles of
alumina; which multi-layer foil is formed by codepositing the electrically non-conductive
particulate material and the electrically conductive material onto the copper metal layer by

electrodeposition.

12. A circuit board including an integral resistor comprising;

(a) an insulative substrate layer having first surface and a second surface;

(b) an integral resistor located on the insulative substrate first surface wherein the integral
resistor further comprises an electronically resistive composite material including a conductive
material and a non-conductive material wherein the integral resistor has a first end and a second
end; and

(c) a first conductive metal layer associated with the integral resistor first end and a second

conductive metal associated with the integral resistor second end.
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1098 f“}fﬂwe%&ﬁ@rﬂ% SRR et oy nenreRiRciye paftiqee gatsrials is selected
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"()- 10Z 10Z°10Z 9Z10%& () -1 7' 109%&Z& () - @$10%& () -1 YA10%Z&' () -
gg4hhhtaatadunn@ide taeapolygthdena euadluoyodtindemgPTFER, epoxy powders, and mixtures
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10988 () - ammmn00oodEmb@ ! - $109B&. () - 3+ 109B& () -3 *!1 109B& ()-39' ! 109B& () -
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| 73109 L}%éi}maé&{)%@%bﬁ)‘ @ @109K& ()-:rrrGsksstaBmbCl!1110% & ()-1 &

10% & () -

16. A method for manufacturing a printed circuit board including an integral resistor comprising
the steps of:

(a) 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 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 portions of the
photosensitive etch resistant material;

(c) removing a portion of the photosensitive etch resistant material to expose a portion of the
conductive metal layer that does not correspond to the integral resistor;

(d) removing the conductive metal layer and the resistive material layer exposed in step (c) to
form a partially formed integral resistor;

(e) removing the portion of the photosensitive etch resistant material from the partially formed
integral resistor;

(f) applying a second photosensitive etch resistant material to the partially formed integral
resistor;

(g) masking portions of the second photosensitive etch resistant material and irradiating the

unmasked portions of the second photosensitive etch resistant material to form an integral
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